U tra-precision Mcro-differential Pressure Measuring
Device and Utra-precision Differential Pressure
Measuring Device 5 Field of the Invention The present
invention is concerned with an ultra-precision
mcro-differential pressure neasuring device and an
ultra-precision differential neasuring device in
whi ch a hi gh- perfornmance el ectroni c wei ghi ng and
pressure converting device is enployed. The present
invention is also concerned with 10 an ultra-precision
m cr oy fd.f f T\ PR i [ ' Vi S
used e R G MicR!-BRS AT FRp B MERIFG PoliE
pressure gauge, and al so §ﬁd as a tool for measuring
the pressure drop characteristics of a | owresistance
filter, .nmonitoring.the filter ch cteristics, and
nssess! HYRPRiecrion ufetBnlisldeioss o Vaas g Db,
equi pnrent whj ch deals with gases under a reduced
Figldeafdhe dnverlions urt her 15 an ul tra- preci si on
differential pressure measuring device widely used for |
t he Theeasreseint infentios dis f @oseeingd pmésur@n ofultra-precision
approxi mately 2-5 atnospheric pressure. Background of
miche-differential qrrehereAsieasurng ydeyvioe and-aranbraeprecision diffesential
liquid colum manoneter in 20 which the liquid colum

mBas@itg devics aswhith & highapdrornrareetdectradomeighing sed pressure
as standard instruments to measure a m cro-pressure or

cmrtﬁfaggﬂé\‘?i% %ltén%:%@d.eSWé PrederfUAeéntion whaleh coricered with

. ts on the ram mechanismof a cylinder is
o SR ELESHE A ML ot B o as
a Slandard ?nsitrsim?tlan cf})'rr Ecci?ilﬂlar)én'gial 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



detected by a strain gauge, a sem conductor gauge or
the like is also used, but not w dely. However, for
exanple, with the forner, i.e., the Askania type

m cro-manoneter in which the liquid colum height is
measured visually, the 5 maxi mumresolution power of
the nmeasuring is approximately 0.01mm This neans that
it is totally inpossible to continuously and

deAE@Ed Byed KraRAGalide, dSemiBohtiactdr igaege drithe liReds algceusdd, but
the water col umtm of a nanoneter (nmAq) order | ower

.01lmm And, the neasured val ues cannot be
outputted as electric signals continuously. 10 Wth

t he /| , k€. el r ol cedifferenti p e
mea uc%'én\gerrdet/qrcee %4 e?’eiﬁﬁén%gé eg roér{i cﬁt\g/\}éi gﬁ? ng%ﬁéHlb type
device is .enploye he, neasur enent . r.esul b

migER prancssetgt i ithe Jieda BT Meidii 8 hesiiind Bpuaty, the
this device has a problemthat the occur.re?é:lefoo&I Thi

MapBLATR dREFHtIRN Momer LT ien@epsuring U2 appreimgiely-01mm. - This
moving or sliding parts and a | ow degree of nechani cal

meaish thatrity isptasellys inepessible Joanliblausly ansk ageataly eneasure the
device is so constituted that a force generated by the
micredifierential presswrasof the waten eolsmint oé@ nanemeter (NmAq) order
el ectroni c wei ghing and pressure converting device by

lowaythain @03heR  Andatheamedasived vatees\camdtibe owtputted Hsaslectric
a high-precision neasurenent of the

si%ﬂé]ggoﬁﬁ,ﬁlj@js&pﬁtial pressure can not be achieved. (The
| TSU- KOU- HEI™ No. 6- 76937 and the TOKU-KOU-HEI 20

No. %ﬁﬁ%ﬁ?)}%@é’r{eﬁkh%é)e@aﬁ)lrﬁ‘? Aftfrahtial prBss e M¥asduring device

Wi de- use edtroni c erential pressure

WiB S HbH P Bl g o BB egklfoment esul can
o TS ' B Tanel SRR BRI i hes @
pr[)glsél#rll ttﬁzﬁgthi(anogc%irrle%:g c%fmgggurement 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 No.6-76937 and the TOKU-KOU-HEI
No0.2-52975 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



2 high-precision nmeasurenent. Patent Literature 1
Public Bulletin JI TSU KOU- HEI No. 6-76937 Patent
Literature 2 Public Bulletin TOKU- KOUJ- HEI No. 2-52975
Di scl osure of the Invention 5 Cbiect of the Invention
The present invention is intended to solve the

af ore-nenti oned problens of the conventiona
nmeasuri ng devices for mcro-pressure and

higﬁ_ﬁf&jgbﬁfn%égﬁréﬁllent_preSSUI‘e and wi dely used
electronic differential pressure measuring devices:

t hatp St ((; r dpQgy; ARG & 6LTED37
e (Rt SPUB Sl SR T

can R er B L Bl O R N g

Df tqg 8tr9nicf}ype wei ghi ng device, the
asurenent errors i s unavoi dabl e
due to friction of novable parts in the nechanismto
thed sure into a force and transmt the
same to the el ectronic weighing device with the r%ful
t hatThe piesentinyentipr ig interden:tosselke th afore-mentioned problems
mcro-differential pressure while the nmeasuring ) .
of the cosiventionia nheasuring devicespfar maicto-ptgssare andimigro-differential
present invention to provide an ultra-precision
prassure- and fwidelyt used Rlectrmic diffsxential npredsuiec measdring devices:
ultra-precision differential pressure neasuring device
thaisWY JcdbcondiAb &6 tthe Mevice\Riviiic i h&Tiduidr &sismheheight is detected
converting device is installed in the space in which a

10 vi%%él?,r ﬁl%sr%ﬁsﬁl%rﬁ’@ntﬁgéitg[?‘?ﬁﬁ:I@ﬁaat?ﬁeﬂh%%eéé‘lﬂ*eﬂh&lues can not be

e-ment1oned sp pressure to be
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receiving plate, thus |, .
movable parts 'in the' mechanism to convert the pressure into a force and

5 O

transmit the same to the electronic weighing device with the result that it is
15  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
uitra-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
20 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
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maki ng possi bl e the high-precision neasurenent of the
mcro-differential 3 pressure of the water colum of a
nanoneter (nmAq) order having three effective digits,

and the ultra-precision nmeasurenent of the

differential pressure of approximately 2-5

at nospheric pressure. Means of the Invention 5 The
inventors of the present invention have noted that

pré¥stfs dhfehd Qvatee cah@mvedt iz0 mainomsteo dnimAgdhorder ahdwng ethree

applied on the pressure receiving plate formng a

effB{:f?\ﬁeSHf s’ §h& @tl’((—ifx1 Dfrd-preRidion ediurembAtiof thel differential pressure
e i ghing @ de

ectronic we vice wth the pressure

[ B a ' by a sliding (noving)
Ofﬁ@@%ﬁhg%y% %%@?%@ﬁ%‘ﬁéj?@%@ ance generated at the

af ore- riti oned sliding part 10 causes errors such
MQQM—'EBMrOpH ate for measuring the

mcro-djfferential pressure. . Thu t he, i nyentor f

¢ he THECINARLOrS A6 e iesenlanvénion Bave notrshial adArding to the

to avoid the errors caused by the frictional .
conwentianah caethodeinpwhisbua dorcecarplipdngn dhaReesiTRi isgetving plate

pressure receiving face is supported by and fixed to . .
fomhingbaspressuteh eeadidiogr tacecisnagamitechia theesiagtrenic weighing

converting device without 15 restraining the pressure
devRReIth Nbe Pressurendceivingiplate being supportdtobly isssliding (meving)

o air-tightly divide the two spaces, to which the

t
mEERIHSES fAGHOrP RediStEnce ehBraited BR e aftte memtiorsiddstiding part
of the pressure receiving plate. At the sane tine, the

ca:ugég '%{rﬁ{ars ’éz{crqt {ﬁ‘ét R Esiﬁabg}dw%% SN mdR%arisg TRe trAicRe differential

e event of ‘nmeasuring the differential

prBSERL D6, MBI ABNERL Bl e RadrnpEfRIPHAIS Eofiera ea i
SR8 SRR e S e, Y o BRABEE Hlapgs, e pressure
regi@i%ihrg,[@lgiee%r%ir?; ttgei ];)];eesrsﬁpé irgéei\ﬁlt\ge gcl:g ?s gl?papsolf'{ee b)? %mii Jixed 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 fim 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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The present invention is created based on the
af ore-nenti oned i deas and neasuring test results. The
devi ce according to the present invention in Claim4 |
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 inner space into a

1 ¢oMPrissPa devibedistyah hapipgrars rmee sPace &isidd, e pressune receiving
wei ghi ng and pressure converting device 2 which is

platBSs akvhigd isNmistifled Fnhﬁ'\é %Wér SPAGE ||7$|@é10th@ndé\ht:@fbdd?e1 and

pressure receiving plate IS supported and fixed

alrgtﬂﬂntﬁ dl\g?{é’s ﬂ'ée:' S?IHI |Hﬁ?rpsg{atce'?n @‘f Etg I‘@&;@i dén hBﬁer space 8,
anreggtgt'égr!}l@ él‘?ibﬁ gngp%gﬁﬁé% ng'ghh'@ @{\ﬁ?& 3G5ich REInBIBE inside

cro-di fferent,i al ure between .a pr u

i i 35 OBl e aiessh e Tesein Bt s sEPRoied and
| ower space 7 is 10 neasured by an el ectronic vve|l%9 {18

flxaﬁdapd@s&qw@ sesline marhg which diglis-seals the oytpreReiiphieral part of
receiving plate 3. The present invention in Caim?2

the afereawentionedieceingplate iansdair-tigaihsseparatagibedpwer slace 7
device body 1 is so constructed that a | ower part body

and thepupperdpadce\d b tirata ricrordifferentiabpEissyrenbetvesn & pressure
conmuni cation with the | ower space 7 and 15 an upper

P1pﬁffdidé’<ﬂ<i’é’ UppeP'spaicaes! amid B freBs@®s Prensider haulbwey dpeice 7 is
8a in comunication wth the upper space 8 are pl aced

m %%ﬁétltt?y bR é?é@tgbrgéw tl%ﬁﬂg arfilPpRisiafe céﬁ%ﬁlhg diﬁﬁd:éiﬁ via the

y 1 1°s provi a“ring-shaped sealing |iquid

pragajrggg‘f%bﬁg‘;/@g%n?t ot he i nner wal |l face in the inner

ace invention in Claim3 relates to a

cevifs ﬁrfgsﬁpﬁwegu%wp%rag@éae%ﬁ@%h@ép%é B g o
wlgseﬁfgﬁg&eﬁe\agg :blgagryﬁlocl}o f)(PféS ci%éj hat dl%wer r?’l Mody 98 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 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 daiml 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
cohstroctedf fhat ahe i mbasuessentevalues dare utqniinuedslyTtaken out of the

present invention as clainmed in Claim5 relates to a

elSINiE vsighifh 2Ane Pressurb abdRvertifis devitet Reinelhectdraniof electric
wei ghi ng and pressure converting 2 conprises an

si@(}aﬁ%éb??aﬁsﬁﬁﬁ@@'@g dARprer ﬁﬁﬂ? o ﬁ"{to WitferEntial pressures

measur enent Ignals Tromthe electronic

an Aé_g&l& device to differential pressures. 10 The
\éf WY nvention as clained in Caim6 relates to a

device as clainmed.in Gajm1l wherei.n the el ecitraonigc .
el gienresant JPUSIURTL a8 Apthed i bHifn S Ilesol & Ghvice as
base 5 on which a supporting body 4 is lElJrovi ded so .
claimed innelairgr4 yharein Beceleringnis Weighing; and RipriUre Fopyerting 2
and fixed to the supporting body 4. The present
cormyrisesi en etecticalameighingl gemce aed af egomputerqwhicte caverts
15 clained in Caim1 wherein the electronic weighin
measlrpmess usignalsn\frorhi tie 2elestrosic ewighingcdevicehdo diferential
pressure receiving plate 3 is supported by and fixed
préSsurb§e supporting body 4 whose upper and/or | ower
ends are pointed. The present invention as clained in

G aiTRes g?éééﬂteﬁvéﬁncﬁq RV cefmBBeine Ot 6 rélbicd &8l idedice as
part R conprises a ring-shaped sealing liquid storage

R B’y WIAER, B SBELARS oM 4 Brbbsrbonvertng 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.

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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liquid 6 filled in the sealing |iquid storage groove
9, and the Ong-shaped sealing wall 3b extending
downwardly fromthe periphery of the pressure
receiving plate a lower end of which is inserted into
the sealing liquid 6 fromabove. The present invention
as claimed in daim9 relates to a device as 6 cl ai ned
in Caim8 wherein the liquid sealing part Ris

clafHed as Clhie & aMedin ithatliquithséaling petttRbs Isutfacedreated so that
secured entirely or partly on the liquid contacting

unPéimh weltaBiliey rédbRfHeNPBr part§!on thediguid ebmtabliddpart.

relates toan ultra-precision differential pressure
MEaFHe! @gﬁgﬁvihggntm%?'cféihgﬁ i Qi1 6 PERfdsSBSarfulfidpieRision
5 body aving an I nner ‘'space 1nside, a pressure
difgisigiel qrosmie asPetng dpVRe iR i RIpE el fifffes, 2 device
space hernetjcally into a |ower space 7 _and A PP hich is
bogy ot diayings Anelnger SpRee *ﬁé\%&h.%gfe%%e PrEClidePate ¢

. converting device 2 installed inside the Iower space
inssallaghindhe imner spese fithe devige Pogdy Tpand dividesdt §@&ﬁ£@8& space
and secured, and a dividing film10 which 10 is | o
hemmeticallydintona dowenspadeeT \@nehan bppeuspeace8r apteGirapic weighing

pressure receiving plate 3 and inner wall face of the
andepressureosbhvierting Hewipe @ installgltinsise thetiowenspadeeohomkich the
space 7 and the upper space 8 wherein the differenti al

pridRiTs vé&eiviRg (PRE'S i8 saippefbd @nbisdcored]andhedividiey filwdOavhich
8 and a preSsure P2 inside the |ower space 7 is

is &ﬁd’ét? Gn QY sé@&a ‘Ea'eﬁﬁéélg@ljlé o‘ﬁ?ﬂgﬁér‘i&é? hfth@SsresSure receiving

onverting evice 2 via the pressure receiving

oo Spd PP B8 P i P10k SyRY B3 tltweon
B T8eF o 1 R A R | e PRGBS ARBrt presaure
B e Ohet . 5058 Ao Il 5 nsice the
Iovr\;grl gpasge 7 is measured by the electronic weighing and pressure 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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20 in communi cation with the upper space 8 are placed
opposite to each other and conbined; and a fitting
groove 3d is forned on the outer periphery of the
pressure receiving plate 3 at a right angle relative
thereto so that the inner periphery of the dividing
film1l0 is inserted into the fitting groove 3d while a
fitting groove 1 d is forned on the inner wall face
relativé fiferdey he@ abBidpdsitidn as highhds tegpésition 6f thii afere-mentioned
thereto and at the position as high as the position of
' ' Irtdeki IshiRserted into
g B RS ot S e er P TP dHig it e

j lutsti ng groove 1 d. The present invention as
th%ﬁgﬁﬁe%%:a\ﬁééhai m 12 relates to a device as 5 cl ai med

0 B0t B, SR B Sl i 5 g o
RULE VAOIEAC F13 P o il

thereof are hernetically inserted into the fitting i
formed ota resindimiaia thiv mealifhay and @ntowder perphajabpayt obthe said
3d of the pressure receiving plate 3 respectively. 10
dividiaggimsthand andnnérqreriphechlpian thereaf aze bermetiealydnseded into

as claimed in Caim 10 wherein the neasurenent val ues
thafittingogricone dusdfitht aleviceobibdy andithéd fittingl grobve Bdoof the pressure

wei ghing and pressure converting device 2 in the form
reSaivinigaslafd ¥ respednigsly, and converted to the

differential pressure by a conputer and outputted. The

pr esgy py BRtibA if LR t i \diifhedBin Claim

Gl o e pleReRfrveriibR it LRI 15 eiale3 B 48yigs 88 aimefin Cla

[Melql c t] '

10, PR R0 38 SRR PS4 cOpfifRia ke out from the
cqonverts .t he neasurenent signal fromthe elec [ .
oIGERTF aBPOCERT rsSTate et htiig, debiBe, AcinCliES ) of etectric

h :
sié)nueflg,uatnsd E:or?vesrt%r{ieto the differential pressure by a 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 80
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The present invention in Claim15 relates to a device

as clained in aim 20 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 Claim16

relates to a device as clainmed in Caim 10 wherein
cohBfuélel8ctha® thé p@s@?b%céﬂﬁwgﬁbmély R soppertdd apddingdcby the

IS so 8 constructed that the pressure receiving

2
su@b\?ﬁ@sge%%cgfp‘g W@%&;ﬁ@r@%ﬂdg'dﬁ%@’eﬁd‘for BotRAEtddistegody

| ower ends or both are pointed.

f e | nvention According to the
E <£§ f edhy I!ﬁ?or{rricro-differentiaI pressure neasuring
5 deyice,in accordapnce wi.th the present .invention, :
or e APEipg B I ARRArEb S, RiG GFelinal 5418, riedBuring
nmeni scus formed by the sealing Liquid 6 because. ther .
devicerB aGeRTIANFEHiH] they PraseaHBVERNAN. 16 BRSAILS Hoaiviad Plate 31s
pressure receiving plate 3. Although the heights of .
nevge affeeleddy amenisess formed dy thegealinailiguisl §Reeausehase is no
two ring-shaped liquid surfaces differ depending on
intdleemieht ef wmand dowreswovemeptsPof the fresswrereceiving plstausde
spaces 7 and 8, as will be explained later, it is not

mangdtrughtthethetdhts af taslichlid fvelshef the deating liquidd which forms
surfaces should be the sane. Furthernore, in the

twgvrﬁ@-sﬁzrwq lid\Ad shABEePHiffdRdepbAding diHiheafife@htiaDsessure AP

ue to a mcro-change of the differential pressure AP

betwEUR Ehet PFes%ﬁ[j? b%;flbbt@ﬁs SPaag\%leﬁg a%{‘@lrilﬁ gegeﬁﬁléﬁ% Ritet, Li? is not

meni scus fornme e se qui I's 15 cause

G ol 155 AL B A8 LA SRR e

ljlng ﬁr@ﬁr%@%ﬁ&eﬁ{ag&%@ghﬁggﬁé shQSe%:fat?l%r I%qul.ﬁ"d osfurftagg changes
due to a micro-change of the differential pressure AP bstween 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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af fected because the force is counterbal anced between
the ring-shaped liquid Ilevels of the inside and the
outside (the two liquid faces). 20 Wth the present

i nvention, the electronic weighing and pressure
converting device 2 is installed inside the | ower
space 7 in the device body 1, and the inside of the
devi ce body is divided hernmetically into the | ower

appliageby thandiffdientitl PpressnAs eostwbnt the @passsir? and 8 on the
receiving plate 3 and the liquid sealing part R at

ibREE i egetortiaonb9t medsured with th
SRR RAObARD kBB e, PRSP mcErured i

el%tﬁftﬁb‘ rm?ei@‘ﬁhﬁ‘é%’ihpﬁ)?é‘ss%’?é‘cc%ﬁvgrtﬁ‘lﬁddé\gﬁé‘ v '%ldl gonverted into the

ore-nentl essure recelvrng at é

cont l.nuously neasured w.th th el r on| [.Qhi ng
el Seirec i B pLng de e Brarorihy e SRudl. o7
the differentjal pressur nd gqutputted.in the form .
of iAo Irasiihi tes el Sxeriedhbys e Giffarentslopfesepts 1S directly
exerted by the differential pressure is directl|y,
transanitied te glme electmaicoveighingard RESSENTS §ORYRITIRE deyiges2 through
converting device 2 through the pressure receivin
the| prees@ref receiving plate 2|fixedr omithe valeaironig weighipgeard msessure
converting device 2. Because there exists no

comwefting devicé rd.ctBecayser there dxiets o sreomasiiabfrictiomt padfin the
the force exerted by the differential pressure,

tratsPfisSibAtoble d0tHeBreée assted Byahe tdifferdhfidlepre8bim, precision of
pressure is remarkably inproved. By enploying the

thgv! tﬁ;;éaﬁg@ha Wi 9N R GRALAN éé’s'tﬁeCP.{‘Vr%Hd'rﬁgo@e%?t;Q/w%d. By

m ni mim neasurement capacity as suitab

o BSR1B. SRRERUE B SRECFHA sEFORHRETRO® win o
B By o o B PR SR Bt iion
S o 6 S BB B D50 BiGRinavenet e

wei ghi ng and pressure converti nﬁ device 2 i ) )
digits or more becomes possible with the ultra-precision 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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having a m ni nrum nmeasur enent capacity of 0.0001g, a
conti nuous high-precision neasurenent of the
differential pressure of the water colum of a few
hundred nanoneter order becones possible. 20 Any kind
of liquid can be used as the sealing liquid because
the density of the sealing liquid 6 which fornms the
liquid sealing part Ris irrelevant to the

itséliERsgimpieent of the differential pressure. As a result,
the manufacturing costs are significantly reduced

bec guffeiBre, SRR C tHed NLIRA-prédisidAadifft@entidl Upebdstire amgasuring
and the structure of the neasuring device 10 itself is

degiibgpheacd:oh‘& H&S W?thethe"‘hie@ehb%\}éntti A BIrRel feCdividing film 10 is

erentl al pressure asuring evice in accordance
| theth S pavention,: Sjinc Wi Qi ' :
male 812 BeBpREHIH e L KAE inFihR fok e, At doiwatd Hrbetions
u rd and downward directions. 5 appkied on.the .
appfiee o0 the ReeSF WP g CRMIEERIats & Tndtot eI BY dhe psertion of the
insertion of the dividing film10 into the fittin ,
diviging fibm 40 dnto; the fiingcgropyayid of the deice; E?q‘hhd apd Jhs ditting
3d of the pressure receivi ngﬁgl ate 3. In addition,
graseadrs of theepressunegiecainghplalg 3t he pressure recei ving
plate 3, that is, its material, thickness or shape is
i rr & additibn} betausenthesforrararnweight ofthe dressiiref receivingaplate 3,
pressure, the material, thickness or shape of the

thairie sits! htatefgle thickiesdl Gt shabe irfete\eime e thasneestirement of the
thus further making it possible to reduce the

diﬂ@?@hﬁa??ﬁréé%]gﬂ, RS hiatérialt tHiciidsE dradHdpal ofthessréssure receiving

nmeasuri ng vice. Wth the conventional differenti al

pI%?% ?S?éll’rf( be %éﬁ | 0y GaM £ Qhuf‘flﬁ{l'@?qﬁé ﬁng i it'”ﬁ&ééi'ﬁ%ri%) rdBdce the

e has been required for correctfon or test.
B4 PRt 6 A0 5 508 e Phafidvics = o

With the conventional differential pressure measuring 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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test. However, the differential pressure neasuring
device in accordance wwth the present invention is
extrenely advantageous in that the correction and test
can be perforned easily requiring no differentia
pressure because a dead weight equivalent to the
differential pressure (pressure) can be used instead.
20 As descri bed above, the present invention is
BriefPaBEApRin SOMbI MUy Neasuring the
mcro-difterential pressure with high precision and
CONk} usl j e l{HE S, i ici
E@#Q $' % aOL&Bé’é-EénF{%ﬁa'i‘.sdﬂ'é?ﬁé{fce:}FéeVWi K- Vt\ﬁISCHl'tr‘%a%r%glsmn

for el ectric Signals using the

.Si nstructi.on and can t
midpEisrOar ekl nBg e FlaRRosReRt a0 B st SthsRihent of
racti cal agvantages. 11 Brief Description of the
th Wﬂg@vﬁpg‘ﬂ?'e 1 is a cross-sectional schematic view
of the ultra-precision mcro-differential_ neasurin -
devFIGUIen2a 5 & GupeeSertional Kechamalic s dpfne  dkra-pregision
present invention. 5 Figure 2 is a cross-sectional
micrordiffetential measofing devide iraageardantewith another embodiment of
mcro-differential measuring device in accordance with
theapiskeat ingghtioh.ment of the present invention. Figure 3
IS a cross-sectional viewto illustrate the state of

t he Figure 3si8aPedss dedtibalsealitd diuetate Reastatdef theming-shaped
when differential pressure is zero. 10 Figure 4 is a

|iqﬁﬁ%%1iﬁ§gggm ikt the gmet\ﬁhér‘n HifRkE st PPéB%u?é # gerdfl the

ring-s ['Tquid sealing part al the tinme when

MR, oS4 Al 3SR B0 P anapod

cro _ : -preci'si
lafiFse2l5d bR atbE R FneB e s e Briglaepse” |

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 lLower part body

1b  Upper part body

1d Fitting groove

2  Electronic weighing and pressure converting device

3 Pressure receiving plate

12



15 Figure 6 is a partially enlarged cross-sectional
viewto illustrate the state of the wupper and | ower
space parts isolated by the dividing film List of
Ref erence Characters and Nunerals 1 Device body 20 1
a Lower part body 1 b Upper part body Id Fitting
groove 2 El ectronic wei ghing and pressure converting
device 3 Pressure receiving plate 12 3a Fl at - shaped

R 3 L
opace0 SEpRaallie i niroduci ng hole 8 Uper Space
8a Pressure introducing hole 9 Sealing |liquid storage
gr oo RRRcalyirghefayel i qui d-seal ing part (Sealing wal l
3b, Sealing liquid 6

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 introducing hole
9 Sealing liquid storage groove
R Ring-shaped liquid-sealing part (Sealing wall 3b, Sealing liquid 6
15 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
20 Se Effective pressure receiving area
De Effective diameter
o Density of sealing liquid

g Gravitational acceleration

Po Pressure inside upper and lower spaces shown when differential

13
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15 and Storage groove 9) Al 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
| oner surface of pressure receiving plate 20 Se

Ef fective pressure receiving area De Effective

di aneter p Density of sealing liquid g Gavitational
accel eration Po Pressure inside upper and | ower spaces
shown when,@diskfiRriger@l 13 pressure is zero hbo

Di stance between | ower end surface of sealing wall 3b

and hlb’gqui ‘E)iétgﬁgé Ifém%nv\ﬁ?)%{)gésﬁ %Dﬁ‘%%a(%f Qéﬁ%g%lli 8b and

zero Pbo Liquid pressure a ion of Tower
surface of,.sealin ] 3Db h | f.f nti al
pressure iléqlﬁﬁk%’egfﬂgp’@@lﬁneapﬁﬁ%l #&%@P%%a%e"ss P2
Pressure inside | ower ace 7 Di st ance_ bet ween,.
| owePbRn Loaud Papssite of Rgsiaf of Byverard Suffass of g ayall 36
outer ring-shaped part shown when there exists 10
di f f er ent i shown shenrdiffprentipkpresswreysziE@n | i qui d | evel
of outer ring-shaped part shown when there exists
di f f Brent i Rressues inside wpper $paged | evel shown when
differential pressure is zero
P2 Pressure inside lower space 7
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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h2 Di stance between |iquid | evel of inner ring-shaped
part shown 15 when there exists differential pressure
and liquid | evel showmn when differential pressure is
zero Pb Liquid pressure at |ower end face of sealing
wal | 3b shown when there exists differential pressure
10 Dividing film20 D D aneter of pressure receiving
pl ate 6 Space between end face of pressure receiving

refdrahee fo theddiawkegs hemundeace of | ower part body | a
Best Mbde of Carrying Qut the Invention The foll ow ng

embEiggrRNt e i8f at BRodRLesdivhal AR Fetv A6 &N la-precision
with 14 reference to the drawi ngs hereunder. Figure 1

migf?-ﬂifFérQﬁﬁélsﬁl%Ekﬁf@lm él?iﬁ?t HEvivd Giﬁ’ &cBance with the present

ra-preciston mcro- erenti al pressure neasuring

. [ .CE I\Rsac e, Wt h LoV, j lit.h

infHTE G e BRiRE” 10 FiduecT L EBSNpast £ ByR, Y 2 an
n 5 elctronic weighing and pressure gonvertin -

elgionie aveighing andkvgssuiecealvering dpuice, S Spressursigreiving plate,
body, 5 a base for the el ectronic wei ghing, and

4 7 SUpReEing: oy 13 iy Rpse e, the cElectioniE aFiging Nk pressure
The afore-nentioned device body 1 is nade of netal or

conveding desdee,rand Hlassadlingiliquihe shape of a box in which
an i nner space is provided. Wth the 10 present
enbotherafdre-méetiched devibededy 1 s medie opmetalaor awengineering
part body 1 a and an upper part body Ib which are

plastas G tiepBRADE ®ft boRCin Whithr aktherosiadeets piovidsdierWith the

in an air-tight manner.
present embodiment, the device body 1 is made up of a lower part body 1a and
an upper part body 1b which are placed opposite to each other and 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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Wth the enbodinent in Figurel, the |ower part body |a
and upper part body Ib which are both di sk-shaped in
the plane configuration are placed 15 opposite to
each other and air-tightly conbined so that the device
body 1 is fornmed. However, there is no need to say
that any formor structure of the device body 1 can
be chosen as desired. The afore-nmentioned | ower part

ingggyhégajdsstgf@g gﬁ@@l,vyigt_h a pressure introducing hole
7a in comuni cation with the | ower space 7 while the

PP OHIRYE SRR IR P 8O dl oRl Pned o he
: _ . . I
gl oS ey Mok ot apalraBE s B IceriBLogly J9° However,
tori ing liguid 6. which has .predetern ned
th§stRrod sloE e Benedat e BRuRhSia WAl e At the upper
direction. The sealing liquid 6_is slg_ored 15 inside
Parhody il B ingtead ga “blrsér@%&d i Figuie,3and kigdsitnent in
Figure 1, the storage groove 9 is forned at the upper
par t1hg atoie-mentionegeelpplienia weigihing fanskpressuligeco ng device
part body | a. However, the storage groove 9 can be

2 foinstalledt inside thenprespare ppaceabnvend sidecéhefinndrespgneey of the
5 part body 1 b instead as illustrated in Figure 3 and

lowegpae bbdy izg, ahdsepp@téd byadddixedtto dne owei gt bodynd,
pressure converting device 2 is installed inside the

Pr eSEHY SfcreMEntRihedSleéirstfic Wdighihg2id Sleasere/céiveriiy device

| ower part body | a), and supported by and fixed to

2 é{)‘@gh%@ LR Ltr gév A @ng%@ic@f é’r‘itfé@d?ﬁ;%tﬁ@?gg whic(::k'é the &leight

ronit c wei gni ressure converting aevi

e R 0L o PR foml prossur

ara ectr&ni c wei ghing device is converted into a

PYIpHEEdS al pressure

A detailed description of the electronic weighing device is 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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and outputted. A detailed description of the

el ectronic weighing device is omtted here because it

is publicly known. To neasure a mcro-differential

pressure AP to 15 be nmeasured in the range of the

wat er columm of a few hundred nanoneter order having

effective figures of three digits, the electronic

wei ghi ng devi ce having the mninmum di splay of
matepiaPahdtsriiad 9. H0ilarted disheshame e proceseingithe plaeliermaterial.

Regar di ng t he maxi num nmeasur enment capacity, one

A SBARRPWRINTIY ekieRdE Y e be‘i'lWafr@ Idfrattioh aPasightrshdl® dewnward
nmeasur ed can be chosen. 20 Wth the present

frfﬁgc?r oni c e@%ﬁeorg f;%@gfﬂ%%g&%ﬁﬂ(ﬁﬁemla %hérg %Jldqﬁs.?nhe pressure
ree%isi.i\@aﬁ?‘f%f? 5B P81 o ool N HRSTE AR cout also meta

grlng deV|ce The afore menti oned pressure
'“?E%' %ing plate 3 is made of a plastic 16 naterlal and
formed in an inverted dish-shape by processing th
pl asthe:saiginsessure repeiving plate 3\/&2 hofzpriaiyesiérparied ’H)é and fixed
downward direction at a right angle dowmward fromthe
todioe base &roftheejeatfonic Weighing and psersueel convesting deyiosc? via the
3a. The pressure receiving plate 3 can be nade of not
suppbyting bedy ¢ with the séalinguvalhiBaatrihe duterSpeniytesry dleing inserted
The said pressure receiving plate 3 is horizontally

iInBUPROS&AMgINqUAN G In| thedstofayd §ROVASS &8 iMistidted in Figure 1 such
electronlc wei ghi ng and pressure converting device 2

th¥ | Gl fiessdratieet é?;gplgféjﬁ ifndldralihRSRahbRe uWaérid Fowil

e outer perip elng Inserted into the sealing
S LS P OrEe e LA AR B oo
2mm-f?‘néﬁ< Iaalc and its 8 ameter Uls cﬁosen ¥ ¥it 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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Wth the present enbodi nent, the pressure receiving
plate 3 is formed of 2mmthick plastic, and its
diameter Dis chosen to fit the maxi mum and m ni num
val ues of the differential pressure AP to be neasured
as W Il be explained hereunder. 15 Furthernore, the
af ore-nenti oned supporting body 4 is nade of netal in
the shape of a cylinder or a circular truncated cone,

beidastifed'8$ Stdted hersiidfterpr i atel y deci ded dependi ng on
t he external dinensions of the device body 1. The

SUPPHd WB%H?W rél"i‘l@nPSpéﬁ%‘ﬁSn Randy s etBEA thaWHerHensﬂy of

the prese o I ment, the supporting body 4 is made

th?fseg!iﬁ‘@?igufﬁhﬁ is ﬁanlrS&y Rﬁat%g téuf c[u{ﬁWallaotﬂ 4 P aBBI'ied on

Cl rcu uncate cone
examnp rect anau Iar ara e
thg HerfafiF gia mgnaaﬂ BecBufss SRS 0835 4 B Eherenta
square .and the like in the side view,_ Th
Pfﬁ§$l§ﬁt tq he mgasuEede nkeasR Anyddn ﬁﬁ"wé&?l& ag&‘i@t%o" and
appropriately deci ded depending on the |evel of the
thgjlikee famexample) canube used fop the sealing diguidc§. a¥Vith fhe present
herei nafter. The wei ght neasurenent operation can be
ershodifrfeant  silicanhait ist utdized fior the sefaling tiguite@l i ng 1iquid 6
is not directly related to the downward thrust Fa

applAsdpparent e Figurret ,othiecinwicieodi the devicebedsur & hermetically
converting device 2 by the differential 5 pressure LP

diVi8ed ntERRA W& pddE fh caMmuritatiot wlth %pn‘és&ﬁ#@h\tr@'ﬂucmg hole
water, oil and the like, for exanple) can be used for

Tat Qﬁd %ﬁaﬁﬁﬁ dpladliglir COW éaﬁ@n%?r? rHres fragL.%wAg hole 8a

I con I's utilize esealng

bﬁ%ﬁég?%me@gﬁhg&bﬁe%uaég%éwﬁb%?atgveeé#@g@s%é@%sﬁwd 4. e

ni cat.i.on w.,th essur roduct n le. .
ele@(ronlc welghlng and pressd?e conve m ewce f 1S t%sgﬂeg inside the lower

space 7. The force F corresponding 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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10 7a and an upper space 8 in comunication with a
pressure introducing hole 8a by the afore-nentioned
pressure receiving plate 3 and the sealing liquid 6.
The electronic weighing and pressure converting
device 2 is installed inside the | ower space7. The
force F corresponding to the pressure difference

LI P=PI - P2>0 (or LP=P2-P1>0) between the spaces 7 and

enfs&fRhe %@pPB rindEbddea sire olited cand (B thepélettrodici weighing and
conti nuously neasured by the said el ectronic wei ghing

présiiire RioriveH 88\%@@ i@ﬂoﬁé&h?ﬁe& witi ¢hé IbaseeEgbept for these

ues as nedsured are conver to the differenti al

dlfférrgna gea?I R% dthér & }Hc"ﬁﬁné?)?‘t HBWEL &fe dferfticaltd 1 !h%se of the

contil nuou IS a cross sect 1 onal

h
SR T Wb 20 25, .
T SR oS BRG] bRt e e

enbodi nent is the sanme as the first enbodi nent

pointed senchisbapeda,nand gherroifies: PRAAP 1S ANCAJe e'iac?@& receiving
for the following, i.e. (1) the upper part body 1

graont 86 formadeon fie towssdgcd sidefdhe pressure s6ejving @,!ﬂte@ so that
W t hout using flanges, (2) 18 ends of the supporting

thé tatyrat nesvenpentrif¢lde presduS)yeddindng plate 3daipcevantgtii nghe shape
and pressure converting device 2 is not equipped wth

arld"SurRB&E of TRECSMbpdring bodyet cah beestzensas dbsirédhas dbomgas the
constructions of the device are identical to those of

ké%ﬁs,@?%'ﬁ@gdﬂs%f@gn%@v PR ol o
eI oy B, ™7 L IR e v
s B FA b I5ar T SO ol r P CEERBYER ) e

ressure receivin late 3 is ent The shape
thgt both the upper and Igwgr enc? parts arg in t e pomfed end sha;?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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and nunber of the supporting body 4 can be chosen as
desired as long as the 10 pressure receiving plate 3
is securely supported. Wth the enbodinent in Figure
2, only the upper end part of the supporting body 4
is formed in the pointed end shape. However, it is
possi ble that both the upper and | ower end parts are
in the pointed end shape. Furthernore, with the
d&dmpdynent in Figure 2, the electronic weighing 15
and pressure convertlng device 2 is installed inside

t he ovver S Howeye o) [
and plsag%a aﬁ*tﬁ'gwg?fha{s Bl qefe@% it ioPe titerentia
S and fac i n.the, downward direct

PiRRENE hE Apphied Gnahe RGN WelM G A58 pesat,S cntverting device
fi xed by way of the supportl ng body 4. Wen the .
ZCUhstheudﬂtrafprBGIS@cﬂbm\&ﬂ01 diffarantial tmeswresgu%surmg device in
receiving plate 3 is 20 suspended for support, the
acasrdancen vithhtheppresent mveatien Vilustratedhire Figure 1. ndfigdesd3 shows
and consi dered when determ ning the offset anmount of

thiehstatd @€ thé ring-siwap@idl iguid asuhling gsst!Re ( thevewdinggwall 3b of the
device 2. Next, the principle of the operation of the

pidsEliRs RIRNi g'ﬂatg‘:?éﬁd dhd SBERAY lighid IR SRMaYs kl;ﬂﬂ)ve 9)

evice I n actordance with the present invention is

Iﬂﬁ@ﬁ r\:\:I‘Fb"?'ldth ﬂ%?érﬁ{a% p?ﬁgsdz bIAFE bé (ﬁﬂ P IR 9;5Aé/clg 7 and the

raw ngs FS eren pressure

ied on the eIe .roni ur .
WGBSR izt TOI B BROM *ﬁgpﬁa‘@% 9 3 irfg-shaped liquid
mcro-differential pressure neasuri evice in
sealfr pafcR shawn t“}"é)"brﬂé%f@n?x'ﬁﬁvafﬁ id%%-‘rﬁn‘i%lsleﬁegﬁw P1—P2>0
Figure 1. Figure 3 shows the state of the ring-shaped
betwpendthedawengpace 7 aRd(the nppsespacgy8uwal | 3b of the

pressure receiving plate 3 and the sealing liquid 6
i nsi Refdrting sicw dgdigureo8ear®) Figure 4, S1 designates an area of the

upper face of the pressure receiving plate 3, S2 an area of the lower face 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, P0 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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shown when the differential pressure AP between the

| ower space 7 and the upper space 8 is zero. Figure 4
shows the state of the ring-shaped liquid io sealing
part R shown when there exists the differentia
pressure Pi-P2>0 between the |ower space 7 and the
upper space 8. Referring nowto Figure 3 and Figure 4,
S1 designates an area of the upper face of the

© paltf @5s08ndls! dflleV tHeo lighiat Rvél oPaheninaeedingtstdped part ascends.

| onerface of the pressure receiving plate 3, P a

Re@@ﬁ“lﬁpttéi urb@pljiﬁ%'d Hi@tddc@%éﬁw@en $héIWerieHd faealofife sealing

acceleratYon an area e outer ring-shaped part

wall gbt%\'gd fHe Lﬁ:’é1 ?e%?'ot1 h%‘ﬂ er ﬁrfgals?é‘[?% ﬁéltt sﬁowﬁ%vﬁé(]w Heré exists

|nne rrng-s I Ng-S

the, Sl Wepatde” ¥ i % B SSEh HE B ouer

) ssure is zero, hbo a dista the | ower, end. .

rinG F@PEH RARCSHOMD MG TRRTS SSE RS diETE Rfeﬁwaa'ls’ft%eq'qu'd
the sealing liquid 6. Then, the 20 sealing

levgl shewnenhen theudifferrtiab pressuce is7ermn s2s%a|dlﬁf§nﬁﬂ|het%en the
inthe sealing liquid 6 is expressed by the equation,

liqEiddevel-of fhe inTtes.ringsshapeshpart shownwher thene exists thendifferential
that the pressure of the upper space 8 and pressure

pradsurd andaheriqeithleyel skaown Rihantht@ifferepiait pressyrevis tZero, and
the differential pressure P1 -P2 (P1 >P2) being

Pbagse flquiti resduteiA the ler@ind face @ tiRd séaling-waiRRB&hd@n when
part descends, while the liquid |l evel of the inner

thélrgra;qﬁgﬁﬁ@dlﬂg?%ﬁt,a&gen the IReferrl ng to Figure 4, hb

I St ance ower end face of the

Seag"hgﬂia l&%lot esifird P di‘ific 1t ghd Rit8lofthe SBAIIMYWENI 3b shown

rin here exi st's
erent.i

di f J al d .h .
el B RS s i B088 of TGRS cauatin
vvhen there exists the differential pressure and the

(1) quid Ievel shown when the differential pressure is

zero, h2 is a distance between the
Pb=P1+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+h1...... (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—S2)Pb} ...... (6)
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liquid | evel of the inner ring-shaped part shown when
there exists the differential pressure and the liquid
| evel shown when thte differential pressure is zero,
and Pb is the liquid pressure at the | ower end face
of the sealing wall 3b shown when 10 there exists the
differential pressure. The liquid pressure Pb at the

| oner end face of the sealing wall 3b shown when

t heHerex($t-sSkhie rdpfdsantad byl A|$=e$sm—620 s..exff)essed by
the followi ng equation (1): Pb = P1+ p g hb = P2 + p

9 ( rI’”b ih Buatidioi) is substltlﬁté)i in E@uéhéﬁ (G)ch obt&’ih Equatfon (8)
(hi + h2) ...... (2) Al hi = A2 h2..... (3) from

Equgd L 2) (andg Equa the dlfferentlal
preiu(r;g; E ﬁg qa ex%:sggg d by Equat| on (4). Pl -P2 =

exerte the ssur, appl i ed t he r
| ower = d%éfs‘ ﬁi égb ?egel é%@ %IQ‘F %h?sq%ib) }
expressed by the foI I ovm n t| o 6& F=S1P1
- ~s2PS (Bt s2)PhjP 2. T e)g Esz) is
represented by A S = (S1-S2) ...... (7) Pb in Equation
(1) i §SubHti tutRe)i mEqdE pan (B) Hlb2d0t Bidn--Eqdd) i on
(8) F=S1P1-(S2P2 + ASPb) =S1P1 - [S2P2 + AS {P2 + p g
( hi fifie+isepohd )terrd ofth@l abovie| Ezpuatich (&) samdmy rewritten using
(h, +h2+hb) }

Equation (5) to obtain Equation (9).

F=S4(P1— P2) — ASpg (h2a+hb+hy)
=S4(P1— P2) — ASpg (h2+hbo)
=8, (P, —P2) — ASpghs — ASpghbo....... (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=S1(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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=S1P1 - S1 P2 - ASP g (hl1+h2+hb) =Sj(P1 - P2) - ASP ¢
(hi +h2+hb). ... .. (8) The second term of the above
Equation (8) can be rewitten using Equation (5) to
obtain Equation (9). 10 F =S 1 ( PI - P2) - ASp g
(h2+hb+h1) =Si(Pi - P2) - ASp g (h2+hbo) =S, (Pl -
P2) - ASp gh2 - ASp ghbo....... (9) The third term of
t he above Equation (9) is not counted, that is to say,
Faldg , (M-I P Zpro— gk she pi,ne ¢f, peasyripg, t/h:ehz

di frerential pressure by resettlng the 15 weig

the pre recgi wi ngq pla I_,et _______ 1

wei ghi né%sﬁqs pre§§ re{gconvé I%I ng%w c qz &hé%* ﬂ1 ()

d| ffeyentigl \pres s zer Accordingly, the force
?Mal I@ et ec%ﬁé “the’ gl g?:troni ¢ wei ghi ng and

pressur rtin c r ed by uation

(10% TS LR et 8 B9 T Ihe R DT 287550 when

h2 is ellmnated b substltutln Equat i on (4)

Equdpidstermipp the diftesential p(qus)uregPam%?m@IcfE@JH?.quﬁct of the

(12) for calculating the differential pressure Pl-
mazsuremieot fremuthe fencel Fanmeasdred dyotheaielasironioweighing and

Equation (11). Se in Equation (12) is an effective
pressess gorvertingidevivg 2 remisdditided by the Efieative nedeld@hg a?@a Se.

Fa=S, (Pl - P2) - AS (P1 - P2) / (I +A2/A ) =Sl (Pl

P2) There i nd\n8ed At It tHakeA A B part[cuAIarly émhall)confgdiring with S1,

P2) Fa/Se .......... (12) Se=S,/{l
or% Fﬁa(k@ 20A2GG5) 1d At when tlﬁé3§alé di ﬁa%ﬁ‘b&‘sfﬁrﬂ‘?mb&ﬁdtfferentlal
rential pressure (P , I's the object

pré’gsutré‘ﬂ'leasurlng device is designed.

When the differential pressure (P1—P2) is slightly changed, there is seen
a slight deformation in the meniscus formed 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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measurenent, fromthe force Fa nmeasured by the

el ectroni c wei ghing and pressure converting device 2,
Fa is divided by the effective receiving area Se.
There is no need at all to make A S particularly snal
conparing with S1, or to make A2 equal to Al when the
said ultra-precision mcro-differential 10 pressure
nmeasuri ng device is designed. Wien the differentia

pr ef\%“ ﬁﬁtédo ]abovez)wﬂﬁ' b1 GirblpreeRmM0 dlcrd-affeferitial SAAsuring
I ght deformation in the nenlscus formed between

deyleg {H(ﬁH{ﬁ%rérﬁ\é‘Flpré)és&Qﬁrﬂ bé%ﬂt%mgd%gﬁ %u‘é{ﬁmgb (12)

eaI ver ecause

oy B, f“ﬁc‘aa&@?%?%ié&i?rhé) G e I pkdtsronta

si de 23|d vvlth e result that surf .
PreSSHES i‘w ke 1 PG KRG fcmetinel. SFam apAdhe like can be

meni scus i s conpensat ed, thus not resulti ngf n the
chosgfaribe sealing lipeigds, anﬁyraﬁweaﬁgnsm plate ditpr theraasen that
pressure. If wettability is uneven due to stains and
the akove Rentioned Equattionf{42kis itretavant teathebdensityoosidbithe sgaling
that the wetting state changes over tinme such that the
ligeid&pand He whight of thenpressareordceddmy plate Bi qui d sur face
of the sealing liquid 6, the sealing wall 3b and the

seaNeht] |debidriBedt Merdlindbrogy et bRISG Betwednerthel external
factor disturbing the force Fa exerted by the

d|ﬂ$|§§|8ﬁ§6f b FHs%ﬁ?é’Fé‘ceG E'r? gleﬁ’g):i thd rifiu® GifféntiANpressure

Bot] Ve Colnt of measur e to app y an appropriate
R AR S OO 8y o
BTt A bR S 1 el b
thelbaic NN e AL PERRSLES 19 §PBLaTRa By e Of (he dynamic
precﬁgﬁggto?trhe Q%O\val. nd of material, shape and the |ike can

Now, if the effective pressure receiving area is designated Se, the
differential pressure AP, 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 =F,Se =0.1,”Se {g/mm ?) = 0.01/Se (kg ¢ i) =0.01 X
10 */Se (mmAq) = 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 A P is designated u (m.’s),

The following equation is obtained:
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5 chosen for the sealing liquid 6 and pressure sensing
plate 3 for the reason that the above nentioned
Equation (12) is irrelevant to the density p of the
sealing liquid 6 and the weight of the pressure
receiving plate 3. Next, described hereunder is the
rel ati on between the external dinensions of the
pressure receiving plate 3, the nininun1differentia

AR 8T/ A= TR TG L2 oot aEL ’
?F8° Wb anEy TRIPGHRopTaRu (hE 31 b ﬁv%t . pth se in the

differential pressure is expressed in terns of
atgyamentiongadeEquationt A t Re =200 3. (MppHa) ibeintha parameter and
effective pressure receiving area i s designated Se,
theheelogity didfftbeeit flew havingstheedynamicapressuee eefresponding to the
applied to the electronic weighing device F, the
diffecerdiapréssune it dbtaied; tloaresudts exe sheowadn TpbEqgtidelowm F
= Se A P. Here, assum ng 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 measuredis: AP=F/ Se=0.1/Se (g/MM 2) = 0.01/Se (kg/
c A=0.01 x 20 10 4/Se (nmmAg) =1 OO Se (mNAg) If the
[ﬁﬁﬁkﬁijty of the air flow at the roomtenperature and
at nospheric pressure having the dynam c
pressure corresponding to the above nentioned
differential pressure A P is designated u (nfs), The

folTowmng equatiron I's obtarned: P4 AP= Pu 2 | 29 3
Ap eftestive diogtegopthe pigssutB378 U 2 (nmmg)| Wien the
differential pressure AP is calgulated with Se in the
rexfeiving surface egdivatprdito dhe Affective | 100 Se (jnmAg) beijng a
par anet er, and
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 correspondingto AP)

In Table 1 above, the effective pressure receiving area Se is converted to
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the velocity u of the air flow having the dynam c
pressure corresponding to the 5 differential pressure
is obtained, the results are shown in Table 1 bel ow.

[ Tabl e 1] An effective dianmeter of the pressure

recei ving surface equivalent to the effective pressure
receiving area Se: De nmm 100200400 Measured
differential pressure: A P nmAq

0. 0 p&/statP3ES) if tHeY 8vdnt that, Y&r @cirhplethd dffective didmeter De

at roomtenperature & normal pressure: u m/ s (The

of ‘t’ﬁ’é efrbdldr Predstife ?ééel\ﬁlhg‘ﬁléié% ﬁ@OHiﬁoué‘lﬂ?Qﬁe %?é’c"cfbn@@ﬁ%hmg

dynam c pressure correspon |ngtoA O I'n Table
Bt Fei A st gty s o
eXaIm ctive di te

7 g F g oife8 é%afsmep AR 5.0 2 53timAde The (g

| ecfroni c wei n essyre cony
SitR HiRsswe: o Br29Blinghhgin 3@%&899&% $he fBetyve gfameter
measured differential pressure AP is 0.01273mmAq. The
DavisA00ram. 5 lathis @aémﬂwa|dt1@¢r@§§alrweﬁwrues /3ot mﬁmatqrrsrolumn of
the event that the effective dianeter De is 400nm In
a fenv buodras, namemetdritenving effectivecfigunes ofrahsiutitheeendigés can be
colum of a few hundred nanoneter having effective
méasyreés of about three digits can be

As described above, with the ultra-precision micro-differential pressure
measuring device in accordance with the present invention, the micro-differential
pressure having effective figures of three or more digits can be measured with a
high accuracy by employing the electronic weighing and pressure converting
device 2 whose weight measurement capacity F is 0.1g~0.0001g.

Figure 5 is a cross-sectional schematic view of an ulira-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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measured. As descri bed above, with the ultra-precision
mcro-differential pressure 10 neasuring device in
accordance with the present invention, the
mcro-differential pressure having effective figures
of three or nore digits can be neasured with a high
accuracy by enpl oying the el ectronic wei ghing and
pressure converting device 2 whose wei ght neasurenent

illustrated tryFigurs 1080 Rig@re@Mtiusivé.gure 5 is a

cross-sectional schematic view of an ultra-precision

15 dwfth ethénééo%ﬂndpheéﬁ%r? lmﬁé@dr@%%ﬂ'\é' SetHendlwdmg film 10 is
accordance wth the enbodi mrent of t second

utl!IlEé@%!l%lateTﬂFehﬁ?ﬁQPQ%I VI ?éés‘ﬂ e P4 i%rp?miefrg;BJEE@ulfezrf@tm the

I nvention I n |Im I nst

o Bt PP el Bt ooer
d h th f { trated
""ﬁf baﬂ{%%?ﬁfeofvf‘kﬁ% & presstre s %%JZ@OM@{@SS%%% megaue.
desi gnat es the devi ce bod 2 the electronic
vvel dh'ﬁrﬁ'{?sﬂ’ﬁabpﬂ‘é&ﬁlﬁ @ivicing, tim 1&@%@@ dellovdng gharacteristics:
(aﬁressure sensi ng EII ate, 4 the supporting body (a

@mlodllmﬂwngﬂem ity (chatacﬂerw’t@mcwemgﬂeﬂbiehe | ower
space, 8 the upper space, and 10 a dividing film All

(b} adomerterwarkna thecéleotraniexweighinigoand peessdire converting ldevice 2
10 are identical to those of the afore-nentioned first

is | moteriensd 2wheh! tsd ravidihg Hilmi 90r expands Fdrd¢bhtracts with the
i nclusive. Wth the second invention in the said

terﬁEGFHtﬁréchéﬂg% Shytrl née, fangm 10 is utilized to isolate
e upper space pressure Pi (a primary pressure) from

(c} ﬁ?tlgh kg H’%‘iﬁ’tgﬁf %55\}5,-% IE%P (RridA U, a*rﬁ{ %&%‘ﬂéﬁ% corfosion

e nmeasur a irmt val ue

A0 b 5, b, Y R LI i o
mg{afc'ﬁlm WIJ‘I %llcl%%snsgofc g ai C,Ltz ﬁ'llr fssl}s!e%s

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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(a) athin filmhaving flexibility (characteristics of
being flexible), (b) a force to work on the electronic
wei ghi ng and pressure converting device 2 is not
exerted when the dividing film10 expands or contracts
with the 10 tenperature change and the |like, and (c)
air-tightness is maintained over a |ong period of
time, and excellent corrosion resistance is

filx{0 Riré @8sentld htd MRe ﬁmﬁfgfﬁt' odERO3H At 1d ?or'i'r?éi at & Jight angle

or athin nmetal fil thi ckness of 5-200 p mis

relé%@g tol Th&" &N &r\?céth tRE ChrelsQuik® r@%{nhgde tf‘)‘ear(ljﬁée the inner

el ectronic wel g pressure I ng Vi Cce

t
g?’@lr}rggm%ﬂ fﬁé%%qghg ﬂg\?/ﬁr %gﬂ wo"lqu\'negéeétgl%% eand hermetically
ture ch andthellke bot h ends of the
bo&'d\gﬁgf’gﬁr?rqsﬁfead%gps%ecured to the pressure receiving
plate 3 and the | ogwer part la at the sane
| atRefgrringintigure §; O QGS'QVé@t@ﬁtthe digrater ebthe pressuEr) RG@IVIng
a chance that a force to be applied to the
platect. e Smenzpanecketeieenttheeind fase gifithe) pressure resaivingmiate 3 and
converting device 2 is induced, the dividing film10
thé innsowathface of lthe kemardpart bsﬂp\ma, Fa aHogee applied-togiessléctronic
is a partially enlarged cross-sectional view to show

wdighting ehd pmsnreﬂMde@Nv%déﬁaéa tBrautsh therdppdining!bedPy out of

the dividing film 10 e outer and inner peripheral

a foréd Bxeted B9 tﬁéﬂiﬁéféﬁ‘!laﬁtd?e@édrﬂ" P4 QP2 PR8-pP2)SERPS force applied
dividing 27 film 10 arelnserted|ntothef|tt|ng

to %é’ﬁ?ée'%%tlf%c%ég\f h@* pl |46 [ﬂg gggﬁF a "fér%Bte@Pt%heoq fhe! &!&:Hﬁ-ﬁ% filfh 10.

the recervi
: csige Fs O iehRehas PRGN bl Lo plesBiit pagbiving
élgn) ;’:n.;q trbqs Igﬁfgs Irggalggggqtl v FI é{:@?qa%gtt% ds%salcg% L|se Srefa%vely small

compared to the diameter D of the pressure receiving plate 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 4. Then, Facan be expressed by the following equation (14).

Faz=(Py1— P2) x n D¥4+(Py — P3) x =z (D + & )x §/2
=P, — P2) x = D%/4x{1+2 § /D +2x(8 /D)?}....... (14)

Now, with the diameter D of the pressure receiving plate 3 and the
breadth of the dividing film 10 ( or the space § ) being given, (P1—P2)=Fa/[(=
D2/4)x{1+28/D+2 (§/D)2 }=Fa/K...... (15) is obtained from the
afore-mentioned Equation (14). Here, K=(xD?/4)x[1+2§ /D +

2(8/D2)...... (16) The differential pressure (P1—P2) can be obtained by
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plate 3, 6 a space between the end face of the
pressure receiving plate 3 and the inner wall face of
the |l ower part body 1 a, Fa a force applied to the

el ectronic weighing and pressure converting device 2
t hrough the supporting body 4 out of a force exerted
by the differential pressure (P1 -P2, Pl1 >P2), FID a
force applied 10 to the pressure receiving plate 3,

dividiflg Fra defeRtcPbeHIts eREUORId Weighing Hh8 Présdure Kdnverlitgy device

afore-nmentioned Fp is equally transmtted to the

77 i and the |ower part body 1
2 lﬁ[ @%%Hr%térﬂ%bf’tr%gderﬁirﬁihﬁté’r

cause the space 6 Is relatively small conpared to

g the pressure receiving plate 3.
Fe i%", strBi E’to be transmtted to the electronic
wei i ng,and 15 pressure..converting device 2 throygh ,
 he TaPor A apresSinBy TG SiErTiiEh o RiFSsUre MegsHings dpdce in

80@53;&5 ﬁw%tmﬁ%%res%%(ﬂ%ﬁaﬁ(ﬁs;ﬁs%cdﬁﬁ% Sg}&aég Qaﬂﬂﬁ;&nt for a
the following equation (14). Fa=(Pi - P2) X 7r
diffgrentiql ppressyrg) gauge, and-algo)ysest for memsuringahexpressurep drop
/4x{1+2 6 /D +2x(6 /D2} ....... (14) 20 Now, with
charastelisiicet ef aDlaw-redistapce sfiltare mandteringnthepffiter cBasanderistics,
the breadth of the dividing film210 (or the space
asSoduing e flew chBradt@jistics/ f(tRE fluld Bquipiment wiiéh Bedls(wittDgases

) 2)] = Fa/K...... (15) is obtained fromthe
undéphgetBbéd &F@é%u?élu arhelttd precidieh Yiffdfrentidl [reBsdre measuring
T4)x[| +26/DF 2 (B/ D2 )] .. (16) The

coffcb! i BbcRbaie it P R HeRERCRAMIBEN 2] for the

ect ed ronirc weig

G I TR AR i
ecC.l al on m crdot-helli e.er entl a pressure neasuri ng

pr(%sgy?% gP{IW industries an
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5 accordance with the present invention is used as a
standard instrunment for a differential pressure
gauge, and al so used for neasuring the pressure drop
characteristics of a lowresistance filter, nonitoring
the filter characteristics, assessing the flow
characteristics of the fluid equi pnent which deals
with gases wunder a reduced pressure. The
ultra-precision differential pressure nmeasuring 10
device in accordance with the present invention is

Wihtded vidikpeg: for the neasurenment of the differential
pressure of approximately 2-5 atnospheric pressure in

1.1 AR YRESRHE60n et Biteleifial "Brespfe) kBbutifig CuBUEL which
is: I ulf'tra-precision mcrb-ditierential pressure

devi.ce conprises a device _bo

neasurin i.ch. 1 -
cof RS heViRR Loy phba NG R ane Shebedivies; aiesei raseiving
late 3. which is installed in the inner space jnside .. .
plafa waishds nstalleciindRe iener srace Reide dhe deNiGerbagyat and divides
hernetically into a | ower space 7 and_an upper space
thegsaidrinnen spacedmronatisalinintg adewep spaee f ansban dppengpace 8, an
device 2 which is installed inside the |ower space 7
eleshib naon wisighiihg taimel pressere comearting ideyiqel Atwhighiis installed inside
supported and fixed, and a liquid sealing part R

thevowadr dpagei ane @nswhich the peesguee irebeiviag platet 3 &f sudpdrtes and
above-nenti oned pressure receiving plate 3 and

fixéd ! ahd @duid SeBRMGPaR RRehich RYBId-§6S ¢hed caltst pdrphapaieart of
space 8 so that a mcro-differential pressure between

g SBOREERFiod PRISErd 1oL B0 S cry sy Sepsites e
Iovgt%rgg{)%(g@ :07? @E@Lﬁg @gggF%p%rasgé ‘,ngo: tlgé{%eﬁﬁérag:liff&%}‘ljﬁgle pfessure
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.

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 wali 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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15 2. An ultra-precision mcro-differential pressure
nmeasuring device as clained in Caim1 wherein the
device body 1 is so constructed that a | ower part body
1 a provided with a pressure introducing hole 7a in
conmuni cation with the ower space 7 and an upper
part body | b provided with a pressure introducing
hole 8a in communication with the upper space 8 are

CRIAF WIRRBARE U1 phekefE oi0ED 58 1oSRRNSER e Malthapeo disc
body, 1 i i ded ing-sh i i qui.d

o Bagand acverigaaalab; fnich " ReRAaRcdeiRgardIR droltie outer

. 3. An ul - i si ' -di ff tial

PR PEiNRASERAE Fevi co a5 cl ai med in O aim 1
wherein the pressure receiving plate 3 conprises a

4.iAmulterapaaision seicepdiffesential pressuse mearuringederic as claimed in
receiving plate 3 conprises a flat-shaped disc plate

Claim dndhereir dhé etpoleinic @eighimg Bnd pressise donwerdingl gevicois so
the outer periphery of the disc plate 3a. 4. An

cotistruated) @vatsthennivasurerfleht Qakiesi dle ROAHRIGLSIYRASH i00Y of the
device as claimed in 5 daim1 wherein the electronic

el¥@r&HIE r\ﬂe@ﬁﬁgﬁé{ﬁéf{ﬁ%@ﬁ@&@ﬁ@éﬂﬁg 32%%&?2 |rie¥hc§‘?orm of electric

construct nmeasur enent ues ar
: [ . . el ect ' L ghi d
SigPG Y IRl s RilioP bre36res b8 Plitiey S Bl
5.S§;ﬂﬂnﬁ{azpre‘%comngrgﬁigrg —@ig‘t&?ergf_aﬁ kﬁé%ﬁ{ré%lj sréjgil?@lu es|ceb )a{lsaclaimed in
mcro-differential pressure measuring device as . ,
Clgin;j fratineiein 1be cplgeiionicweiohing e eressure aNVRging deyice 2
and pressure converting device 2 conprises an
cagnpiisaso @inc eleatgmich gveighinge denigea andnputemputerc which converts
converts neasurenment signals fromthe el ectronic
measwbment deignats tfeordi fifier electrahic weighingeslevice to differential
pressures.
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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6. An ultra-precision mcro-differential pressure
nmeasuring device as clained in 15 Caim1 wherein the
el ectroni ¢ wei ghing 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 mcro-differential pressure neasuring

bodg Vi, e seaslirg] Ryuiads filled (A thensbaliipliguid stbmagel giovend,cand the
wei ghi ng and pressure converting device 2 is so 20

QhabeH Cd&linghwhll t &fe@ﬁfﬁ'&q e Ml NGof e pdriph f th
rlnguppgrted bly?bang f:f!ﬁgd to t Sio suppl)-ortlgg bod;F/) Z'b ergsg ©

préﬁ%?é ré‘dé‘ikﬁng 14t8%e5 IR %S?r?c!a oP\?IHEh% et Rtb tH: seAéﬂlng liquid

tra-preci IOﬂ m Cr o- pressure neasur

s claimed in Claiml wherein a |iquid sealing
Bf%)a[ﬁta%é %brrpri ses a ring-shaped sealing liquid storage

9groove 9 forpe %% nner wall face of the.inner, . .
6&&&"@?!’?%@%&% B‘dﬁj P{essyire MEasWing; 4gYiep @s claimed in
filled in the sealing qui d storage groove 9, and the

Glaiy S whsein sba ligwid \ﬁsalln@ Pagk ReisasiiAcsotipakedasy thatouniform

the periphery of the pressure receiving plate 3 a
weltability isdsedured icptirdly or paslytanthediquid rentasting pgrtt i qui d
6 fromabove. 5 9. An ultra-precision

10nAaruitraiprésisiont difiéreptiespressureemeasurigg deviceewkish comprises a
claimed in Claim8 wherein the liquid sealing part R

dévice bbayg ¢-Haviras adlirrerspate indided rapressliieairickiving plate 3 which
secured entirely or partly on the i quid contacting

iB3hétalld®@in g{bvhqnte"r Bf%é’ﬁedlbéfb‘ifd?”f Al |8é§ 'ﬂ'i@ said inner

neasurlng I ce conprlses a “device
LB 1 S 10 5. eron
elBni odf ppeales B aliay dEked wSEG%AHS@BAE? @i awace on
WeishduS BTesiTRIrpeR MaGH BlE- PSSRt it sogued, and a dividing
film 10 provided 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 infroducing hole 8a

in communication with the upper space 8 are placed opposite to each other and
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whi ch the pressure receiving plate 3 is supported and

secured, and a dividing film10 provided in a space

bet ween the outer periphery of the pressure 15

receiving plate 3 and the inner wall face of the

device body 1 to keep air-tightness between the | ower

space 7 and the upper space 8 wherein a differentia

pressure between a pressure Pl inside the upper space
cofibintdl ® farefRlteviced boty teande fittingrgropwe Sd7isi formed on the

measured by the el ectronic weighing and pressure

oufe? PERiphERZoMY préssund rRcbihgPprats Brt d ASIR Aidl8 rdadlé thereto

3. 20 11." An ultra-precision differential pressure

|. . | .
so BN o F2fiofn2S o o)yl FisThserf o Betig groove
Lo i de , o] . I o
3 FlelA PR gntle e G bR hEBR Y EHE PR o pBay 1 ata
. part body 1 b provide ith a pressureg. intrqoducing.
iofbphoBareletve biFrela ntding: oSl asppioh”hdee Bestion of the
pl aced opposite to each other and 32 conbined to form
afareanetiones filting groovamad sorthat theyodies peEPBany of thergidding film
on the outer periphery of the pressure receivVving
101i$ inserteddntodheififting grogpive 1del ati ve thereto so thatthe
i nner periphery of the dividing film210 is inserted
12i An alttdpfedisiondifferentia préssurkinheasuringtdevige gs claimed il Claim
is formed on the inner face of the device body 1 at a

10 whiéralt thRN@ivRIike filth | 10eist A BFifT-Sha&set dividing filRSbired ot resin
hi gh as the position of the afore-nentioned fitting

ﬂln?:bf%]Vtﬁir?’%e‘iélﬁIHﬁ‘anHZ}?n Ber‘?:pﬁg%prHF_‘ffaYt & thbh&id HWi&i'?g_cﬁlm 10

10 1s inserted into Itting groove 1 d.

anf o 146t PERGARE Balf (LG bl oS04l FirEBRBY RS he fiting

as' clal med Fern I Vi

grcgdglgﬂqdlgflﬁfcéf &?Vﬁéé} E&ifr'ﬂ piﬁer]% | ;/fi lrllg? a[f i\}egéggﬁ%gwgg?&e sensing

eri pheral part of the said dividing film210 and an
pla\%ﬁe’gsa@tfvﬂ»@rm part thereof are hernetically

inserted into the fitting ) ) . ) .
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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groove I d of the device body 1 and the fitting groove
3d of the pressure sensing plate 3 respectively. 13.
An ultra-precision differential pressure neasuring
device as clainmed in CQaim 15 10 wherein the

measur enent val ues are continuously taken out fromthe
el ectroni c wei ghing and pressure converting device 2
in the formof electric signals, and converted to the

welgHing bAApréssUre RBAVERIND eVicePPBE Hie4t thE pressRd réSslving plate 3
14. An ultra-precision differential pressure measuring

s SRy SAA1EA 1 el giBrutQpbguet n the ol ectronic

hi'ng "and pressure c evice 2 conprises 20

a Al - A . 0 .| . . .
1630 RFbreLiun MO BN P PG RS bs Mg in Claim
wej ghi.ng, devi ce i.nto the differential pressure  and .
10 NP e Sletianic Weighing and: pliSsuT BVaRNBAREe 2 is so
ressure nmeasuring device as clainged in Caim ]
colgBIdsd thatstheo equgsﬁge pRRRVIRg; Rlats 8vis ftpPPoRted %%fi 2'><§d d the
the el ectronic 33 wei ghing and pressure converting
supRarting bpdyd whase uppeperds oF loweas@idsiaTdpoth sre painted;
supported by and fixed to the supporting body 4. 16.
An ultra-precision differential pressure nmeasuring
device as clained in CQaim 10 wherein the electronic
wei ghi ng and pressure converting device 2 is so 5
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. 10 15 20
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