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*000002* U tra-precision Mcro-differential Pressure
Measuring Device and U tra-precision Dffejm .“. m”m

Pressure Measuring Device 5 Field of the
The present invention is concerned with an
ultra-precision micro-differential pressure ned8i ng
device and an ultra-precision differential neasurin
devi ce in which a high-perfornmance electronim HEMWMMEHMM
and pressure converting device is enployed.

present invention is also concerned with 10 an +Goooo2+
ultra-precision mcro-differential pressure neasuring
devi c¥ltrirpeecision Mietb-differential Pnessute iMedsunimgDevice a
differential pressure gauge, and al so used as a too

for measuring the pressurandrop characteristics of a

| ow-resistance filter, nonitoring the filter

char act lI‘trdiplfe%%lor@ml‘fe’?féﬁﬁéifprégsﬁr@%ébﬁWm&Dewcg
characteristics of the ui d equi pnent I'C eal s

Fi¥dtdt thedfentigAer @ reduced pressure, and further 15 an
_I‘t_‘p'%‘ﬂvn differential pressure neasuring device

wi d u r re of ;the.differen

pr eiﬁuér esp(?esé{gpr I{{}%H‘Hgﬁ % gg'g{‘%gﬂhewts 6pesg&r,aepre0|3|on

Bac ound of the Invention The

m'ﬁ?%bﬁemﬂmrs§8%ﬁ@9ﬂ§un'n%apwcemﬂ?ﬁnnuanéfm@@annndnffecentnal
whi ch the I| i d colum height is neasured visuall

MeasM| ﬁ'n\eshlpp a fygh- Peaf@r@ﬁaﬁq glagtionin wengbm&am%pressure
measure a mcro-pressure or mcro-differential

converting device is employed. The present invention is also concerned with

an ultra-precision micro-differential pressure measuring device which is used as
a standard instrument for a differential pressure gauge, and also used as a tool
for measuring the pressure drop characteristics of a low-resistance filter,
monitoring the filter characteristics, and assessing the flow characteristics of the
fluid equipment which deals with gases under a reduced pressure, and further
an ultra-precision differential pressure measuring device widely used for the
measurement of the differential pressure of approximately 2~5 atmospheric
pressure.

Background of the Invention

The Askania type micro-manometer and the liquid column manometer in
which the liquid column height is measured visually have been commonly used
as standard instruments to measure a micro-pressure or micro-differential
pressure. A model in which a force that acts on the ram mechanism of a
cylinder is weighed by an electronic weighing device has been also used.

Furthermore, a method in which the differential pressure is electrically
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pressure. A nodel in which a force that acts on the
ram nmechani smof a cylinder is weighed by an
el ectroni ¢ wei ghi ng devi ce has been al so used.
Furthernore, a nmethod in which the differentia
pressure is electrically 1 detected by a strain gauge,
a sem conductor gauge or the like is al so used, but
not wi dely. However, for exanple, with the fornmer,
e., the Askania type m cr o- manonmeter in which the
date@;gd Pycostain grugmta semiceaducton gauge arithe likeds also used, but
maxi mum resol uti on power of the neasuring is
noiwidelyi mately 0.01 mm This neans that it is totally
i npossi ble to continuously and accurately neasure the

m cridowievdrer fort ieadan(r}messwme e t RSttt e, comémAeléama type
nanoneter (nmAg) or | ower than 0.01 nm

MR rRMhetal ws\/rﬁé’mﬁé ngauoOe%mHL l@ aq?ﬁ e.@'rﬁlééédréd \hsually, the

signal s contlnuous y.

t
it 1BsSuip] o on.dﬁhgf’@ﬁ.ﬁﬁgﬁ I BRBfARfERL o, This
m%?@%ﬁfe@"ﬁ%ﬁtot%@ﬂh&e Shig 1§ B ﬁ%alﬁ & ai% eesiialehmeasure the
8 mtlr,lait t he occurrence of measurement errors
m'&F‘? 1@69"1“ Rressure, ofctheowatar cofemnnef arnanaraetey (pavia) order
and a | ow degree of nechani cal nmachi ni n%bprem sionis

lower thaa/dPdmete Hadthesneasurgdwvalies cannet berautputtedds electric

that a force generated by the pressure to be neasured
signals cantintausétl to an el ectroni c wei ghing and pressure
converting device by way of a stem a ramand the like

wi t Withéhe dattdrf i.¢.hate eledopit differdritiab pregyuse Wdrmgfdevice
the micro-differential pressure can not be chi eve

VST SR GO o R ot o
beVotlfuted b¥PEIeBIrRC5igRAISC cBhfif SRl | AloREFSSURR device has a
problem that the occurrence of measurement errors arising from the friction of
moving or sliding parts and a low degree of mechanical machining precision is
unavoidable because the device is so constituted that a force generated by the
pressure to be measured is transmitted to an electronic weighing and pressure
converting device by way of a stem, a ram and the like with the result that a
high-precision measurement of the micro-differential pressure can not be
achieved. (The JITSU-KOU-HEI No0.6-76937 and the TOKU-KOU-HEI
No.2-52975 and others)

The problem is shared by a wide-use type electronic differential pressure
measuring device which is aimed to measure the differential pressure of

approximately 2~5 atmospheric pressure. Measurement errors due to friction

of moving parts are also unavoidable, thus resulting in failure of the
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nmeasuri ng device which is ainmed to neasure the
differential pressure of approximtely 2-5
at nospheri c pressure. Measurenment errors due to
friction of noving parts are al so unavoi dable, thus
resulting in failure of the 2 high-precision
measurenent. Patent Literature 1 Public Bulletin
JITSU- KOU HEI No. 6-76937 Patent Literature 2 Public
Bull'etin TOKU-KOU HEI No. 2-52975 Disclosure of the
highvpegaision neamtjremendbf the | nvention The present
invention is intended to solve the afore-nentioned

pr ol atest Literatune 1c oPulsiiv Balletin JITS8LKOW HEN N 0. 6576937
m cro-pressure and mcro-differential pressure and

Wi deatentsiatbralu?s 2r oPLBIiCIBUNRIMETOKY-KOLLFEY NG JB29751 Ng
devices: that is, (1) according to the device in

D@é]bglh}etgfqhéqmgrq,oﬁol um height is detected 10

_“ﬂﬂ_rﬁ‘mw sual Ty, Surenment precision is |ow and the

can not be outputted continuously,
Qlﬂﬁrr@'ﬁng to the electronic type wei ghing

devi occur.rence, of the engnt errors
ey ST RERETAREREST B Biehsed P STk e alcpemriaineghroblems
chanlsmto convert the essure into a force and

of he, 4ORYENYRa! SIRASUFRG (dRYIdESJBE MURIOCPIRERUIR ARy Microcdiferential

with the result that it is 15 difficult to nmeasure the
Pregsure-and wadeltusad plestonicedifierential isessireumenguring devices:

precision is low It is a primry object of the
thaineséhtaocmdang ito the depice\n ehichntheuliquid coturen bieight is detected

mcro-differential pressure measuring device and an

visually,athprreasuremetit predisiohiiglovp ahd he endaiired vBIIe8ENCHot be
in which an electronic weighing and pressure

éérﬂlhu@ﬁ&!ycﬁnd £2) atordihg %o tHe é'égtréﬁﬁg?p% WeldHiRg device,

O pressure to be nmeasured |3 app e

thé‘f&rc%r BEI G ‘Elré ﬁbe un%rv‘aﬁn%%fee cfu% E)efnctlon of
e other

neasur I's ap p pace 1n
m@&aﬁﬁé%aﬁté n the mechanism to convert the pressure into a force and

transmit the same to the electronic weighing device with the result that it is
difficult to measure the micro-differential pressure while the measuring precision
is low. It is a primary object of the present invention to provide an
ultra-precision micro-differential pressure measuring device and an
ultra-precision differential pressure measuring device in which an electronic
weighing and pressure converting device is installed in the space in which a
pressure to be measured is applied, and the afore-mentioned space to which the
pressure to be measured is applied and the other space in which a pressure is
measured are divided and isolated hermetically from each other with a sealing
liquid or by a dividing film in cooperation with a pressure receiving plate, thus

making possible the high-precision measurement of the micro-differential



10

15

20

measured are divided and isolated hernetically from
each other with a sealing liquid or by a dividing
filmin cooperation with a pressure receiving plate,
thus maki ng possi bl e the high-precision neasurenent
of the mcro-differential 3 pressure of the water
columm of a nanoneter (nmAq) order having three
effective digits, and the ultra-precision nmeasurenent
of the differential pressure of approximtely 2-5
pressiiepAkthe watesseolemnvefiras neonater rinewitg) oarder Thaving three
inventors of the present invention have noted that
eftective digits, andtthe ultcpremision measureinedt bhthahdiefbrentiapprsssure
applied on the pressure receiving plate formng a
of EpeseNimatelp 2eb\utmespheic pfesslgisn tted to the
el ectroni c weighing device with the pressure

Mé&sebiinednpémtich bei ng supported by a sliding (nmoving)
mechanism a f1rictional resistance generated at the

af Or'lfﬁe”ﬁ%hf?i@%f ?Ilmé :iyr rﬁ%\'ierﬁ%nct"i'é{?eegofqgrt?\ ’?a%ggrdmg to the

t hat IS I nap e for neasurin

f sure he i nventors
°°5}4§'“‘3°r@ééﬁ?{h%ﬁv'ba\ﬁ“8ﬁ G186 Canplisoon, A pucheie TReiding plate
to avoid the errors cay sed, by the frictional _ o
forming ;2 aW@éSU%éeﬁﬁJ\éesu@ée ﬁeééﬂ%ﬁ"ﬁ@dpﬁ%ttﬁef@ﬁﬁifﬂ@ctW@'thng

pressure receiving face is sug ported by and fixed to
dem@ Wik dhe presrureireceiviog; ateebeingrayppoitedrbys awliding (moving)
converti n? device without 15 restraining the pressure
mechanismng figtional eesistance generatexhat the afetédrnbnitionad sfidieg part
to air- tlghtly di vide the two spaces, to which the

capses ®uroes sach thapitiisdnappropligte fopraeasuithg thee misioMdifierential
of the pressure receiving plate. At the sanme tine, the

prégu(ee! OTRuS the evemesestithe %Y@éédt%éi'ﬁ%ﬁ rfag@?cfdn?e #an idea in

idea that, in the event of neasuring t I fterential

WHEIE 38 Ué\?‘oﬂfthGPB r8rd FBLELY tbf@n@ Jﬁc@ﬁﬁgggfén%gp "thi8 Spfeksure

a thin reS|nf| m or a

re%]%’i g e?flggﬁlé\ ‘ﬁe%ggs%rlga(n Ftﬁf& re{)aﬁggse supported by and fixed to

the base of the electronic weighing and pressure converting device without
restraining the pressure receiving plate and a liquid sealing method is adopted to
air-tightly divide the two spaces, to which the pressures are applied, on the
upper and lower sides of the pressure receiving plate.

At the same time, the inventors of the present invention have come to an
idea that, in the event of measuring the differential pressure of approximately
2~5 atmospheric pressure a thin resin film or a metal-made fim body is
employed as a dividing film to replace the afore-mentioned liquid sealing method
such that a higher precision differential pressure measurement is achieved.

The present invention is created based on the afore-mentioned ideas and

measuring test results. The device according to the present invention in Claim
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such that a higher precision differential pressure
nmeasurenent is achieved. The present invention is
created based on the afore-nentioned ideas and
measuring test results. The device according to the
present invention in Claim4 1 conprises a device body
1 having an inner space inside, a pressure receiving
plate 3 which is installed in the inner space inside
the device body 1 and air-tightly divides the said
1 ¢¢mef18%§3aa@VIqet kody 1 baxingsamineer space insidg @epresgurseregeiving
an el ectroni c wei ghing and pressure converting device
pl@tewBi whichsisi imstalledeth thesiinfeerSspaee linside theadevide dodyon and
whi ch the pressure receiving plate 3 is supported and
airtighetly, dividds ¢he saidiitheraspacedntda lowarephes 7! dridtard uﬁSé’f' épace 8,

the outer peripheral part of the afore-nentione

anf €166frohid Qvéi’éh'ﬂhﬁ ahdPtEsSire ddnggﬁing cfﬁﬁb%’ SfhicH Eqnéﬁnﬁé inside

space 7 and the upper space 8

thé“ldil(l gk t{}d‘eef Sﬂg rﬁlswg@gﬁgé g?%g?fré"?g&lﬁn | 3 IS O@H‘ng and

r essur

ctropic vvel n
fméﬁ%%?%é’s %égémiﬁeﬁeﬁ%%éﬁﬁﬂﬁais?m of el hrt o
e|V|n | ate 3. . The pres t|on|nC|a|
tng BfelpuoidnettsgoRivina. gty §hdcair fofelvisaneratsiibs kiwensrace 7
devi ce body 1 is so constructed that a | ower part body
andthgrupRed sBaced $0 thal reigipdliiferential rreagunedieiweenianpressure
conmuni cation with the | ower space 7 and 15 an upper
P1pmdeodw uppepispace il andt & presswesk dnside rthel Uoweg spate 7 is
8a in comunication with the upper space 8 are pl aced
megsed tby am eteationid eighing! andopriessed, comertihg deeitec via the
body 1 is provided with a ring-shaped sealing liquid

prédsurégecaiving \tate Rt the inner wall face in the inner
space. The present invention in Claim3 relates to a

deviThe ;ﬂ’éséhﬁhV&%dd"ln%lﬁlrﬁ‘ﬂrelqﬁ? Y@Srd%'vgg %e IQf @Ialm 1

recei ving p ate conprises a tlat-shap

et e db 198! *) cgﬁwsﬁ“gﬁﬁ'&dfhgga%WQV"BEH'%dV‘Pa{nprowded

e ou?er perlp ery- o

with a pressure introducing hole 7a in communication with the lower space 7 and
an upper part body 1b provided with a pressure introducing hole 8a in
communication with the upper space 8 are placed opposite to each other and
combined, and the device body 1 is provided with a ring-shaped sealing liquid
storage groove 9 at the inner wall face in the inner space.

The present invention in Claim 3 relates to a device as claimed in Claim 1
wherein the pressure receiving plate 3 comprises a flat-shaped disc plate 3a and
a sealing wall 3b extending downwardly from the outer periphery of the disc
plate 3a.

The present invention in Claim 4 relates to a device as claimed in Claim 1

wherein the electronic weighing and pressure converting device 2 is so
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plate 3a. The present invention in Claim4 relates to
a device as clained in daiml1l wherein the electronic
wei ghi ng and pressure converting device 2 is so 5
constructed that the nmeasurenment val ues are
conti nuously taken out of the electronic weighing and
pressure converting device 2 in the formof electric
signals and transmtted to a conputer to be converted
into differential pressures and outputted. 5 The
copstsdeted thal dheimeasurement nvalues, are santipupusiyt f@ken ooyt of the
device as clainmed in Caim4 wherein the electronic
elegiragtic weighiog pand puessure manverting devicenprinsthe farm of electric
el ectroni ¢ wei ghi ng device and a conputer which
signate and dransmitted toraconpuierioshd comverted] iatediffiersntial pressures
wei ghing device to differential pressures. 10 The
an@nﬁﬁpuﬁednventlon as clained in Cdaim6 relates to a
device as claimed in Caim1 wherein the electronic

vei 9+Hengrr] mtﬁﬁ@éﬁtﬂfrﬁ a%OE‘I%ﬁﬁé%rlg éyfnﬂag Féléhu,gp@r bl B8vice as

base 5 a supporting rovi

clélrﬁ%ﬁf lhhél grs Upggeél&tg&bg g@é §hlﬁgh%1<i;kipé§s§m egoﬁ\yertmg 2

| d
oA ﬁﬁdgﬁ%ﬁ&em meig'uﬂsr@ww R CRoraRvr N ghverts

and pressure converting 2 is so constructed that the
m%%ggme@t r 198RS AP thee elestione pweighieg boevigel ta xdifferential
to the supporting body 4 whose upper and/or | ower
presfidedr e poi nted. The present invention as clained in
Claim8 relates to a device wherein a liquid sealing
par tThe poegent singertion ag- claimped ine@laimg6| refated 1ot ar dgdce as
groove 9 20 fornmed at the inner wall face of the
claimmedr insQrém DivHersindBei slectedily weighingeid Bﬂaslshﬂélbdn%rtlng 2

filled in the sealing Iiquid storage groove 9,
has! 2 Suppeming 15 5 Hh which a supporting body 4 is provided so that the
pressure receiving plate 3 is supported by and fixed to the supporting body 4.
The present invention as claimed in Claim 7 relates to a device as
claimed in Claim 1 wherein the electronic weighing and pressure converting 2 is
so constructed that the pressure receiving plate 3 is supported by and fixed to
the supporting body 4 whose upper and/or lower ends are pointed.
The present invention as claimed in Claim 8 relates to a device wherein a
liquid sealing part R comprises a ring-shaped sealing liquid storage groove 9
formed at the inner wall face of the inner space of the device body 1, a sealing
liquid 6 filled in the sealing liquid storage groove 9, and the ring-shaped sealing
wall 3b extending downwardly from the periphery of the pressure receiving plate

a lower end of which is inserted into the sealing liquid 6 from above.

The present invention as claimed in Claim 9 relates to a device as
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wal | 3b extending downwardly fromthe periphery of the

pressure receiving plate a |lower end of which is

inserted into the sealing liquid 6 from above. The

present invention as clainmed in Claim9 relates to a

device as clainmed in Claim8 wherein the liquid

sealing part Ris surface-treated so that wuniform

mettability is secured entirely or partly on the

i qui d ontactrng part. The present invention as

C'%F‘%dn’@d |aimc8 avhareln thei liguid Sﬁé“%ﬂr part; Rds pusieiceiteaated so that

differential pressure neasuring device wherein the
ungfermorettabilily issecured entitaly ob padlyyori thesliquid cantaicting part.

space inside, a pressure receiving plate 3 which is

| nstTid préesent inventiomes clgimed infcldife10 esatss foosly ultraap@cision

divides the said inner space hernetically into a

differentialspraesuré ARdsafing RIRYTceSWRBRRIS thé ePlRCSABlises X device
wei ghing and pressure converting device 2 insta

bodysH %\)irgtf% M szb?%% AQidei L Bré%%re %Sérgh‘rrgaﬁlgte 3 which is

receivin supported secure

Y SeI0E AT r OA bh PBH trmon

nner wal | of the devige bo
heﬁ’@%ﬁﬁ%‘ RS B1PREE P8 At o HEPPE3RACS fioa’ SickMIG welghing
p er s ace 8 wherein the differential pressure
FRE8Y eacqn\'@g%rw deviceiinstalled{asidg the ls\psr:%papeam which the
pressure P2 inside the |ower space 7 is neasured by
presfurereegivingiptatad) igtsupgoetad apdeesures, @ndweedividing filrs 10 which
device 2 via the pressure receiving plate |I The

is prexdded in ras spaceo betweed shenolderr périphesy tof the sresswreaeceiving
claimed in CAaim 10 wherein the device body 1 is so

platerGanddhesr whkface bPWRY dedté Bodgy1 tét keBp @Nr-Higtinsss Beﬁveen
pressure introducing hole 7a in comunication with t

thé QWér spBBe 7 7arﬁﬁﬂ1é“ﬂrpb@9@pa@ér3 M?é’r)élﬂ tl*\’e RAiPareARS pressure

a pressure introducing hole

oS3 7, P B YOS, 3858 g
ro\ﬁéPé’a’&e?"? ré ?né s'ru'r"ggI byr}he ?e&r%n(:fé e?él’irirqa &t p)rfeswr% converting
device 2 via the pressure receiving plate 3.

The present invention in Claim 11 relates to a device as claimed in Claim
10 wherein the device body 1 is so constructed that a lower part body 1a
provided with a pressure introducing hole 7a in communication with the lower
space 7 and an upper part body 1b provided with a pressure introducing hole 8a
in communication with the upper space 8 are placed opposite to each other and
combined; and a fitting groove 3d is formed on the outer periphery of the
pressure receiving plate 3 at a right angle relative thereto so that the inner

periphery of the dividing film 10 is inserted into the fitting groove 3d while a fitting

groove 1d is formed on the inner wall face of the device body 1 at a right angle
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pressure receiving plate 3 at a right angle relative
thereto so that the inner periphery of the dividing
film10 is inserted into the fitting groove 3d while a
fitting groove 1d is fornmed on the inner wall face of
the device body 1 at a right angle 7 relative thereto
and at the position as high as the position of the
afore-nmentioned fitting groove 3d so that the outer
eriphery of the dividing film210 is inserted into _
relafjue Fri'Q"?{Ch@n% abhepositionras: higheascthe nasition ofdhe afore-mentioned
clainmed in Aaim12 relates to a device as 5 clai ned
fiting anogven3tosanthat $henoutee peripheryraf the dividiogifiim 0 is inserted into
bri mshaped dividing film forned of a resin filmor a
the fittimgrgrbale fildl m and an outer peripheral part of the
said dividing film210 and an i nner peripheral part

t hermef prasenbanveritiohabs Yelaiffey e CIai 012 tdiatdsi td laNdevice as
groove 1 d of the device body and the fitting groove

clatthedf int ORIA RS WhEFein 'tRE %’i\@iﬂg fﬂlTaW i af&ﬁﬂ%%%'gég'dividﬂﬁ film
The present iInvention in CCafFm 13 relates to evi ce
. - . r i : I .
offin? o2 ¢k o & i Sy BB MR s
BN s B R et o el ¥ o
g S SR AR Wi st s
claimed in Claim 15 10 wherein the electronic
reoRiviggiplateahtespestively.e converting 2 conprises an
el ectroni ¢ wei ghing device and a conputer which

conVidnet present ingestioreime@laimsidgredates toa dévicech claimed én Claim
wei ghi ng device into the differential pressure and

100mhenéin thee rmeasurerrient Vg tare NESMnUOUsiyN ta4ked But from the
relates to a device as clainmed in daim 20 10 wherein

eléctiohd WeligMeig P predsure’ OHvERthg® BedicBa® §n Ih8MforMCof gleatric
el ectronic Wweighing and pressure converting device

sigrfald, itd ddHvePeBt8 YRE diffr&hid pred¥ifd By3 computer and outputted.

The present invention in Claim 14 relates to a device as claimed in Claim
10 wherein the electronic weighing and pressure converting 2 comprises an
electronic weighing device and a computer which converts the measurement
signal from the electronic weighing device into the differential pressure and
outputs the same.

The present invention in Claim 15 relates to a device as claimed in Claim
10 wherein a supporting body 4 is provided on a base 5 on the electronic
weighing and pressure converting device 2 so that the pressure receiving plate 3
is supported by and fixed to the supporting body 4.

The present invention in Claim 16 relates to a device as claimed in Claim

10 wherein the electronic weighing and pressure converting device 2 is so
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IS supported by and fixed to the supporting body 4.
The present invention in Claiml1l6 relates to a device
as claimed in Caim 10 wherein the electronic
wei ghi ng and pressure converting device 2 is so 8
constructed that the pressure receiving plate 3 is
supported and fixed by the supporting body 4 whose
upper ends or |lower ends or both are pointed. Effects
the | on According to the ultra-precision
Conﬁt!\e'%tee tl'n*aten'&tnr%ﬁsw deseiviagnilata, 8 isgsupparted; aed ifixed by the
accordance with the present invention, the pressure
suppeding; bagdyd whese upper aade or lowarcnds cmbaih @6 pointed.
formed by the sealing liquid 6 because there is no
Effectooftbednventfonip and down novenents of the pressure
receiving plate 3. Although the heights of the liquid

| evélczording o seslultrarprécision MickbidifferefidE préséire measuring
ri ng-shaped Iiquid surfaces differ depending on the

de@lc%flﬁfa%ﬁbfo@inc@rvﬂﬁﬂhb%rég’ent]iﬁvéiﬂb‘l’@g% *ﬂé%sﬂfeer%ﬁlélfv%qq%ltate 3is

spaces , as wl be explain ater

S Sy W b rr
et 5 B o b

b

o 8RS e SR RSl BTRES Bl om

such that a force that acts on the pressure receiving
twoIringeshaned ligwd subarascdifiacdersndiag andhe differentialipsessure AP
i nduced. However, precision of the neasuring of the
be@Ne$@rtbetﬂ>r&lssmeespaC® i7sandt 8, asfwillt bel dyqdained later, it is not
force is counterbal anced between the ring-shaped
mandatory thakthel sreat Athend A2 iofl thealiglid Barfacés slhsuld hecthtwame.
liquid faces). 20 Wth the present invention, the

el e yrpRrorE | iihthedeviil tﬁéteﬁ%léﬁ’apé%ﬂ‘ﬂﬁ’é tig0@ Q?r’féééecﬁanges
is installed inside the | ower space 7 in the device

duOfd a Imicro-change of the differential pressure AP between the pressure

spaces 7 and 8, a change of the meniscus formed by the sealing liquid 6 is
caused such that a force that acts on the pressure receiving plate 3 in the
upward and downward directions is induced.

However, precision of the measuring of the differential pressure is not
affected because the force is counterbalanced between the ring-shaped liquid
levels of the inside and the outside (the two liquid faces).

With the present invention, the electronic weighing and pressure
converting device 2 is installed inside the lower space 7 in the device body 1,
and the inside of the device body is divided hermetically into the lower space 7
and the upper space 8 by the pressure receiving plate 3 and the liquid sealing

part R at the periphery of the pressure receiving plate 3. Further, the force
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and the inside of the device body is divided

hernetically into the | ower space 7 and the upper

space 8 by the pressure receiving plate 3 and the

liquid sealing part R at the periphery of the

pressure receiving plate 3. Further, the force 9

applied by the differential pressure between the

spaces 7 and 8 on the afore-nentioned pressure

r?cgivin plate 3 is continuously nmeasured with the
applied: byrine diffesential pregsuies between dhecspacep devande 820n the

and converted into the differential pressure and
afergrpentioned pressure deeeivingt plates Bds taontinaousipimeadured with the

result, the force exerted by the differential pressure
eléctratiic twa:igbing tareh prassues convertingadendde aniandvedrgieirted into the

and pressure converting device 2 through the pressure

differentiali presfuratahdBolitputed fmtheYorm| st ¢hé elictric\sigalksng and
pressure converting device 2. Because there exists no

mec paniaC pdsy i, | thk! fHPcé’aef])Ierﬂgﬁf Pgethet HifRPERtRR Sﬁ@sét%t s Qlrectly

the force exérted by t rentral pres

eBlsfiel 851 oiRb RS PBG! L Bleshie EleBbbethe 2  hrough
roni hi ILess nverting device

thiRootE reﬁ?wmnl‘aﬂﬁifﬁrém e gl et sy pressure
cho& ous hi gh-precision neasurenent of

COPNETRBLAGUER t o BaRtES (IPEs: SHBES RRWMAGhaRFACHIhen part in the
figures of three digits or nore becones possible with

tf&rﬁm%ﬁlem soyecefi top daras exestad by thediffesentied presstiser precision of
nmeasuri ng device in accordance with the present

thé nmeasudng 6brtheexiffepémtiali predsere aise rerhatkablye! imqiroved.c By
wei ghi ng and pressure converting device 2 having a

enployinyg ntheealeoirenie nveighinacany préssur80stkiierting: ABVICBUR With the
hi gh- preci si on neasurenent of the differenti al

miRrAgHUhBafirehitmt vapa&itycad é‘uﬁ’féﬂl’gf cﬁosér?‘ﬁ é’dl"Elﬁ[lSG'S high-precision

nanonet er order becones possi b

Iy 195 M AL 49 B o e
digits?'8r dni78! bOGREL L pRditsie’ Mtﬁl B Uitrh préd€ion micro-differential

pressure measuring device in accordance with the present invention. For
example, in the case of the electronic weighing and pressure converting device 2
having a minimum measurement capacity of 0.0001g, a continuous
high-precision measurement of the differential pressure of the water column of a
few hundred nanometer order becomes possible.

Any kind of liquid can be used as the sealing liquid because the density of
the sealing liquid 6 which forms the liquid sealing part R is irrelevant to the
measurement of the differential pressure.

As a result, the manufacturing costs are significantly reduced because the

selection of the sealing liquid is easy and the structure of the measuring device
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measurenent of the differential pressure. As a result,

the manufacturing costs are significantly reduced

because the selection of the sealing liquid is easy

and the structure of the neasuring device 10 itself is

sinmple. Furthernore, wth the ultra-precision

differential pressure neasuring device in accordance

with the present invention, since the dividing film 10

is nade of a flexible thin film a force in the
itsgffi@pRIed downward directions 5 applied on the

pressure receiving plate 3 is not induced by the

i nsdrurthenmore,t with diheri wiiragprécisionl differentialh préssureé nmeasuring

groove 1d of the device body 1 and the fitting groove
de¥iteoin abeordanss with ther presemy iWetition3 sirlde théddividing film 10 is

because the formor weight of the pressure receiving

madétof B flexibidthinstilm,t$ foReein tHe uF%?d(%?rﬂsdQWnWB?d)Qhr’e%tlons
irrel evant to the neasurenment of 10 differenti al

applied i the pre8siR Ferdefi) F«it& @EsﬁotQﬁdt?éWS ? etlﬁ?ertlon of the

pressure recel ving pla can be chosen a

[ [
cidhg i 10Ty "B At 9&%&%?4 PL B S Pééf Jy@na the fiting
neasyr,i device. Wth.the copventi onal dlfferenti al
grgpgesg E%P'FEBWPF?Q FEEENING P Iag tandard instrument and
the |like has been required for correction or test.
Fur tR@dditign, besausze the fosmcalr welghbobihe presarer iceivinplate 3
pressure has been needed at the tinme of the test.
thaloige {te imaterial, dhickeesmeor ahape issktalevant de dhe mpeasurement of the
accordance with the present invention is extrenely
differeatialopressurei, the hetetiale thicknesst oroshapedot thet pressurebeceiving
performed easily requiring no differential pressure

piatechar be closén aedesited;ahuy firevdr thkihgﬁt dbééil@léetﬁtrbahce the
pressure (pressure) can be used instea

mARSTAEIUAREY @ﬁ@/@f thehAfereREa P re58018 Hhe&suriny Gé\ﬁ | e of

continuously neasuring the mcro-differentia

P eSRth thdcbAvaitihal bftferSAtl pPEkrO MUY device, a standard
instrument and the like has been required for correction or test. Further, an
actual occurrence of the differential pressure has been needed at the time of the
test. However, the differential pressure measuring device in accordance with
the present invention is extremely advantageous in that the correction and test
can be performed easily requiring no differential pressure because a dead
weight equivalent to the differential pressure (pressure) can be used instead.

As described above, the present invention is capable of continuously

measuring the micro-differential pressure with high precision and continuously
outputting the measurement values in the form of electric signals using the

device which has a simple construction and can be produced at a low cost.

Therefore, the present invention has excellent, practical advantages.
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out putting the nmeasurenent values in the form of
el ectric signals using the device which has a sinple
construction and can be produced at a | ow cost.
Therefore, the present invention has excellent,
practical advantages. 11 Brief Description of the
Drawi ngs Figure 1 is a cross-sectional schematic view
of the ultra-precision mcro-differential neasuring
deV|ce in accordance with the first enbodi nment of the
d DR € gnfisgure 2 is a cross-sectiona
schematic view of the ultra- preci sion

i cridgutief feriena | erlossastivnal gsclssthatic i viewc oprteianaitraspideision
anot her enbodi rent of the present invention. Figure 3

micfo-diffdr&stial TREAS LAY deNiVid Actbidanke atith tHEEfirst @i‘ﬁb&flment of
the ring-shaped Iliquid sealing part Rat the t

thé\':';‘)?é‘séﬁt ,ﬁ\gngghl al pressure is zero. 10 Figure 4 |s a

0SS sectlonal viewto illustrate the state of the

rin q [
thor R & &5 o r¥iePaRErtp, BRidphe FY”%w of gt ilira-precision
cro sectional schenmat.ic.view of an u eci
mieARfeEaial Pharalter dovies i eerenents wiit aaliet rvmcﬂment of
the second enbodi nent of the present invention. 15
thepgegantenventionparti al Iy enl arged cross-sectional view
toillustrate the state of the upper and | ower space
par tRigureod ks @ grass-sentional vigwrtg illustrate thes staté ofHfecringrsbaped
Characters and Nunerals 1 Device body 20 | a Lower
lignid sedlindypari. Rbatlthe ¢éimepwhen iffgrential préssure gy zgrooove

Figure 4 is a cross-sectional view to illustrate the state of the ring-shaped
liquid sealing part at the time when there exists differential pressure.

Figure 5 is a cross-sectional schematic view of an ultra-precision
differential pressure measurement in accordance with the second embodiment
of the present invention.

Figure 6 is a partially enlarged cross-sectional view to illustrate the state of the

upper and lower space parts isolated by the dividing film.

List of Reference Characters and Numerals

1  Device body

1a Lower part body

1b  Upper part body

1d Fitting groove

2 Electronic weighing and pressure converting device

3  Pressure receiving plate

12
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2 El ectronic weighing and pressure converting device
3 Pressure receiving plate 12 3a Fl at-shaped di sc
plate 3b Sealing wall 3c Receiving groove 3d Fitting
groove 5 4 Supporting body 4a Pointed end 5 Base for
supporting body 6 Sealing liquid 7 Lower space 10 7a
Pressure introducing hole 8 Upper space 8a Pressure
i ntroducing hole 9 Sealing |liquid storage groove R

Ri ng-shaped |i qui d-sealing part (Sealing wall 3b,

Seal i3ag Flagshaped disg plateé St or age groove 9) Al Area of
outer ring-shaped part A2 Area of inner ring-shaped
part 361 Bealingowallpper surface of pressure receiving
plate S2 Area of |ower surface of pressure receivVing
pl at 8c 2Re&sivingfgreblere pressure receiving area De

Ef fective dianeter p Density of sealing liquid

3d Fitting groove

4  Supporting body

4a Pointed end

5 Base for supporting body
6 Sealing liquid

7  Lower space

7a Pressure introducing hole
8 Upper space

8a Pressure introducing hole

9 Sealing liquid storage groove

R Ring-shaped liquid-sealing part (Sealing wall 3b, Sealing liquid 6

and Storage groove 9)
A1 Area of outer ring-shaped part
A2  Area of inner ring-shaped part
S1 Area of upper surface of pressure receiving plate
S2 Area of lower surface of pressure receiving plate
Se Effective pressure receiving area
De Effective diameter
0 Density of sealing liquid

g Gravitational acceleration

Po Pressure inside upper and lower spaces shown when differential

13



10

15

20

g Gravitational acceleration Po Pressure inside upper
and | ower spaces shown when differential 13 pressure
is zero hbo D stance between | ower end surface of
sealing wall 3b and liquid |Ievel shown when
differential pressure is zero Pbo Liquid pressure at
position of |ower end surface of sealing wall 3b 5
shown when differential pressure is zero Pl Pressure

i nsi de upper space 8 P2 Pressure inside |ower space 7
hb Di st ancBrasstie$nzerewer end face of sealing wall 3b
and liquid Ievel of outer ring-shaped part shown when
t her &bexi stRistansedbétiveepntawser end: sturfaeehof Bealiranell 3b and
between liquid |l evel of outer ring-shaped part shown

when t her eliguiddével dhbvarveinén alffepsretis pressarelid 2étgi d
| evel shown when differential pressure is zero h2

Di st @ee beburatebsdrei posiidh d?'ioWé\]{kfeﬂd St Mng wall 3b

part shown 15 when there exists differential press

ero pb Li oonRwiEtiReretta pEs R S8, B “Seal i ng
10 ohi di ne Pr e RS EPBRERMESS "o cosur e recel ving
b1 ac B23 anfiesiEe e WS Bap § oner part body 1 A
hb Distance between lower end face of sealing wall 3b and liquid
level of outer ring-shaped part shown when there exists
differential pressure
h1 Distance between liquid level of outer ring-shaped part shown
when there exists differential pressure and liquid level shown
when differential pressure is zero
h2 Distance between liquid level of inner ring-shaped part shown
when there exists differential pressure and liquid level shown
when differential pressure is zero
Pb Liquid pressure at lower end face of sealing wall 3b shown when
there exists differential pressure
10 Dividing film
D Diameter of pressure receiving plate

0 Space between end face of pressure receiving plate 3 and inner

wall face of lower part body 1a

Best Mode of Carrying Out the Invention

The following embodiments of the present invention are described with
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Best Mbde of Carrying Qut the Invention The foll ow ng
enbodi nents of the present invention are descri bed
with 14 reference to the drawi ngs hereunder. Figure 1
IS a cross-sectional schematic view of an
ultra-precision mcro-differential pressure nmeasuring
device in accordance with the present invention. Wth
reference to Figure 1, 1 designates a device body, 2
an 5 el ctroni c_wei ghing and pressure converting
refpsgnea:to thedrpwingsiherepadei ving plate, 4 a supporting
body, 5 a base for the el ectronic weighing and
preddgure Icdsvar ciosg-seéetiona, sehematia giew iafigahi gltiadprecision
The af ore-nentioned device body 1 is made of netal or
migro-diffgrerstial i pressureantsasuring tdevich apacebrdaneexwith thei pfesent
an i nner space is provided. Wth the 10 present
iniIntiedli MaNith fdfereRoyi e FRfy 1, 1S dB% f davi
part body 1 a and an upggﬁ par t ggggﬁ?gﬁhﬁigﬁwgggﬁﬁdm 2 an

el@®tdHi€ Weﬁ?ﬁnﬁ? 'Shﬁ Pres§ite Qo@&?ﬁfn{gﬁdé&@% ?ééll @E%su}f% 9&ldiihg plate,

In an a { ‘manner.

Ej <t h r part._ bpdy.la _and upper .part bqd
4 1, YWhPorirer BorS ¥ & BebenBBLtit” SRisMEY SeibRing and“Bressure
confi qguyration ar | aced,. 15 opposite to each other
cogmrtlgﬁr -%Vi'cgfmalna iﬁﬁﬁﬁﬁ%"g‘ﬂ that the device body 1 is
f or med. wever, there is no need to say that any form
or ﬁ\eue [g-Bnefitiongd devica bedyddis made ofifaetahos @n ergineering
desired. The afore-nentioned |ower part body la is
plastisvingthe shape af @ bex im avhithhtanoihner rspabelie pravided. With the
communi cation with the | ower space 7 while the upper

presert enitodiment,| the idevipedbodiet! isvrtadeaupofa sower part body 1a and
i ntroduci ng hole 8a in communication with the upper

angmreﬁmgggsd?-1 ﬁf"ﬁg%ﬁ;@gg@?ﬁ?gg‘g # e48h loti¥ér 4t combined
together in an air-tight manner.

With the embodiment in Figure1, the lower part body 1a and upper part
body 1b which are both disk-shaped in the plane configuration are placed
opposite to each other and air-tightly combined so that the device body 1 is
formed. However, there is no need to say that any form or structure of the
device body 1 can be chosen as desired.

The afore-mentioned lower part body 1a is provided with a pressure
introducing hole 7a in communication with the lower space 7 while the upper part
body 1b is provided with a pressure introducing hole 8a in communication with
the upper inner space 8.

At the inner peripheral wall of the device body 1 a ring-shaped storage

groove 9 for storing a sealing liquid 6 which has predetermined width and depth

is formed and is open in the upward direction. The sealing liquid 6 is stored
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groove 9 for storing a sealing liquid 6 which has
predeterm ned width and depth is forned and is open
in the upward direction. The sealing liquid 6 is
stored 15 inside the said storage groove 9. Wth the
enmbodi nent in Figure 1, the storage groove 9 is forned
at the upper part of the inner peripheral wall face
of the | ower part body |la. However, the storage
groove 9 can be fornmed at the inner peripheral wal
|n$'§@éh%$a|ﬂrﬁé0flﬂg|§egf00‘5€ Part body 1 b instead as
illustrated in Figure 3 and Figure 4. The
af o/Withnthe ieonteatiimieat i Biguce vie itheh istayage dirpoves 9us dormed at the
converting device 2 is installed inside the pressure

uppeapart@f tee inreir periphbml walldace phtR [dwer pbhfbodym/@f However,
part body 1 a), and supported by and fixed to'the

thé QV&ﬁég@ afdoverslkan be folthéd at M&nﬁ&ﬂbé%a?%&%fd&%ﬁhe upper

wei ghrng and pressure converting device

o8B T8 shad a8 Hstiatdy G 9 a8 Figireth] 2 ComPUt €l
rtedl to a differenti
or edlie %bgeiﬁt&fﬁ\?ﬁ%ﬂﬁ?%& 3¢ fheidtife AndskessiRicoRverting device
el ec h| n device is om ttea here, because it
2 Is '“ﬁf?é'ﬁadl‘?' ?%Ufﬁe%PﬁﬁeeO% anecside dthe innensparce 7 of the
pressure AP to 15 be neasured in the range of the
lowgr Rart bedyi i) Andsurperiad-ly and fixed tether lovied partkodyntp,

effective figures of three digits, the electronic
wei giengfore-mentionadieiecttanic weighingiandipsessureaonverting device
approximately 0.0001g is used as described hereunder.

2 ¢wyprisiésign tehectramic weighimgesvieswnd & epaputer, byywhich the weight
suitable for the maxinum differential pressure to be

valafsomefe efettinicWeRMihg dévivé IstdivertBaesterd differential pressure
enbodi nent, one of the AND-made HX series with an

an@hﬁﬁf)ﬁ@éw.c even bal ance HX-100 having the m ni num
di splay of 0.0001g and the maxi num nmeasur enent

Cange 4k¥aidl dkiptisn Th8Yeidett SHic Wisigith§ dvitd & omitted here

because it is publicly known. To measure a micro-differential pressure AP to
be measured in the range of the water column of a few hundred nanometer order
having effective figures of three digits, the electronic weighing device having the
minimum display of approximately 0.0001g is used as described hereunder.
Regarding the maximum measurement capacity, one suitable for the maximum
differential pressure to be measured can be chosen.

With the present embodiment, one of the AND-made HX series with an
electronic even balance HX-100 having the minimum display of 0.0001g and the
maximum measurement capacity of 101g is employed for the electronic
weighing device.

The afore-mentioned pressure receiving plate 3 is made of a plastic
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wei ghi ng device. The afore-nmentioned pressure
receiving plate 3 is nade of a plastic 16 material and
formed in an inverted di sh-shape by processing the
plastic material. A sealing wall 3b extends in the
downward direction at a right angle dowmward fromthe
outer periphery of a flat-plate-shaped circular disc
3a. The pressure receiving plate 3 can be made of not
onliy I ?tic materials but also netal 5 materials.
MEHGE a&%@ ymessinan inveded dish-shapedepliosensing tie plistiy material.
supported by and fixed to the base 5 of the
A gealing waill Sbwexighia dn #ieidpwowand directioreat amighd @ngteeddwnward
via the supporting body 4 with the sealing wall 3b at
frarhdhe wiuter penip herg rof dftatylatersieapeticirculaodisée3 eafid Bressure
liquid 6 in the storage groove 9 as illustrated in
re€eigimgeplate 8 ltan1be thadle tdfendt oA sfi6 Gfhid t
isg'r?gvgr all oned to nove up andﬁlgg\%n.chrﬁthﬁr%e@g?eagseﬁtmetal
matehal nent, the pressure receiving plate 3 is forned
of 2mmthick plastic, and its dianeter Dis chosen to

fit ' lues of the '
ai e st g ey B Rige L R ioRlalh Rmpertediy and fived
| hed . her der. 15 Furthernore, the ) )
to T PGS i 10 B P Ll B LA, PPosure R esting devive 2via the
the shape of a cylinder or a circular truncated cone,
SUQRB”!“Q?% A wyithy %e WAIrevalbsl By thr evtes pediphendbeing dnserted
. the external dinensions of the device body 1. The
intg thpciaaling liswid, 64ndhe steragadgroove £has iltustrated in Riguine 1 such
the present enbodi nent, the supporting body 4 is nade

thatfthe paessuramecaiving plate 3 issne2@r aillpwed to repvieasty add idewnot
limted to a cylinder or a circular truncated cone.

For Witk #ipprasent emddiment, Hespridgutefedaiing P@t@@i i8¥6tmed of
and the like such as a trapezoid a rectangle, a

2nerALAicR phastict BAA litk farhBtelr TPisiHOReM 16 Yit the maximum and minimum

values of the differential pressure AP to be measured as will be explained

hereunder.

Furthermore, the afore-mentioned supporting body 4 is made of metal in
the shape of a cylinder or a circular truncated cone, and its height is
appropriately decided depending on the external dimensions of the device body
1. The supporting body 4 can be made of any material. With the present
embodiment, the supporting body 4 is made of brass. The shape of the
supporting body 4 is not limited to a cylinder or a circular truncated cone. For
example, it can be a rectangular parallelepiped and the like such as a trapezoid
a rectangle, a square and the like in the side view.

The storage height of the afore-mentioned sealing liquid 6 can be

appropriately decided depending on the level of the differential pressure AP to
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The storage height of the afore-nentioned sealing
liquid 6 can be appropriately decided dependi ng on
the level of the differential pressure AP to 17 be
nmeasured as stated hereinafter. The wei ght neasurenent
operation can be so effected that the density of the
sealing liquid 6 is not directly related to the
downward thrust Fa applied on the electronic weighing
and pressure converting device 2 by the differential 5
beyneasguies iﬁfﬁ&ﬁ%bem@‘(gﬂfed. Hence, any kind of Iiquid
(such as water, oil and the like, for exanple) can be
us ed eoweighé mes=surergent operatién ciih thie sdeffected aindt the density of
enbodi nent, silicon oil is utilized for the sealing
theé isalin fiquidst &pner diréctiyelitedte tle dopwarg itHiisPFat dsplied on
device body 1 is hernetically divided into a | owner
thé rohic 'wéi nhAat( et ' | Bt & -
D Y 2 d hesslle SRS s 2.0 18! dfprontia

préssUrESAYP f Bé‘Hé%‘gHFéc{‘.Q IIP@@& Sy ind gﬁlcfblflcg gﬁ% \&8@?,%" and

pressure receiving plate 3 and’the Sea

’ e ' i ahi n essure.convert,
the He,, ErSStArPE oA 65 e THE o S3INE GO B Bth thacpresent
force F. carrespondi, the pressyre difference
enflqgirﬂem@%g@n Cﬁ@ﬁ “A!Eg%éz?%tgﬁﬁgam dfhe spaces 7 and
8 applied on the pressure 15 receiving plate 3 is
contiShaeRament ikhigured, dhe tingide of dhe (deyiceobody Weis grermgtically
and pressure converting device 2, and the wei ght
divided #¥o @slomeispace 7ainecaromugiaation with alpressuredntodiucihg hole
pressures by the conmputer and outputted as electric

7asanghahsippeospace 8uslcomrhiugicatio? with & peesstise frtfddueiiy hole 8a
schematic view of the ultra-precision 20

byrthe laforéirhkatiendd plesBuRSRCeRiNF PRt BRmdAR¥Iselling liquid 6. The
accordance with the second enbodi nent of the present

RS W B B SR B86Eo 2 AR ide o over
sphtd ¥5! TRk38rdeF tBffesponding to the pressure difference AP=P1—P2>0
(or AP=P2—P1>0) between the spaces 7 and 8 applied on the pressure
receiving plate 3 is continuously measured by the said electronic weighing and
pressure converting device 2, and the weight values as measured are converted
to the differential pressures by the computer and outputted as electric signals
continuously.

Figure 2 is a cross-sectional schematic view of the ultra-precision
micro-differential pressure measuring device in accordance with the second
embodiment of the present invention. The device in accordance with second
embodiment is the same as the first embodiment illustrated in the

afore-mentioned Figure 1 except for the following, i.e. (1) the upper part body 1b

and the lower part body 1a are hermetically coupled without using flanges, (2)
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afore-nentioned Figure 1 except for the follow ng,
i.e. (1) the upper part body 1 b and the | ower part
body 1 a are hernetically coupl ed w thout using
flanges, (2) 18 ends of the supporting body 4 are
poi nted, and (3) the el ectronic weighing and pressure
converting device 2 is not equipped wth the base.
Except for these differences, all the other
constructions of the device are identical to those of
endseof the\supportingabedy daareepainted, ahd (B) tha electrodicrweighirfy and
Nanel y, the upper end of the afore-nentioned
presgyrer convgrtingl dedices? iis1 nohequippedt with ¢hel baisap Exdept fordthese
the pointed end 4a is engaged in the receiving groove

differehoegrall e dther tomgtrudtivns of sk devbick e R&HRY( ® those of the
receiving plate 3 so that the |lateral novenent of the

déw'i&sm&owérﬁie;«kmtr@ ﬁﬂs@eﬁmddﬂg@gﬁwem ed. The shape

and nunber of e supporting y 4 can be chosen as

desi e - LV] | ate 3.
e JNleR e erd i thp rSle R UGt SOt BBl in the
nly.the upper _en art. of th supporting .body 4
pefitefrpi Rl RE a7 dnBoP it i i Rened ip e feceiving
ossibl.e that both the upper and | ower end parts are
gfgﬂVQ RE f%‘i“?fr gq the, lowardaee sidg afiiae RpRssureseqeiving plate 3 so that
enbodi ment in Figure 2, the el ectronic weighing 15
the dafepal @g@tﬁr@er@taf&m presgusrteasiving plate 3ds prevemtedsi te shape
the | ower space 7. However, the electronic weighing

argholumbes ofithe supparting bgdyiel cae b2 dhosensdsadésired as Idriteas the
upper space 8 and faces in the downward direction

pressure rebeivinggriate Bis sevteelyisuppptede 3 is suspended and
fi xed by way of the supporting body 4. \Wen the

ConspyitHCiHeO RmBodiieRt 8 Figurdi Zhohfie tie e
receiving plate 3 is 20 s'l?gpendeg or sﬁg@cﬁrt ,enctjh%art of the

sl 66 15 ISV UE A OngLibe HouRlE) G bossive
thétgt\?/?tggﬁéﬁ.l'b%i' 8n&“‘?A\9éP iy pgﬁg afd %St%%rpeoin 88Ve%5:lt:-l.hn e.

Furthermore, with the embodiment in Figure 2, the electronic weighing
and pressure converting device 2 is installed inside the lower space 7.
However, the electronic weighing and pressure converting device 2 is installed in
the upper space 8 and faces in the downward direction while the pressure
receiving plate 3 is suspended and fixed by way of the supporting body 4.
When the construction is adopted in which the pressure receiving plate 3 is
suspended for support, the weight of the pressure receiving plate 3 is included
and considered when determining the offset amount of the electronic weighing
and pressure converting device 2.

Next, the principle of the operation of the ultra-precision micro-differential

pressure measuring device in accordance with the present invention is
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Next, the principle of the operation of the
ultra-precision mcro-differential pressure neasuring
device in accordance with the present invention is 19
described. Figure 3 and Figure 4 are expl anatory
draw ngs relating to the differential pressure AP
applied on the el ectronic weighing and pressure
converting device 2 in the ultra-precision
mcro-differential pressure neasuring device in 5
descobedance with the present invention illustrated in
Figure 1. Figure 3 shows the state of the ring-shaped

|'i qutigueedlanddrigaviet 4 Bre explana®ay drawings reldin@to thedifferential
pressure receiving plate 3 and the sealing lTtquid 6

e8surde AP apphicd 88 thelerReHBnid) - -
prd| fferenti aP pressure AP B&"&%gﬁm he%%ﬁ?p%ocngeglnag device

2t e thprFt"ra iPﬁﬁpe 'n?icn%egiﬂ‘%é:dtﬂﬁ”ﬁre%sﬁart ﬁtagﬁnrj%a V\Ewge in

e ring-s seal

aq‘ggfdv\ag\ec%xwﬁﬁstpé\l}gegé fﬁ\éeeﬂ} ognnilgugtﬁilgaﬁbjﬂggﬁai Eigure 3 shows
Referrl n . 4, S1 desi tes
tng 5180 the e sRapsd ol s8ing AR Ltne sealigetia b of the
late 3, S2 an area of the | ower face of the pressure
prgm&neﬁawmgaﬁl@t%3 gndathgesealing liguid Adnsidethe gtarageigioove 9)
ravi tational 15 acceleration, Al an area of the
Sh@wew%enribesﬁﬁg'@otipbpneseﬂret IzCePrbetyeehathedoW'eqspdce 7 and the
sealing part R A2 an area of the inner ring-shaped

upper tspaicet Beisrzerg- sFigued 4 ishowd thee tdte pofpthet rifg- sﬁ@ped liquid
pressures inside the upper and |ower spaces 7 and

sealiagrpartieshbid dhehetherd iexist® 'tRE Sdifférential QF&SUP@CP@— P2>0
di stance between the lower end face of the sealing

bet@bbn e Ri%r@b%cb'?%‘hcftl{eem? dcBg sealing liquid 6.

Then, the 20 sealing |1 qul ssure at the | ower end

Tgcexpr es@eaaﬁﬁd Eguﬁé‘{jia ﬁgnﬁ'ageggpgqaéé%&h%%g%gre% of the
U@%g%pgfrtﬁg%urgs@e réé‘e.&.ﬂ& at er\lst, §2h aén E’:\Peea 8{ tﬁe?ower f%ce of the

pressure receiving plate 3, o a density of the sealing liquid 6, g gravitational
acceleration, A1 an area of the outer ring-shaped part of the ring-shaped liquid
sealing part R, A2 an area of the inner ring-shaped part of the ring-shaped liquid
sealing part R, PO pressures inside the upper and lower spaces 7 and 8 shown
when the differential pressure is zero, hbo a distance between the lower end
face of the sealing wall 3b and the liquid level of the sealing liquid 6. Then, the
sealing liquid pressure at the lower end face of the sealing wall 3b in the sealing
liquid 6 is expressed by the equation, Pbo=Po+ o g hbo.

As shown in Figure 4, in the event that the pressure of the upper space 8
and pressure of the lower space 7 are P1 and P2 respectively with the differential

pressure P1—P2 (P1>P2) being caused, the liquid level of the outer ring-shaped
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and pressure of the | ower space 7 are Pi and P2
respectively with the differential pressure P1 - P2
(P1 > P2) being caused, the liquid | evel of the outer
ri ng-shaped 20 part descends, while the liquid |evel
of the inner ring-shaped part ascends. Referring to
Figure 4, hb is a distance between the | ower end face
of the sealing wall 3b and the liquid |evel of the

outer ring-shaped part shown when there exists the
payt deseends, avhilg dke dtqe"d Hﬁval Pfathgi inngnoingsehapash parteascends.
liquid |l evel of the outer 5 ring-shaped part shown
ReirEing tedrigues# shis ist & distiaridechetweieal the lewenend fave dfithe sealing
liquid |evel shown when the differential pressure is

wale3mand 2he Kquid devel afithe dutenerg-shhped batwhdwnewkén tHere exists
the inner ring-shaped part shown when there exists the

th@idifferentiall plessirec 1Lk Aiflahdee bbt\ﬁéérfjtﬂee"%ud S]QOe‘!Y”ofV‘ﬂiH%nouter

thte differential pressure is zero

rld\?'aﬁﬁépébd%ﬁg%é\ﬁ %héﬁ‘@e‘rﬁgﬁléts:@%sc{ Hﬂ&l Oﬁl??g?%a:% fﬁe liquid

ol oM A e STl S5 AR B e

Ilqgg:{]lgygfeﬂft t'h?ﬂuﬁ’ rr%ﬁg%l%aéres’qﬁéﬁ ﬁgg %g!r?é{n begefﬁ%}sltg%giﬁerential

pre$3gt1_re_ar\dz§hepl|13wﬁi }eve)\éhg\yn.wher( mtesﬁfferengmh méagfredﬁ ze99. and
and Equation (3), the differential pressure P1 -P2 is

Peisghediguid mysgqmt.tbﬁ lquagr. errlifacedf thePsealingwall 3b shbyvn when
h2 ...... (4) 20 Also, hbo =hb + hi ...... (5) So, a

theliiefé)éstsrtbedﬁfdmemia':lmeémees exerted by the pressures
applied to the upper and |ower faces of the pressure

r ecelthé lifLid bréssude Pb #the eswedemy fddeeofithé lsedlimPwall 3b shown
when there exists the differential pressure is expressed by the following equation
(1):

Pb=Pi+p g hb=P2+p g (h1+h2+hb)...... (1)

Also, P1-P2= p g (h1+h2)..... (2)

A1h1=A2h2....(3)
So, from Equation (2) and Equation (3), the differential pressure P1—P2 is
expressed by Equation (4).

P1—P2= p g (1+A2/A1)h2...... (4)

Also, hbo=hb +h1t ...... (5)
So, a difference F between forces exerted by the pressures applied to the upper
and lower faces of the pressure receiving plate 3 is expressed by the following
equations (6)~(9).

F=81P1 — {S2P2+(S1—S82) Pb} ...... (6)
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equations (6)-(9). F =SiPi - {S2P2 + (S1 -S2) Pb)
...... (6) 21 Here, (S1-S2) is represented by 0 S =
(S1-82) ...... (7) Pb in Equation (1) is substituted
in Equation (6) to obtain Equation (8 F =S 1
P1-(S2P2 + ASPb) =SI P1 - [S2P2 + AS {P2 + p ¢
(h1l+h2+hb) 5 =SI P1 - {(S2+ OS) P2 + ASP g (hi +h2+hb)
} =S1P1 - Si P2 =S1(Pl1 - P2) ASP g (hl+h2+hb) ASP g
(hi +h2+hb) ...... (8) The second term of the above
Equdieren (3 By Sehis represented bynd &+ 651 —Eghat i.o(V)(5) to
obtain Equation (9). 10 F=S1 (P, - P2) =S1 (Pl - P2)
=S1 Ririn Equmatjon (1A&Psigbsth@tedlin iEhuation A&Ptogolithdrbipaation (8)
ASP g h2 - ASP ghbo....... (9) The third termof the
above=Eul, -8 (19) +sSASAP byounted, that is to say, the
termis zero, at the tinme of neasuring the

di ff
i ffeee@lima] prassyps byAresatsi ﬁg tE éf W bt 99 ) ]

the pressure receiving plate 3 an ectronlc

i fforcatial pretoiren STk, AP oy M The 4@504
Fa aCLL§l| IPy det§ctF¢d by tAr§peI eﬁ_t‘ g_rh VhEbghl ng and

=S1(P1—P2) — ASpg (hy+ha+hb)...... (8)
The second term of the above Equation (8) can be rewritten using

Equation (5) to obtain Equation (9).

F=84(P1—P2) — ASpg (ha+thb+hy)
=S1(P1—P2) — ASpg (hza+hbo)
=S, (P, —P,) — ASpghs; — ASp ghbo.....(9)

The third term of the above Equation (9) is not counted, that is to say, the
term is zero, at the time of measuring the differential pressure by resetting the
weight of the pressure receiving plate 3 and the electronic weighing and
pressure converting device 2 where the differential pressure is zero.
Accordingly, the force Fa actually detected by the electronic weighing and
pressure converting device 2 is expressed by Equation (10).

Fa=81(P1 — P2) — ASpgh2...... (10)

When h2 is eliminated by substituting Equation (4) in Equation (10),
Equation (11) is obtained. Equation (12) for calculating the differential pressure
P1—P2, which is ultimately needed, is obtained from Equation (11). Se in

Equation (12) is an effective pressure receiving area defined in Equation (13).
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pressure converting device 2 is expressed by Equation
(10). Fa =S1 (P1 - P2) - OSp gh2 ...... (10) 20
When h2 is elimnated by substituting Equation (4) in
Equation (10), Equation (11) is obtained. Equation
(12) for calculating the differential pressure Pl-P2,
which is ultimately needed, is obtained from Equati on
(11). Se in Equation (12) is an effective pressure
receiving area defined in Equation (13). 22 Fa=S1(P1 -
Fapz)S +(B1S( B 2) P2) A B1+HBhAD) P-SL(PL(1 PR24A 1) (AS

[S1)/ (1+A2/ Al)}....... (11) (P1 - P2) = Fal Se
...... =8 1(P12y BeaSI{ 11— ((AAS /S)/(1+A2/A)}......(11)
S/IS1)/ (1+(A2/AL))}....... (13) 5 To determ ne the

di f f(d? entiRl, )presHa £SéP1:- P2)(12nhi ch is the object of

the neasurenent, fromthe force Fa neasured by the

el e@g 218 ¢ pai GG B I RSYK S/ 0TV P LLNGdgyi ce 2

Fa is divided by the eff & ve recel Vi are e.

Th ' : ot tiGl | I
coﬁéﬁr?eﬁsﬁf’?ﬁﬁ%ﬁef?b‘@'&Qﬁéﬁé%ﬁsﬁa WHEH thp 38t of the
' [ Si ' -di ff t] 1 r
e fhletlon B0 1 GRaC B bR IOk artPoPl g an
prES TS Ganviring data, £ is ke inabaeestvsteasiing arpa Se.
the_ liquid level of the sealing |iquid 6 and the wall
f acd h§re iseo segdiat @lliaimakep A W@r%weug@mmingmw 81,
the said deformati on occurs is opposite between the
oruisparakspAee equai te APWHeh dhelegaidndtratpretisioar nigmedifférential

side (P2 side) with the result that the surface

pressure omeasweingl devie isrdesigrieel. def or mati on of the
meni scus i s conpensated, thus not resulting in the

6 R TR0 T 3010 SRR 8814 s
a Slight! 4&@rMRatidRen WRE! mbARus 1BRhEJ between the liquid level of the
sealing liquid 6 and the wall face of the sealing wall 3b. However, because the
way the said deformation occurs is opposite between the upper space 8 side (P1
side) and the lower space 7 side (P2 side) with the result that the surface tension
resulting from the deformation of the meniscus is compensated, thus not
resulting in the lowering of the measuring accuracy of the differential pressure.

If wettability is uneven due to stains and the like on the wall face, there
may be a possibility that the wetting state changes over time such that the shape
of the meniscus between the liquid surface of the sealing liquid 6, the sealing
wall 3b and the sealing liquid storage groove 9 becomes an external factor
disturbing the force Fa exerted by the differential pressure (P1—P2).

In such a case, an effective countermeasure is to apply an appropriate

treatment onto the liquid-contacting wall face in advance.
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may be a possibility that the wetting state changes
over tinme such that the shape 20 of the neniscus
between the liquid surface of the sealing |iquid 6,
the sealing wall 3b and the sealing liquid storage
groove 9 becones an external factor disturbing the
force Fa exerted by the differential pressure (P1-P2).
In such a case, an effective counterneasure is to
apply an appropriate treatnment onto the
| i quhY-statedagboyry with| thieaciltra-premisiom auicr@-diffssentialt méasuring
above, with the ultra-precision mcro-differentia
devices dhe rtifferdntialopressime (R 1-F PR oan Mo ObtaffEdr @siﬁgkqua?%h (12)
can be obtained using Equation (12) by converting the
byocomesrting théeuthecst i SlcorbeiRi WEigHMY 88vitatiRtd e differential
differential pressure by the conputer. Any kind o

pregéRei 1Y thé tahasd My kiinbeofcﬁ{été}?alﬁsﬁ?g?gﬁgf ﬁ'[)er ﬁlﬁ gan be

sealing liquid 6 and pressure sensing p
; [ d Lon_ (L i S
cHOSSA 181 R SalBigRe 4 ari B S s el 5 o i peason that
i ght, of the ssure receiyin |.ate 3. .

th 8ok Tt Lot ey S trefoyant & the Sohat vt thmgealing
. external,  di si.ons of the pressure receiving plate
I'qgldtgﬁggﬁhﬂl"‘fﬁﬁqd?f%ﬁ%%@ﬁsﬁuﬁ regeidag plate Bo neasur abl e

with the ultra-precision mcro-differential pressure

meadI@itngdenssived ihereurdgrddschen telatiore petwsemm the external
invention, and the air flow velocity indicated when
dimpasions @f theripresaure réeaidngipiterS, dhe uninimsmedifferstiabipigssure

terms of the dynamic pressure of the air flow Now,

medsurableefitretita vitragpresisionemices-eiifferastislpRass e ‘i'ﬁéééil?ﬁ‘ig%vice
Se, the 15 differential pressure AP, and the forc

n apest atne eI, 6416 04 S g
g 550, G SR i Mg i B ynamic
pr%%s&e%gthé Qi?ﬂx%l. ue of the differential pressure AP to

Now, if the effective pressure receiving area is designated Se, the
differential pressure A P, and the force applied to the electronic weighing device
F, the afore-mentioned force F can be expressed by Equation F = Se AP.

Here, assuming that the weight F as applied by the force caused by the
differential pressure AP is 0.1g, the value of the differential pressure AP to be
measured is: AP =FSe =0.1Se (3./mm ? =0.01,”Se (kg.” ¢ rf) =0.01 x
10 *,/Se (mmAg) = 100,/ Se (mmAq)

If the velocity of the air flow at the room temperature and normal
atmospheric pressure having the dynamic pressure corresponding to the above

mentioned differential pressure AP is designated u (m,s),

The following equation is obtained:
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nmeasured is: AP=F/ Se=0.1/Se (g/MM 2) = 0.01/Se (kg/ c
M) =0.01 x 20 104/ Se (nmmAq) = 100/ Se (mmAq) If the
velocity of the air flow at the roomtenperature and
normal atnospheric pressure having the dynam c
pressure corresponding to the above nentioned
differential pressure AP is designated u (nfs), The
foll owi ng equation is obtained: 24 AP = p u 2/2g =

1. 25/ 1900) U2 /2g = 0.06378 u 2 (mMmAq) Wen the

£f erlei2g1= pt.288 8110900 uP ' 8g ca.66BE8 ed: MrmiAGe i n t he

af ore-nenti oned Equation O P 100/ Se (nmAq) being a

par a¥itear thandifferdretiat eprsistye UAOP tidiecalbtlatdPVWIIRVEBY in the
the dynam c pressure corresponding to the 5
afdrd-hedreiohied! EqQUigtiosnurne P s=0 g4l {

shown in Tabl?l bel ow. [nglge 1] (Anm'g?)f’ E%ﬁgvé Bérémeter, and

thel EIBEIS u OF tﬁé‘%irmcﬁ/?ﬁ‘éw\grtﬁ%e& 'a%cﬂégﬁ?r‘éecfoqgg)%ﬁmg to the

to the'effective pressuré& recelving area

OB st R et BT T AL FEOVBT TARH Petorou
at roomtenperature & normal pressure: u m/ s (The
velocity of the air flow having the0.44680.22340. 02793

dynam c pressure corresponding to o P) 10
[Ta%leﬂ

An effective diameter of the pressure
receiving surface equivalent to the effective
pressure receiving area Se: De mm

100 200 400

Measured differential pressure:

AP mmAq

0.01273 | 0.003183 | 0.0007958

The velocity of the air flow at room
temperature & normal pressure;:um /s
(The velocity of the air flow having the 0.4468 0.2234 0.02793

dynamic pressure corresponding to A P)

In Table 1 above, the effective pressure receiving area Se is converted to

the effective diameter De mm of the pressure receiving plate.

25




10

15

20

In Table 1 above, the effective pressure receiving

area Se is converted to the effective diameter De mm

of the pressure receiving plate. 25 As stated above,

in the event that, for exanple, the effective dianeter

De of the circular pressure receiving plate is 100mm

using the electronic weighing and pressure converting

device 2 having the wei ght neasurement capacity F of

0.1g, the neasured differential pressure AP is

0. 01A¥ stated aboyve, indhe evedt thatli fof examplealthe effectivecdigfeter De

is 795.8nmAg in the event that the effective dianeter
ofibei airculpressuretrbteivingssiate iset Glrfirme usrmgl tAk 8E@PFSHE Veighing

OP of the water colum of a few hundred nanoneter

anthpiesgued tenidriing tegicees hQ\Tanl!ﬁéertiégHtQﬁeQé&bhn%n‘? %?BQSFY F of

nmeasured. As described above, with The ultra-prec

0.7 Cther rﬂb%@r"e@rﬂlfféﬂenﬂépﬁr%%@re @Pgﬁ%ﬁ'ﬂ@ﬁwrﬁ,&&' C%h& Teasured

accordance with the present invention

AR A B4 S ot
ORI B P el BB A M s o
gure 1S a

0. 0001
a g‘?‘@?‘é" n'aﬁam h'é%mg %@Pﬁ\(ﬁ dgures ofi abeutheas digita can be

15 differential pressure nmeasuring device in
measWedance with the enbodi ment of the second
i nvention. The second invention differs fromthe first

i nveis idesciibed lahbve, withvthei ultratpriecisich icresdiffeiohtia peessure
of the liquid sealing used in the ultra-precision

measuringldévies Fnadcardamcswith eheTprssient MYeAfdn ARe 'n‘ﬂcro differential
accordance with the first invention ill ustrate in

préssirechalirigPefféativedighiré 6t H‘ﬁ'%é! gy n@e{?ﬁ%@ ’rﬁefétﬁéﬁ With a

5, 1 designates the device on| C

hl%\'fgggldf%yﬁ Sel‘ﬁ'irﬁégr\geth‘éo%l&?g)hle ‘Qél ¥ ng%a%tdrg converting
deg@aé'cfe ?Jhggg%'eléﬁtrmgggu e ednttcraggcs:l & 8_f]|)g,~0_706611%_| oner

Figure 5 is a cross-sectional schematic view of an ultra-precision
differential pressure measuring device in accordance with the embodiment of the
second invention. The second invention differs from the first invention in that a
dividing film 10 is used instead of the liquid sealing used in the ultra-precision
micro-differential pressure measuring device in accordance with the first
invention illustrated in Figure 1 to Figure 4 inclusive.

Namely, with Figure 5, 1 designates the device body, 2 the electronic
weighing and pressure converting device, 3 the pressure sensing plate, 4 the
supporting body (a conical body for the load transmission), 7 the lower space, 8

the upper space, and 10 a dividing film. All the other constructions except for the

dividing film 10 are identical to those of the afore-mentioned first invention
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t he upper space, and 10 a dividing film Al the other
constructions except for the dividing film210 are
identical to those of the afore-nentioned first
invention 26 illustrated in Figure 1 to Figure 4
inclusive. Wth the second invention in the said
Figure 5, the dividing film10 is wutilized to isolate
t he upper space pressure Pi (a primary pressure) from
.the |ower space pressure P2 (a secondary pressure) so
'"‘t"ﬂéﬁte@%Fiﬁéﬁgdrtﬁtﬁeﬁur@pﬁ:)m'u%m-i nmit val ue of the
differential pressure is raised to 2-5 atnospheric
pr esWithethel secanddswention dn tthetsaidhFiglirei §j tre Hividing Gilm 10 is
has the follow ng characteristics: (a) athin film
uthlized rtg isolate the uppef shacapressuse iRt (@pribedr) pressure) from the
flexible), (b) a force to work on the electronic

lowet epacd presEUPE T SocoRBYRS iéé@u?eé\@'&ﬁng? the ﬁwéb%hrabhta Lpper

exerted when the dividing film10 expands or contrac

lin¥it VAIUBYY the QiffePEME Prédirs ?‘W@eoafb l@ﬁtrﬁ&éﬁe&%&?eéﬁre.

alr-ti ght ness Is mal ntal ned over a long perio

e bist e R eF e GRS 10538 1Bk FORSing sharactgrigtios:

. tohi L £ ith thick ,of '5-200,u mis
B L b 8 st ™
o i A B G5 s conern e 2
_afore-nmentioned dividing film210 owing to the
Is t Ba @xgrted e wbeAn e adividinge filmkd0 empandsidsr cbntrhets with the

dividing film 10 are secured to the pressure receiving

tepiperatuce ahangehand tivelikepand body | a at the sane
| ateral level, that is, height. Furthernore, to reduce

(cpairtightnesstid ataintalredcevera lbAg pRibdest tite, tdh@ excellent corrosion
af ore-mentioned el ectroni ¢ wei ghing and 20 pressure

resiefiRet isnaxifisitéd € With SthieNsheSeHt eHT)%d%%fgidg?e% gllﬁqéQrGa thin

I's somewhat sl ackened as shown 1 n Figur

m%t‘él AP HithitRick e &b 985D £ hPRYusCE ! onal view to show
ow t he

To prevent the force to be applied to the electronic weighing and pressure
converting device 2 due to an expansion or contraction of the afore-mentioned
dividing film 10 owing to the temperature change and the like, both ends of the
dividing film 10 are secured to the pressure receiving plate 3 and the lower part
body 1a at the same lateral level, that is, height. Furthermore, to reduce a
chance that a force to be applied to the afore-mentioned electronic weighing and
pressure converting device 2 is induced, the dividing film 10 is somewhat
slackened as shown in Figure 6.

Figure 6 is a partially enlarged cross-sectional view to show how the
upper and lower space 8 and 7 are divided by the dividing film 10. The outer

and inner peripheral parts of the narrow-width brim- (or ring-) shaped dividing
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upper and | ower space 8 and 7 are divided by the
dividing film210. The outer and inner periphera
parts of the narroww dth brim (or ring-) shaped
dividing 27 film 10 are inserted into the fitting
grooves 3d and Id forned at a right angle relative to
the end face of the pressure receiving plate 3 and the
i nner surrounding wall face of the |lower part body |la

re 8ecti_ve| ,.and hernetically bonded to (or pressed

fl".’ﬂnf e ripsestag inio the diting granves ¥ apddt faymedeat aright angle
di ameter of the pressure receiving plate 3, 6 a space

reladiveet; theecergdfatacef dhe t prespures seceivingcpiate @) aidatthe Sinner
and the inner wall face of the |lower part body 1 a,

suFrounding wall fape iof dhe dowbe pattassdyona GesysdtBiy andermetically
pressure converting device 2 through the supporting

bdnaey td (@upresgeda-?ftﬁéﬁﬁ exerted by the differential
pressure (P1 - PZ, P1 > P2), FID a force applied 10 to

th W [ 'Dn% ar erted. .
onq§he di f‘gﬂ?g‘?%@r/m é?éﬁélxﬁg%%? g!kgné;tegﬁ rgnweeér%ﬁgéfesrece'vmg
I sy ] tp.t iving. .plate
IR R 4 SRR BB s 0 BhE B i pieietis iy Blafe 3 anc
ti Ll t he di t D of th
i o P o o T b iecon
t.rans% ed to the electronic _weighing and 15

weighing and pisssWie sanyesting device 2rtheugh theesupporting body 4 out of
af ore-ment i oned supporting body 4 is shown as

a fosearexentec by the differentiabpressure 1PD-P2/ R1 >&R2), FBa for¢eapplied
- P2) x 7c(D+6)x 6. Then, Fa can be expressed by the

to the prassnte eapeating platd 8) and &p(dPforee BRErted oA the AividingRilm 10.
“P2) x 7c (D+ 6 )x 6/2 =(Pi - P2) X 7r D 2 /4x{ 1+2

6 / rhe2afofe-hidritioned. Fp is eqddlly trafsrieted tof the 3rSrgﬁaurtehreeceiving

dianeter D of the pressure receiving plate _
PUABEa L o ool 1o BN S5aGRICR, g man
colrpared # the diametef B the pRRsHL FsteiVitg bl 3.

Then, the force Fa to be transmitted to the electronic weighing and
pressure converting device 2 through the afore-mentioned supporting body 4 is
shown as Fa=FD + Fp,/2. Here, FD=(P1—-P2)x =D? 4, and, Fp = (P1—
P2)x n(D+d)x &.Then, Facan be expressed by the following equation (14).

Fa=(P1— P;) x = D¥4+(Py — P3) xn (D + 6 )x 8/2
=(P, — P2) x n D?/4x{1+2 § /D +2x(6 /D)?}....... (14)

Now, with the diameter D of the pressure receiving plate 3 and the
breadth of the dividing film 10 ( or the space 6 ) being given, (P1—P2)=Fa/[(=
D2/4)x{1+26/D+2 (6/D)? Y =Fa/K...... (15) is obtained from the
afore-mentioned Equation (14). Here, K=(xD?/4)x[1+25 /D +
2(6/D?2 )] I (16) The differential pressure (P1—P2) can be obtained by
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af ore-nmenti oned Equation (14). Here, K= (7c D 2
/4)x[l +26/D+ 2 ( 6/ D2)] ...... (16) The
differential pressure (Pl-P2) can be obtained by 28
di vidi ng Fa detected by the el ectronic wei ghing and
pressure converting device 2 by the constant K of the
denom nator. Feasibility of Industrial Use The
ultra-precision mcro-differential pressure neasuring
device i 5 accordance with the present invention is
dividing Ea detasted birtheislectraie Weighing andgpressurentanverting device
ressure gauge, and al so used for neasuring the
2 EVé@%QQ@Stéﬁb of theadanominatoi. cs of a | owresi stance
filter, nonitoring the filter characteristics,

Feasibilityi ofdndustrial dse char act eri stics of the fluid

equi prent which deals with gases wunder a reduced
pr esBhe eultrBhsreisiors- mlckedwferentill hresyird ahéﬁsﬁﬁﬁﬁr Bevice in
measuri ng 10 device in accordance with the present

adcdYEIHOeOWith Thii ;ﬂﬁédntuﬁn@?nfiéﬁ i 0Sed HR2S L%&gﬂ'ﬂ;@ r{ﬁétﬁé}lﬁl?[\% for a

differential pressure of approximtely

GHRERRFAL Bridul SRSt 8B0%06ed T HehurtE, PR, Bl aop

BB G T RHEIEnER MR fuptifrng i afler sharacteristics
receivi 5 plate 3 which is installed in the inner

assRSend i fiaw hitedleristic S Thid aupmentevich deeis with gases

i nner space hernetically into a | ower space 7 and an
undep @ regiised rsessitie. el betutisaiptedision differeatial presssner measuring
converting device 2 which is installed inside the
davisgerin specardaneedwith thiei qhreséret imvestioneiy avidelyi nged for the
plate 3 is supported and
measurement of the differential pressure of approximately 2~5 atmospheric

pressure in the industries and the like.
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fixed, and a liquid sealing part R which |iquid-seals
the outer peripheral part of 10 the above-nenti oned
pressure receiving plate 3 and air-tightly separates
the |ower space 7 and the upper space 8 so that a
mcro-differential pressure between a pressure Pi
i nsi de the upper space 8 and a pressure P2 inside the
| oner space 7 is neasured by the el ectronic weighing
and pressure converting device 2 via the pressure
receiving plate 3. 15 2. An ultra-precision
mcro-differential pressure neasuring device as
Whiabweealaimnis: Cl ai m 1 wherein the device body 1 is so
constructed that a |lower part body la provided with a
1.prATs sultra-pretisiotu omitgo-itffeteriali Presyvmd N intetisufilg WdelickhSvhich
| ower space 7 and an upper part body 1 b provided

compiises 8rdevidel Body MRl B ihﬁére%ﬁégcg In@io%p'HtTgfégggﬁé' Rdteiving

with the upper space 8 are pl ace posite
pile S urRIF RGP bR ngtfathe o B A F app cices
8 SRS PSP 386k BERRABL A AloHed 588 7 S5 & Dofer e 5, an
| Itra-precision mcro-differential pressure measuring.
el Wighing; 3pg Pressuts SPRYartinE device 2rahishds dustalled inside

rffcei Vi n pJéate 3 conprises a flat-shaped disc 30

the lower %@g%ﬁq apdQmwhicy thainressurareesivingtpiatess is supported and

~downwardly fromthe outer eri phery of the disc plate

fixgd, and anliquidtsealing @@T%Romhinﬁ diquidisédls teetcuter mergheralepart of
nmeasuring device as clained in Caim1l wherein the

the| anaveementionsd) pressune depeivinguplate Gaad tainbgiitey seardtes the
is so 5 constructed that the neasurenment val ues are

lowentspawe U |ghd akeupper sPackhg €3 ekt th%r%i%@??lfg%ssure

pressure converting device 2 in the form of

oo PRl PTIARI o hoe: HERY i 8 AEe6RYPS e e
lower space 7 is measured by the electronic weighing and pressure converting
device 2 via the pressure receiving plate 3.

2. An ultra-precision micro-differential pressure measuring device as claimed in
Claim 1 wherein the device body 1 is so constructed that a lower part body 1a
provided with a pressure introducing hole 7a in communication with the lower
space 7 and an upper part body 1b provided with a pressure introducing hole 8a
in communication with the upper space 8 are placed opposite to each other and
combined with each other to form the device body 1, and the device body 1 is
provided with a ring-shaped sealing liquid storage groove 9 at the inner wall face
of the inner space.

3. An ultra-precision micro-differential pressure measuring device as claimed in

Claim 1 wherein the pressure receiving plate 3 comprises a flat-shaped disc
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5. An ultra-precision mcro-differential pressure
nmeasuring device as clained in 10 Caim4 wherein the
el ectroni ¢ wei ghing and pressure converting device 2
conprises an el ectroni c wei ghing device and a conputer
whi ch converts neasurenent signals fromthe
el ectronic weighing device to differential pressures.
6. An ultra-precision mcro-differential pressure
nmeasuring device as claimed in 15 Caim1 wherein the
platesSer éﬁg ca vigalingnyalndb prhick vextends \downwardtie fiore the outer
has a supporting base 5 on which a supporting body 4
periphery of theddiso plateBat he pressure receiving plate 3 is
supported by and fixed to the supporting body 4. 7. An

4. AN ultrepprevision midtocdiffefbritiaf pRIYsuRd nidaREfHE ASVRRSHS CR¥ned in
device as claimed in Caiml wherein the electronic

Clairh IivRErein the BRESBAR WEIGKRHY MY gF&é’ééiu?é c8p'b§niﬁ§ detfe 2 is so
constructed that the preSsure recelving plate I'S
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space of the device 31 body 1, a sealing liquid 6
and eytaltted t he sealing Iiquid storage groove 9, and the
ri ng-shaped sealing wall 3b extending downwardly from
3. tATe Ultka-preicisign oticrokdifferentiak pressues meaisugng ldeviceasaclaimed in
| oner end of which is inserted into the sealing liquid

Clainfi réwizreire thé electioniclweighingeandi pressure converting device 2
mcro-differential pressure neasuring device as
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is surface-treated so that uniform wettability 1Is
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part. 10. An ultra-precision ressur
prggﬁﬁgg_i ng device which conprises a

6. An ultra-precision micro-differential pressure measuring device as claimed in
Claim 1 wherein the electronic weighing and pressure converting device 2 has a
supporting base 5§ on which a supporting body 4 is provided so that the pressure
receiving plate 3 is supported by and fixed to the supporting body 4.

7. An ultra-precision micro-differential pressure measuring device as claimed in
Claim 1 wherein the electronic weighing and pressure converting device 2 is so
constructed that the pressure receiving plate 3 is supported by and fixed to the
supporting body 4 whose upper ends or lower ends or both are pointed.

8. An ultra-precision micro-differential pressure measuring device as claimed in
Claim 1 wherein a liquid sealing part R comprises a ring-shaped sealing liquid

storage groove 9 formed at the inner wall face of the inner space of the device
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devi ce body 1 having an inner space inside, a pressure
receiving plate 3 10 which is installed in the inner
space of the device body 1 and divides the said inner
space hernetically into a | ower space 7 and an upper
space 8, an electronic weighing and pressure
converting device 2 installed inside the | ower space
on which the pressure receiving plate 3 is supported
and secured, and a dividing film10 provided in a

bagade apsealiegHiquic Bofillesr inptei gerading lisfuid storage greswsiOe and the
receiving plate 3 and the inner wall face of the

ring-shaped sepling twalk 8bpextendingi dowmwasllp dtone ahe tetipheteof the
space 7 and the upper space 8 wherein a differentia

pressamUeelviig\plate 3 Ploar? &hd ST WHIBK isinsbREd itBhe SBERT liquid
8 and a pressure P2 inside the |lower space 7 IS

6 fleasHbegk.by the el ectronic weighing and pressure
converting device 2 via the pressure rece|V|ng pl ate
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7 and
B35 ] Ao e helouteimacinasiin
e i n_comuni cation with the upper space 8 are
1(£ Aﬁgﬂl‘%@@@gﬁl@@ differentiah pressare mrasaRingddyicecwhich damprises a

the device body 1; and a fitting groove 3d is forned
seviceebodytle haplegu aphanyerospades insids sarmesswei rcelying plate 3
plate 3 at a right angle relative thereto so that the
it ispiestaibarity thod irinee sgave oF e déVioe BRdySI AME BMERS the said
into the fitting groove 3d while a fitting groove 1d

irndrogpasé RBrrhEkcdlfNifto A fverf s%&? gexh %rpggfﬁ?ll sﬁéc@ 8, an

5 right angle relafive thereto at t e p

e L L S
5 i BB s o

geéflvf%ﬁn&%lrﬁl ‘?(5 rﬁpfgwagd in a space between the outer periphery of the

pressure receiving plate 3 and the inner wall face of the device body 1 to keep
air-tightness between the lower space 7 and the upper space 8 wherein a
differential pressure between a pressure P1 inside the upper space 8 and a
pressure P2 inside the lower space 7 is measured by the electronic weighing
and pressure converting device 2 via the pressure receiving plate 3.
11. An ultra-precision differential pressure measuring device as claimed in Claim
10 wherein the device body 1 is so constructed that a lower part body 1a
provided with a pressure introducing hole 7a in communication with the lower
space 7 and an upper part body 1b provided with a pressure introducing hole 8a

in communication with the upper space 8 are placed opposite to each other and
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10 wherein the dividing film10 is a brimshaped
dividing filmformed of a resin 10 filmor a thin
netal film and an outer peripheral part of the said
dividing film10 and an inner peripheral part thereof
are hernmetically inserted into the fitting groove 1d
of the device body 1 and the fitting groove 3d of the
pressure sensing plate 3 respectively. 13. An
gra precision differential pressure neasuring device
ied; teefgrmrthe) dgviee bady d; vaner aifittinggronvasdd éstéarmed on the
values are continuously taken out fromthe electronic

ouier garipleryraf the psessuce ceceieingiplatecdut aeight angleheldthethereto
of electric signals, and converted to the

salthiat thesinhier pe fipleery Wf ehddlivid i@ PV Olis MRBrtBH Mt ithe Fitting groove
14. An ultra-precision differential pressure neasurin

3diils @ fitting gm@w s fermed onlhe'h éﬁa%etd;?hé hs%é%r&dgc; ata

wei ghi ng and pressure convertlng evrce I'Ses

right SAFE rERBVE thBIAL! diHY ?F‘Yﬂég) ?esc :fﬁ]rﬁ gg eﬁé@écﬁ%ﬁrﬁr& of the

converts the neasurenen

t ent ssur
AR A Bep R i, 0be 3fs %r*{artiﬁsroa Fpdp Ema&vgmg film
device ,as clained in daim 1
1%2&%%#%%%%@'%9@ %%‘6%/13 iz provi ded on a b;ase 5 on
lectronic 33 wei ghing and pressure converting
1%2\(}1 @érggpreslsrqrh@'ffemﬂ%r RESEHEE Messuringhdeyicaiae chimesl in Claim
ported by and fixed to the supporting body 4. 16.
QFQIB 5h@|<%ddlsgdﬂrnd10 fsea dnini-shapec: siividiag rfirasformag of a resin
devr ce as clained in aim 10 wherein the electronic

filmedron thip reetal filnesand an catergpdripheralart of thel Saig ervrérng film 10
constructed that the pressure receiving plate 'S

anslppoinher penighéiat erarbYhdrbef ape! MRPFetidgllyp ﬂ%\églédvrgréghe fitting
upper ends or lower ends or both are pointe
groove 1d of the device body 1 and the fitting groove 3d of the pressure sensing
plate 3 respectively.
13. An ultra-precision differential pressure measuring device as claimed in Claim
10 wherein the measurement values are continuously taken out from the
electronic weighing and pressure converting device 2 in the form of electric
signals, and converted to the differential pressure by a computer and outputted.
14. An ultra-precision differential pressure measuring device as claimed in Claim
10 wherein the electronic weighing and pressure converting device 2 comprises
an electronic weighing device and a computer which converts the measurement
signals from the electronic weighing device into the differential pressure and
outputs the same.

15. An ultra-precision differential pressure measuring device as claimed in Claim

10 wherein a supporting body 4 is provided on a base 5 on the electronic
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weighing and pressure converting device 2 so that the pressure receiving plate 3
is supported by and fixed to the supporting body 4.

16. An ultra-precision differential pressure measuring device as claimed in Claim
10 wherein the electronic weighing and pressure converting device 2 is so
constructed that the pressure receiving plate 3 is supported and fixed by the

supporting body 4 whose upper ends or lower ends or both are pointed.
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