; e3e88, | 6T~v2 April, 2003 n~~~~~~~ STRUCTURE OR CONSTRUCTI ON_FOR MOUNTI NG A
PRESSURE DETECTOR FI ELD OF THE | NVENTI ON The presenmﬂs&r—t—ﬂﬂ—rel ates to

i nprove i mmlrelatingtoam)unting structure or construction for
nmount i nmmumum detector utilizing minly a sensor chip as a pressure
sensitive el t. 10 BACKGROUND OF THE | NVENTI ON Di aphragm type pressure
detectors utilizing a’sensor chip as the pressure sensitive el enent or
strain gauge have been wi dely used for the detection of fluid pressure in

pi pes. Figs. ST BM STIYRE QRIGEDNBTRUGEL@N1F @Rctors as

di scl osed in the inventors' Japanese patent applications No. 10-82707 and

10-008841. Th 8 ctor for
supporting a Bﬂ%@f@féﬁﬁl é gggé&rﬁeﬁg& 3?%2?%‘23?1&) chip 2, a
~ 106" VWWVAI ~M~RV~ 2 April, 2003 diaphragm 3, a di aphragm base 4, a
pressure transfer nmedium (silicone oil) 5, a seal ball 6, output |ead pins
7, and a weld 8. If a fluid pressure 10 is applied to sensor chip 2 through
di aphragm 3 and pressure transfer nediumb5, voltage signals 5 proportional
to the pressure froma sergEpPUCPITHERINVENTRINducer form ng the sensor
chip 2 are produced at output lead pins 7. Figs. 12 and 13 show t he
pressure detectors of Figs. 10 and 11 , respectively, nounted to neasure
pressure in a The present invention relates to improvements in and

relating to a mounting structure or construction for mounting a
pressure detector utilizing mainly a sensor chip as a pressure

sensitive element.

10 BACKGROUND OF THE INVENTION
Diaphragm type pressure detectors utilizing a sensor
chip as the pressure sensitive element or strain gauge have
been widely used for the detection of fluid pressure in pipes.
Figs. 10 and 11 illustrate diaphragm type pressure
15 detectors as disclosed in the inventors' Japanese patent
applications No. 10-82707 and 10-008841. The pressure
detectors each comprise a sensor base 1 for supporting a

pressure sensitive element in the form of a sensor chip 2, a

~100100™
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i0 pipeline or the like. Fig. 14 is an enlarged sectional view of a portion
Aof Fig. 13. In Fig. 12, a fixture main body 11 ha2 2REili %% nnel 11 b
therein, the channel extending fromone side of the nain body to an
opposite side thereof. The nmain body 11 is nounted i5 between pipe |ine end
sections 52 so that fluid may fl ow between the end sections via channel 11
b. Afluid passage 22 connects with channel 11 b and permts pressure in
the channel to be applied to diaphragm3. 2 2 April, 2003 A presser
menber 12drashsagm @, apldiaghizsm Based4a deaeissursltressfeomedesser 12. A
t hreaded cl anpi ng el enent such as a clanping boltl5 is inserted into a

t hreaded opening in the fixture main body 11 and, as the clanp is

ti ght ened({SiAicPHereid) Hot@ fpahPalyR et Wl leadaRingresdand a2WElgngs

di aphragm 4 downward agai nst a netal gasket 17. In Fig. 13, clanping

The sonsoll Bhatt i <BrERaBr el dBh Ry ARPN e G Bafagh abib el AR BRI 1,

lo In both Figs. 12 and 13, the pressure applied by the presser nenber 12,
13 creat eéi@ﬁhﬁbphﬁ'Q?Ené%leséﬁh?ebgﬁd‘gn@b@' m@RFkeh 37N NedyBesidmsls

di aphragm 4 'and tThe fixture main 11. The metal gasket 17 I's nmade of a
material that has a high resistance to corrosion and wear, and does not

genepat e dusporiioralapbr tiger pypsspressrom det semicd nmunstorugred sasreshown i n
Figs. 10 and 11 can minimze the so-call ed dead space when nmounted on a
pipe line or the like. This offers practical advantages in that the gas
exchangealbiiansgurernhiqmang the sensor chip 2 are produced at output

lead pins 7.

Figs. 12 and 13 show the pressure detectors of Figs. 10

and 11, respectively, mounted to measure pressure in a
10 pipeline or the like. Fig. 14 is an enlarged sectional view of a
portion A of Fig. 13.

In Fig. 12, a fixture main body 11 has a fluid channel 11b
therein, the channel extending from one side of the main body
to an opposite side thereof. The main body 11 is mounted

15 between pipe line end sections 52 so that fluid may flow
between the end sections via channel 11b. A fluid passage 22
connects with channe! 11b and permits pressure in the channel

to be applied to diaphragm 3.



2 April, 2003 desired passive state filmw thout spots, and with a uniform
t hi ckness, can be fornmed with relative ease on the Q.a&l’_ﬁhh_ﬁﬂﬂésurface of

t he di aphragm 3. The netal gasket 17, being made of a material having a 5
hi gh resi stance to corrosion and not prone to generating dust, is al nost
free fromOring corrosion-caused problens, unlike the nmountings of

di aphragm type pressure detectors using an O-ring. However, other problens
exi st, the nost serious. problem being fluctuations in measurenents
attributabl e toALPressefsmentdmn 1& reisés| 9Red AP hragM dphs g BNdRaphr agm
3 is very thin, on the order of 0.05 to 0.06 nm The di aphragmthickness is

reduced to rai.se the pressure detectign sensitivity. .In such state as
shown in B&ETDE 12hé$§¥%r°er,‘ RIS aa'st'bf éﬁﬁe@rqlet%@ai"%m%g%e@?ﬂzw tably
results 1G at the tine of tightening clanping bolt 15 when the contact

f f L (g t 5 Wikt :
urt ace ar{R s IEnAiR ReltRAaT A EREGE RIS 2 iR dd¥g BABR e
stress applied to the sensor chip 2 through 4 2 April, 2003 silicone oil

5. Experi mantise ek fu ePNHld¢hedodsi N ankl easutige delp@ipois Wightendicapar agm
0.05 - 0.06 mmthick, about 10 mMmin inside dianmeter, and having a

detection pressure range fromseveral 5 Torr to 7 kgf/cnZ abs. The pressure
P actd ng dorthe alckiply athmughs théghireg deheakPd - prekgercnb2 alpsyshed t he
pressure detector was nmounted on the fixture main body 11. The out put
diaphragm 4 downward against a metal gasket 17.
In Fig. 13, clamping element 16 presses down on presser
member 13 which in turn presses down on the sensor base 1 so
that diaphragm 4 is pressed against metal gasket 17,

10 In both Figs. 12 and 13, the pressure applied by the
presser member 12, 13 creates an air-tight seal, via the metal
gasket 17, between the diaphragm 4 and the fixture main body
11. The metal gasket 17 is made of a material that has a high
resistance to corrosion and wear, and does not generate dust.

15 Diaphragm type pressure detectors constructed as
shown in Figs. 10 and 11 can minimize the so-called dead space

when mounted on a pipe line or the like. This offers practical

advantages in that the gas exchangeability is high and a



Vs (mv) and tenperature characteristics ZTC (% FSIC) were_not nuch
different fromthose observed when the pressure 10 defPzidy 2¥3in a free
state, that is, not nmounted on the fixture main body 11. However, in the
case where the pressure P applied to the diaphragm 3 was | ow, for exanple,
Po = 0 kfg/cnR2 abs, the output Vo changed by nore than 5.2 nmy when the
pressure ~5 detector was nounted. (The output was 16.66 ny before the
mounting of the pressure detector and 21.86 ny after the nmounting.) The

t enper at ude séted apaesivei staterEilmo wHtIoy vt t oo tgyr @nd ywithua usiderim om
0.162 to 0.719. That is, as far as s 2 April, 2003 the output is
concerned, differences |n asurenents are too large. In respect. of

t enper at ubfd NG B8t §Pi”sbﬁcgrm86’, L ucfteiﬁf'i"&§ aasree%t’bﬁ)h PH B tBNEBRpensat e.
Thus, this pressure detector presents problens when used in practice. 5 On
t he ot her i I ortion of the diaphragmbase 4 is forned
as shown Fg?ﬁélj%e éflmgaﬁgéé'ﬁpgé@ p?r)'essure detector is tightened and cl anped
with the outer circunferential surface 4d of the block of the diaphragm
base 4, and theThengietd!r gaskenen?i deiviy e eldd Himaberigaskayidd 40 not
in contact wwth each other (FIG 14), the nmagnitude of change O VO in

out put before and after the nmounting under pressure Po = 0 kgflcnR abs can
be reduceligh resistahae to amrosioh and hikepi sre tthg arepatiagudeast,
characteristics ZTC (% FSIC) will cone within a range between 0.052 and
0.259. If the i5 pressure detector is nmounted on a pipe line etc., the

char act er 1%t818%0 8 IfreBef NI Oz 9 cEOIP$ P MCARY S 84 PE?BL'@]W%! Yhdte i c

correction procedure.
the mountings of diaphragm type pressure detectors using an

O-ring. However, other problems exist, the most serious
problem being fluctuations in measurements attributable to

10 stress, strain or the like on the diaphragm 3.
Diaphragm 3 is very thin, on the order of 0.05t0 0.06 mm.
The diaphragm thickness is reduced to raise the pressure
detection sensitivity. In such a state as shown in Fig. 12,
therefore, stress or strain on the diaphragm 3 inevitably results
15 at the time of tightening clamping bolt 15 when the contact
surface of metal gasket 17 is brought into contact with the block
lower surface 4f (Fig. 10) of the diaphragm base 4. This

changes greatly the stress applied to the sensor chip 2 through



In the nounting construction shown in Figs. 13 and 14, G 2 ggril, 2003

t he magni tude of the change D Vo in output before a ting of the
sensor will be small. This is because the gasket 17 is placed between the
collar | ower surface 4c of a collar 4a provided on the di aphragm base 4 and
the outer 5 circunferential surface 4d of the thick (about 2 mm bl ock 4b
of the di aphragm base 4, and further because the inner circunferenti al
surface 17d of the netal gasket 17 and the outer circunferential surface 4d
of the bl tkcameaod ®ot in contact with each other. Therefore, even if the
presser nenber 10 13 applies downward pressure on the netal gasket 17

t hrough the sen&gﬁ[ base 1 and dia hr%%m bgjse 4, the ugward aHd dO\{vnvvard
reaction forces3PYHESRINWEERKePNERCILL MSINGBPUEESHY & AELBGIPAr 4a of
t he di aphragm base 4. In other words, alnost no strain or stress, resulting

f i gh NG, g i : [ VAN bl ock
a0 ot t he "INt gR RS i s M E AT RIRE] PR A BRI RsldE o' Vo

in output before and after the nounting of the pressure detector and the 7

2 April, Z08méssmesntiunavengracderestion prescUre fFangkefesmseahvleras
possible. Wth the prior art construction or nounting structure shown in

FIG 14, the trouble is that the nagnitude of D Vo is still too large. 5
5 Torr to 7 kgf/cm? abs. The pressure P acting on the diaphragm

3 was high at some Ps = 7 kgf/cm? abs, and the pressure
detector was mounted on the fixture main body 11. The output
Vs (mv) and temperature characteristics ZTC (% FS/°C) were
not much different from those observed when the pressure

10 detector was in a free state, that is, not mounted on the fixture
main body 11,

However, in the case where the pressure P applied to the
diaphragm 3 was low, for example, Po = 0 kfg/cm? abs, the
output Vo changed by more than 5.2 mv when the pressure

15 detector was mounted. (The output was 16.66 mv before the
mounting of the pressure detector and 21.86 mv after the
mounting.) The temperature characteristics ZTC (% FS/°C),

too, greatly fluctuated from 0.162 to 0.719. That is, as far as



SUMVARY COF THE | NVENTI ON The nmain object of the present inventionis to
sol ve the above-nentioned probl em encount ered when tth@paibph2%in 10 type
pressure detector having the constitution shown in Figs. 10 to 14 is
actually applied to the pipe line or the like. That is, an object of the
invention is to solve the problem of |owered neasurenent precision,
resulting froml arge changes in output and tenperature characteristics
caused by differences in 15 stress or strain on the diaphragm that arise
when t he pnessutputiéseconceiraedhudifddrencesse inimed suname miedereTos obj ect
is achieved by inprovenents in the structure or construction for nounting
the pressure detector on the pressure detector fixture 8 2 April, 2003
mai n body!8W@€hat (A )re®RACtheObr d8MPRrabieRt FNREAFIKEELIGS t h&OPi xt ure
mai n body the output and tenperature characteristics will be hardly

and (2t A GHALERS BEF TatETaluR st B rRpST AR o T RESHHLS, Phes REE" °°
Wi t hout increasing the dead space in the fluid passage. An object of the

i nvent i on die3 o M $i8n fs Priotlethe Wh P d 4o Erﬂaﬁ@rcémunti ng a pressure
detector, the pressure detector conprising a di aphragm base provided with a

lo di aphragm and a sensor base fixed to the di aphragm base and havi ng a
bui | 5-i n sensor Cai etteat othatr isamdi i ifattéce wpehiphepabhcpoetiorof of hthe

di aphragm base, the pressure detector being inserted in a nounting hol e of
a fixture main body nounted in a pipe line with a gasket placed under the
pressure 5287 a&M0r baske 4o 8sEQFB edbtaTITIOWE gﬂgssbﬁ, &dfifxEiein an
air-tight manner in the nounting hole by a presser nenber

pressure detector is tightened and clamped with the outer
circumferential surface 4d of the block of the diaphragm base
4, and the inner circumferential surface 17d of the gasket 17

10 not in contact with each other (FIG. 14), the magnitude of
change A Vo in output before and after the mounting under
pressure Po = 0 kgf/cm? abs can be reduced to less than + about
3.5 mv. Likewise, the temperature characteristics ZTC (%
FS/°C) will come within arange between 0.052 and 0.259. If the

15 pressure detector is mounted on a pipe line etc., the
characteristics will be well applicable in practice through a
specific correction procedure.

In the mounting construction shown in Figs. 13 and 14,



inserted in the nounting hole fromabove, wherein the presser nenber is
brought in contact with a bl ock upper surface 4e of DApr3lax993 2003 the
di aphragm base 4 and the gasket 17 is brought in contact with a bl ock | ower
surface 4f of the di aphragm base, and a shall ow groove 18b in the formof a
ring is defined on the block |ower surface 4f at a place inward of the
portion contacting the 5 netal gasket 17 so that the strain arising from
pressing by the presser nmenber 12 is absorbed by the shall ow groove 18b.
Anot her ofijeanagfnitbde nfetiie cchangteo Apn\yiide caitpirtubedioee oandoasteuct i on
for nounting a pressure detector, the pressure detector conprising a

di aphragm base provided wth a 10 di aphragm and a sensor base fixed to the
di aphr agninsusptiagd Hadheg S2MReT tWilh Bensénabl emdhiSt HatP eSa4&8 Vik&d with
di spl acenent of the di aphragm base, the pressure detector being inserted in

ol aced. undar et br L AIBE 4L R lr 8 ML PRLE |OwB ERREre8ras B .25 ana

fixed in an air-tight manner in the nounting hole by a presser nenber

inserted gg|ighe 4B0UEd i@ 8nf tREY QY Hr 8T &dsé NG BN S¥e NBOBEF 1S
brought in contact with a bl ock upper surface 4e of 2 April, 2003 the

di aphragm base 4 and the gasket 17 is brought in contact with a bl ock | ower
surface 4tirafumherdntidirsgradeesdd af shal {hiwkgfapvat B8mmin bilbe ik dbnobf a
ring is defined in the bl ock upper surface 4e at a place inward of a

portion contacting the presser 5 nenber 12, and a shall ow groove 18b in the
formof athengdiaphragm base 4, and further because the inner

circumferential surface 17d of the metal gasket 17 and the
outer circumferential surface 4d of the block 4b are not in
contact with each other. Therefore, even if the presser member
10 13 applies downward pressure on the metal gasket 17 through
the sensor base 1 and diaphragm base 4, the upward and
downward reaction forces of the metal gasket 17 are all
received by the collar 4a of the diaphragm base 4. In other
words, almost no strain or stress, resulting from tightening,
15 acts on the diaphragm 3 formed integrally in the block 4b of the
diaphragm base 4.
However, it is desirable that the change A Vo in output

before and after the mounting of the pressure detector and the



defined on the block Iower surface 4f at a place inward of the portion
contacting the netal gasket 17 so that the strain ar?.sﬁﬂﬁj-_lﬁ.dﬁlgressi ng by

the presser nenber 12 is absorbed by the shall ow groove 18b to A further
object of the invention is to provide a structure or construction for
nmounting a pressure detector, the pressure detector conprising a diaphragm
base provided with a di aphragm and a sensor base fixed to the diaphragm
base and having a built-in sensor elenment that is activated with 15

di spl acenpampérdfier«di epbragrebiatec ZIECPesSEGeCdet at oasbaimglli ngerted in
a nmounting hole of a fixture main body nounted in a pipe line with a gasket
pl aced under the pressure detector, the pressure detector being pressed and
fixed in @ossible2 Withitheerioaart tdagnstrrathen onhmewntougtstigchere by a
presser nmenber inserted in the nounting hole from above, wherein a first

step portion 19 an seco ste rtion 20 are provided in wer
portion of nn'ﬁh%t'%ng?goﬂgelir‘gugfet'ﬁe ?Rttﬁree QH'W)&? qfl%, k/\Ol\'ﬂ tH the
area between a horizontal plane 20b of the second step portion 20 and the
| ower con i ce 17b of the gasket 17 serving as a seal portion, a
collar 1 E?Elﬁﬁg %#%%?ded on the sensor base 1 of the pressure detector and
a collar 4a provided in an upper portion of the diaphragm base 4, the two
coll grs 10 being placed opposite to each other and fixed, in addition, a
seal portion between the collar |ower surface 4c of the collar 4a of the
di aphragm base 4 and the upper contacting surface 17a of the netal gasket
17, and a shall ow groove 18c being defined at an inward portion of the
col | ar upper surface 1 b of the sensor 1~ base 1 and a shall ow groove 18d

bei ng defined at an inward
SUMMARY OF THE INVENTION

The main object of the present invention is to solve the
above-mentioned problem encountered when the diaphragm

10 type pressure detector having the constitution shown in Figs
10 to 14 is actually applied to the pipe line or the like. That is,

an object of the invention is to solve the problem of lowered
measurement precision, resuiting from large changes in output

and temperature characteristics caused by differences in

16 stress or strain on the diaphragm, that arise when the pressure
detector is mounted in the fixture main body. This object is
achieved by improvements in the structure or construction for

mounting the pressure detector on the pressure detector fixture



portion of the collar |ower surface 4c of the diaphragm base 4, both in a
ring form the netal gasket 17 having an al nost rectém@phidr, 28B3jon and an
upper contact face 17a and a |ow 12 2 April, 2003 contact surface 17b so
strain arising frompressing the collar upper surface 1 b of the sensor
base 1 by the presser nenber 13 is absorbed by the shall ow grooves 18c,
18b. A further object of the invention is to provide a structure 5 or
construction for nounting a pressure detector, the pressure detector

conpr i si ngn & rilibardy 3@t has e1 prvys Aeth aviplr s s plditagtbang fax se@nigpthdase
fixed to the di aphragm base and having a built-in sensor elenment that is
activated with displacenent of the diaphragm base, the pressure detector 10
bei ng i nsépttedei maimbaedyndvenad etmit @ndxtame et@turpoaparagieebtiasa pi pe
line with a gasket placed under the pressure detector, the pressure
detector being pressed and fixed in an air-tight nner_in the nounting
ol 6 by %l CBecherahoditiarant be M Hae (AP Vg Oranen {Bm BERSSL  Shorei n
a first step 15 portion 19 and a second step portion 20 are provided in a
| ower porty . the ' I f f [ d 1, wth
the area tlgfeetq\%é:gr?ra' Qr%?;@tr?ltd;?t P ,aggjdégg?&ﬁ%]ﬁgesﬁ%meg @gp%tggr%(laénbﬁo and
the I ower contacting surface 17b of the gasket 13 2 April, 2003 17

servisng agppisedl tPehkl Bipedineldd. With®Gt 1AcPEAYI A§HHN ddwd spaee base 1
of the pressure detector, the collar 1 a and an upper surface 4e of the

di aphragm base 4 bei ng positioned
in the fluid passage.

An object of the invention is to provide a structure or
construction for mounting a pressure detector, the pressure
detector comprising a diaphragm base provided with a

10 diaphragm and a sensor base fixed to the diaphragm base and
having a built-in sensor element that is activated with
displacement of the diaphragm base, the pressure detector
being inserted in a mounting hole of a fixture main body
mounted in a pipe line with a gasket placed under the pressure

15 detector, the pressure detector being pressed and fixed in an
air-tight manner in the mounting hole by a presser member
inserted in the mounting hole from above, wherein the presser

member is brought in contact with a block upper surface 4e of



opposite of each other and fastened, the diaphragm base 4 5 protruding
downward from a di aphragm base bl ock | ower surface 42 Apriflgr @083 seal
surface 4g with an area between the seal surface 4g and the upper contact
face 17a of the nmetal gasket 17 serving as a seal portion, a shallow groove
18e being defined at an inward portion of the collar upper surface 1 b of
to the collar la of the sensor base 1, a shallow groove 18f being defined
at an inward portion of the block | ower surface 4f of the di aphragm base 4,

and shal | eneod yiesa dfob alsdh defr deteopraidte 170i eanfowgherinatoatposi tion
upward of the seal surface 4g protruding downward, each in the formof a

ring, the nmetal 15 gasket 17 having an al nost rectangul ar section with an
upper conwdth @abtodka cawerasuofiacendbhoef dhef siephmagdo d@sd.nadrd sAng from
pressing on the collar upper surface 1 b of the sensor base 1 by the

Vo, 161, SRR OWeAIORlB: N8P Bbflieifogm fcs rHIGre SATINS d PbthR, Blsek -

pressure sensor nounting construction as descri bed above wherein an outer

cl rount er eolved! s BRI 2 B p 1A AR 8 brAfd pidi SETSst e dRRE e 20 2N

I
out er cwcunfeee}ren i On of 't Iock 4 are made 0 eri al
with a high hardness. BRI EF DESCRI PTI O\I OF THE DRAWNGS Fig. 1 is a

schemat i ¢ npeed |l gas‘k'eﬁtwl Pis @ thiRSEE %tdsmvawém@ faéwpi*erwsm@ Byf iH st
enbodi ment of the present invention. Fig. 2 is schemati c sectl on vi ew of

a pressure detector according to a second enbodl ment of the present

i nvent i onpreisg.er3membaran2i & lab eoftae debly stdos isdralll owi gwosheni®p t he
nounting construction of the pressure detector according to the

Another object of the invention is to provide a structure
or construction for mounting a pressure detector, the pressure
detector comprising a diaphragm base provided with a
10 diaphragm and a sensor base fixed to the diaphragm base and
having a built-in sensor element that is activated with
displacement of the diaphragm base, the pressure detector
being inserted in a mounting hole of a fixture main body
mounted in a pipe line with a gasket placed under the pressure
16 detector, the pressure detector being pressed and fixed in an
air-tight manner in the mounting hole by a presser member

inserted in the mounting hole from above, wherein the presser

member is brought in contact with a block upper surface 4e of

10



15 second enbodinent. Fig. 4 is a schematic section view of a pressure
detector according to a third enbodi nent of the invMS is a

partially enlarged sectional view showi ng the 15 2 April, 2003 nounting
construction of the pressure detector according to the third enbodi nent.
Fig. 6 is a schematic section view of a pressure detector according to a
fourth enbodi nent of the invention. 5 Fig. 7 is a partially enlarged
sectional view showi ng the nounting construction of the pressure detector
accordi ngthe thephoagn kabvedd remd .tHeé gaskes 1& sshienmb ghtsiecciomtadtew of a
pressure detector according to a fifth enbodinment. 1o Fig. 9 is a partially
enl arged sectional view show ng the nounting construction of the pressure
det ect or dblébr@ibi@QW@W@rf$¢'fﬂ%f‘e¢rﬁ’(fd9f"réﬁle 8!@1?“[69% haser @ ehr!laWct i onal
vi ew showi ng an exanple of construction of a prior art pressure detector.

15 Fig. 11 is a vertical, sgctional view.shgw.n n. exanpl.e of construction
of anot hetgrﬁrqvo‘? ﬁé? 'ﬁr L'é@uf%”ae?@a 618 I’—'isg.gefﬁ?g ' Esﬁt FE%F{( YBEE onal
vi ew showi ng the construction of nmounting the prior art pressure detector

LRO\',:V: %g éLSeurfgc@pﬂE'at 2093 Q0 intetd 68 d poRtieH HorlactPREUthABr e ¥is@W

5 member 12, and a shallow groove 18b in the form of a ring is

defined on the block lower surface 4f at a place inward of the

portion contacting the metal gasket 17 so that the strain arising

from pressing by the presser member 12 is absorbed by the
shallow groove 18b

10 A further object of the invention is to provide a structure

or construction for mounting a pressure detector, the pressure

detector comprising a diaphragm base provided with a

diaphragm and a sensor base fixed to the diaphragm base and

having a built-in sensor element that is activated with

15 displacement of the diaphragm base, the pressure detector

being inserted in a mounting hole of a fixture main body

mounted in a pipe line with a gasket placed under the pressure

detector, the pressure detector being pressed and fixed in an

11



construction of nounting the prior art pressure detector in Fig. 11. 5 Fig.
14 is an enlarged sectional view of the area indi catdpaylA 200Fig. 13.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n the followi ng description, the
same reference nunbers 10 are used to refer to the sane elenents as in
Figs. 10 to 14. Enbodinent 1 In Fig. 1 , a pressure detector according to
the first enbodi nent of the present invention conprises a sensor base 1, a
sensor chip 2, a diaphragm 3, a diaphragm base 4, a 15 pressure transfer
nedi um 5, atihetigﬁ!ﬂsmrmeﬂ it the’ modirtingl hole Pye Sy sdastenbermade of
stainless steel in the formof a thick disk, with a chip housing 1 ¢ forned
in the center of the 17 2 April, 2003 underside and an oil inlet hole 1 d
and | ead pheerhedughtthel moy mbingshahe)fromvabies et heheireinThdisstnsbepchi p or
pressure sensitive elenment is a known diffusion-type sem conductor pressure
transducer. That js, the 5 sensor chip 2 has di aphragm constructi on t hat
def or s WRATtHPBskY AN G & F@E@i“ﬂe&teﬁhfgoﬁﬂpﬁ‘ ?ﬁc?[ﬁi&mfvg&eq HRi&tQVETf or ned
by the sane manufacturing nmethod as integrated circuits, the resistors
being_connegliedn! 8t tRe W5 Theing BoId90a Hheth ezt 3Re emBihoBRdyna 41 | dge
varies as'the resrstors are 1o Subjected pressure changes so that a'voltage
out put signal proportional to the degree of applied pressure is produced at

the ]gwt puglvittﬁrtfﬁé@réaoﬁehb%eb{ adesrizowt &l FIH 820 B odnteh db aRBrRUB Epse 4
are rorne

portion 20 and the lower contacting surface 17b of the gasket
17 serving as a seal portion, a collar 1a being provided on the
sensor base 1 of the pressure detector and a collar 4a provided
in an upper portion of the diaphragm base 4, the two collars
10 being placed opposite to each other and fixed, in addition, a
seal portion between the collar lower surface 4c of the collar 4a
of the diaphragm base 4 and the upper contacting surface 17a
of the metal gasket 17, and a shallow groove 18c being defined
at an inward portion of the collar upper surface 1b of the sensor
15 base 1 and a shallow groove 18d being defined at an inward
portion of the collar lower surface 4c of the diaphragm base 4,
both in a ring form, the metal gasket 17 having an almost

rectangular section and an upper contact face 17a and a low

12



integrally in one piece of stainless steel about 50 Nmin 1G thickness and
about 10 mMmin inside diameter. The thickness of the &pxhhs 228883 can be
changed dependi ng on the detection pressure range of the detector. For a
pressure detector for measurenent of absolute pressure val ues from several
torr to 18 2 April, 2003 7 kgflcm- according to the present enbodi nent,
the di aphragm nmay be 10 mmin dianeter and preferably about 50 Nmthi ck.
The di aphragm 3 and the di aphragm base 4 nay be formed separately and

wel ded togeniact Sutflade IS Atedin N@tising ficanhppreBsMfather cwiigpl | ed
passive state filmfornmed on its gas-contact surface by a known techni que.

Fornmed on the outside surface |ayer of the gas contact surface is a passive
state fil mpgeousuz6@ceht bkobthabsansorobasfe dhbynt huen pone sikebmeantth @ori de
passive state filmsonme 10 1,000 to 3, 000A thick or an oxi de passive state
filmsonme 200A thick of a m xture mainly of alum num oxide and chrom um

oxi de. Thd3piefRserRedRydheddialiey grasves 8% (8P sensor chip 2 the

pressure 10 applied to the diaphragm 3. Silicone oil 15 is used as the

Coer i ci ent _andcdirar ett BFFE 57 abler M BN TEPLRLIGE S PEELSTe. o
sea! ball 6, nade of ball-bearing steel, is used to seal 19 2 April, 2003

gpegig{” ienggt%gfggdcﬁohhf&u%wﬂ&mb B roislsirengetbltori thepRISSut@to the
detector comprising a diaphragm base provided with a
diaphragm and a sensor base fixed to the diaphragm base and
having a built-in sensor element that is activated with
displacement of the diaphragm base, the pressure detector
10 being inserted in a mounting hole of a fixture main body
mounted in a pipe line with a gasket placed under the pressure
detector, the pressure detector being pressed and fixed in an
air-tight manner in the mounting hole by a presser member
inserted in the mounting hole from above, wherein a first step
15 portion 19 and a second step portion 20 are provided in a lower
portion of the mounting hole 11a of the fixture main body 11,

with the area between a horizontal plane 20b of the second step

portion 20 and the lower contacting surface 17b of the gasket

13



The construction of the diaphragmtype pressure detector itself is known
and will not be described in detail. In the di aphr admPREsL: #UXure
detector according to the first enmbodi nent, a shallow groove 18b to rel ease
strainis formed in the shape of a ring on the | ower surface 4f of the

bl ock 4b of the di aphragm base 4 as shown in Fig. 1 . Shallow groove 18b is
provided in the formof a ring at a place inward of the 10 portion
contacting the nmetal gasket 17. See Fig. 3. The groove is V-shaped (or

reverse Uﬂﬁ“%@?@)ngray‘é %@%dpbfﬁ‘tﬁf sg& dbHarPEe)be i ptentibeef othengr oove

may be about 0.3 t6 0.5 nmfor a di aphragm base 4 having a thickness of 1.5
to 2.5 mMm The shape and effects of the shall ow groove 18b are the 15 sane
as in the ssacood bendbedl nehtheepceisised ebaedw.ctBrbddiereal | 2r Fiay.arkdi 8na
schematic section view of a pressure detector 20 2 April, 2003 accordi ng
to the second enbodl ment of he resent invention, and Fig

partial | y YRR aF gildr e |‘b$|a‘P Wi R FRO M 398t H&'BSnﬂOﬁJéW'@)‘ﬁdof t he

pressure detector according to the second enbodi ment. The pressure detector

or eosur o BHRRPRE STcBRNM @ Tt e {2 FTE i o YolRBla 67 42 3 e,

shal | ow groove 18a is provided. In other words, the pressure detector

accorgdi nggr%éﬁbaxﬁ C B AP M mhag &nafpw@gimstﬁase releas ngwehal | ow

grooves formed 1n the to shape of rings, the former being in
t he upper surface 4e of the block 4b of the diaphragm base 4 and the latter
on the | owarrfagef 4¢etcAformha sehddunfaic esdgwyith &hoarSa tihebwdiefrf ¢he from

the pressure detector according to the first enbodiment only in that
seal surface 4g and the upper contact face 17a of the metal
gasket 17 serving as a seal portion, a shallow groove 18e being
defined at an inward portion of the collar upper surface 1b of

10 the collar 1a of the sensor base 1, a shallow groove 18f being
defined at an inward portion of the block lower surface 4f of the
diaphragm base 4, and shallow grooves 18g, 18h defined
opposite to each other at a position upward of the seal surface

4g protruding downward, each in the form of a ring, the metal

15 gasket 17 having an almost rectangular section with an upper
contact face 17a and a low contact surface 17b so strain arising

from pressing on the collar upper surface 1b of the sensor base

1 by the presser member 13 is absorbed by the shallow grooves

14



it includes the shallow groove 18a. 15 Fig. 3 shows the pressure detector
of Fig. 2 nounted in a fixture main body 11, the mais ®@Edd h2%WHg a fluid

fl ow channel 11 b. It will be understood that fixture nmain body 11 is
nounted in or on a pipe line or machine part 52 so that pressure 21 2
April, 2003 of a fluid in the pipe or machine part is conmunicated through

channel 52 and a fluid passage 22 to the diaphragm3. In Fig. 3, as the
clanp 15 is tightened into fixture main body 11 , upward and downwar d
conpr essi Y8 ¢,018€s 1@gpwagh.b and downward reaction forces) are applied to
t he bl ock 4b outside the grooves 18a and 18b via the presser nenber 12 and
the nmetal gasket 17. If, at the time of tightening the clanp 15, a strain
force is applieAnathteteotijaphrafghhe iswemptiandi i@ BOAMIEEda qoTEs BEER ve
forces acting on the block 4b (if, for to exanple, conponent forces of the

upward and downward c ressive forces arise and act on the di aphragm 3),
def or mat | 8% N8P MHANATHES oD P Ped &S o hee Bk G (W RCKRLMCTR 1 he
shal | ow grooves 18a) 18b (second enbodi ment) or 18b (first enbodi nent)

provi ded if h 1.t.hg ,i hQC r f bl ock
over sur PRSP ebdnfaah el Po B 24,31 Inta S aiPEE 5 91,87 $ndPr " he
strain force is kept fromreaching the diaphragm 3 directly. Thus nounti ng

of the pressy a deleearobutertdieclinierentralpbadynliscefishe Broskr4hn 22
2 April, 2003 on diaphragm 3.

are made of a material with a high hardness.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic section view of a pressure detector
10 according to a first embodiment of the present invention.
Fig. 2 is a schematic section view of a pressure detector
according to a second embodiment of the present invention.
Fig. 3 is a partially enlarged sectional view showing the
mounting construction of the pressure detector according to the
15 second embodiment.
Fig. 4 is a schematic section view of a pressure detector
according to a third embodiment of the invention.

Fig. 5 is a partially enlarged sectional view showing the

15



Enbodi ment 3 Fig. 4 is a schematic section view of a pressure detector 5
according to a third enbodi nent of the invention, arﬁiﬁﬂE@.ﬁEEwa partially
enl arged sectional view showi ng the nounting construction of the pressure
detector. In the third enbodinent, a collar l1la and a collar 4a fornmed in
the sensor base 1 and the di aphragm base 4, 10 respectively. The two
collars 1 a, 4a are positioned opposite each other and united by a weld 8
on their outer circunferential portion. The di aphragm base 4 is forned of a
ri ng- shapgd bhtiely dbnattuctiorasf 4ae gies saverd stwdtaceadeoondiineoctdid ar 4a
is a seal surface that cones in contact with the upper contact face 17a of
the gasket 17 as shown in Fig. 5. Therefore, the | ower surface 4c of the
col | ar 4athigdf emiadimenta hi gh-preci sion snooth surface. 23 2 April,
2003 In the third enbodi nent the di aphragm base 4 may have a dianmeter of 13
mmwi th the di a]Eete of th aphragm pressur e- rgcei vin surfag gel ng 11
nm and the thic 1§ 8¢ %P (’F‘T'F Ofh i WoOhHé& Prfnes HEELAELeGEOG at e

filmis about 6 200A of chrom' um oxi de, the total thickness of the

di aphragm, P@%‘?d“ gftora”%&Pﬂw 'e"rﬁﬂo%?r?e At tr’ﬂ %’r\ﬁ% s _Of which one is

an earth efsctro 0 an 1 nput circui not S 5 mA d.c. current
is applied. As the pressure applied on the sensor el enent of sensor chip 2

changes, four § SO af paFE@ IPf Jrfl avgRPrs edti P at haege sHowesgstrance, so
that an out put vo tage V I1s devel oped between the output termnals. In the

pressure detector according to the third
mounting construction of the pressure detector according to the

fourth embodiment.
Fig. 8 is a schematic section view of a pressure detector
according to a fifth embodiment.

10 Fig. 9 is a partially enlarged sectional view showing the
mounting construction of the pressure detector according to the
fifth embodiment

Fig. 10 is a vertical, sectional view showing an example
of construction of a prior art pressure detector.

15 Fig. 11 is a vertical, sectional view showing an example
of construction of another prior art pressure detector.

Fig. 12 is a vertical, sectional view showing the

construction of mounting the prior art pressure detector in Fig.
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enbodi nent, a shallow groove 18c is forned on the collar upper surface 1 b
of the sensor base 1 at an inward portion thereof, i 1 | ow groove
18d is formed on the collar | ower surface 4c of the diaphragm base 4 at an
inward portion thereof. The shall ow groove 18c is dish-shaped in section,
while the shall ow groove 18d is reverse U-shaped (or reverse V-shaped). 24
2 April, 2003 in the third enbodinent) a netal gasket 17 and the pressure
detector are inserted in a cylindrical nmounting hole 11 a fornmed in the
upper cem@r of fixture main body 11 as shown in Fig. 5. Fixture main body
11 is made of stainless steel. Wth 5 the collar upper surface 1 b of the

sensor base 1 pressed by a clanp (not shown) via the presser nenmber 13, the
pressure detectfoid.i s1Roust ed@ ¥ @EliGAL, vSgotHRN ALt é/l'eghsﬁ@tOVi'ﬂgTHQ%untl ng
hole 11 a is reduced in size at its bottomportion to define a first step

Toa of treofPrufodBEORRbRRNRTS & g lin adf el Sl S BEBRIOR B S rember

13. The circunf erentl al vvaII surface 20a of the second step portion 20 is
in contacf{q4with the outer circunferential surface 17c of the gasket 17, and
the horizontal surface 20b is in contact with the |ower face 17b of 15 the
gasket 17. The circunferential wall surface 20a and the horizontal plane

20b glefine the Fig.tihg pertamnerdaegeidigsslti gaakevidw. dhethesiadegortion
of the horizontal plane 20b of the 26 2 April, 2003

indicated by A in Fig. 13.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following description, the same reference numbers
10 are used to refer to the same elements as in Figs. 10 to 14,
Embodiment 1
In Fig. 1, a pressure detector according to the first
embodiment of the present invention comprises a sensor base
1, a sensor chip 2, a diaphragm 3, a diaphragm base 4, a
15 pressure transfer medium 5, the sensor lead pins 7 and a weld
8.
The sensor base 1 is made of stainless steel in the form

of a thick disk, with a chip housing 1c formed in the center of the

17



second step portion 20 is forned in a taper 21. In the center of the bottom
of the mounting hole 11 a, a fluid passage 22 is pr&PRE#L, ¥03asket 17 is
ri ng-shaped and the section of the 5 gasket is rectangular with the width
bei ng | onger than the height and with the four corners of the rectangle
chanfered. The inner circunferential surface 17d of the gasket 17 and the
outer circunferential surface 4d of the block 4b of the diaphragm base 4
are not in contact with each other. The upper to contact face 17a of the
gasket 1undersidordrmadtami oh triiet! bobte tdrdadeleled gfirt hhroalghaholasof t he
di aphragm base 4. Furthernore) the outer circunferential surface 17c of the
gasket 17 is in contact with the circunferential wall surface 20a of the
second stl@ppshoiven) roovidgd iteerene. col | ar | ower surface 15 4c of the

di aphragm base 4, the circunferential wall surface 20a of the second step

[ 20 and the hori el 20b f g ti i Vi
Phe gasket 17. WG ALt GhebTBTLBLRsentecf P RsRikeenidloihs 24 1FHE: 2oa

and the outer 2G 2 April, 2003 circunferential surface 4d of the collar
in bodygi ' 1h j dt h of
the gaskes ySRin AueRr SEm {qin 38ER 0T yS¥s dllg MpRe ol THAL ST 3R8 e

13.0 mMmin inside diameter, 1.5 mmin wdth of the seat, 0.9 mMmin

t hi cknesss@hsbhecisiga i aei ghtikap rareh . omstrnctiod bhat ddf>reestvabierf aces
17a) 17b of the seat. The gasket is made of stainless steel under the JIS

desi gnation SUS 316L-P (w nelt). The effects of the aforesaid shall ow
grooves 1Btesggoediseraceivedsateaship e udenfouwnesistors thowed n FI G
3. That

by the same manufacturing method as integrated circuits, the
resistors being connected in the form of a bridge. The
resistance across the bridge varies as the resistors are
10 subjected pressure changes so that a voltage output signal
proportional to the degree of applied pressure is produced at

the output terminals of the bridge.
The diaphragm 3 and diaphragm base 4 are formed
integrally in one piece of stainless steel about 50 um in
16 thickness and about 10 mm in inside diameter. The thickness
of the diaphragm 3 can be changed depending on the detection
pressure range of the detector. For a pressure detector for

measurement of absolute pressure values from several torr to

18



is, the strain force caused by upward and downward conpressive forces
(reaction forces) applied through the presser nmenber2_2Rrid, 22003 ped by the
grooves 18c, 18d and the thin thickness part P between the grooves, whereby
the strain ~6 force is kept fromdirectly reaching the di aphragm 3.
Enbodiment 4 Fig. 6 is a schematic section view of a pressure detector 27
2 April, 2003 according to the fourth enbodi nent of the present invention,
and Fig. 7 is a partially enlarged sectional view show ng the nounting
const r uct? agfod mhec poed g ¢ odth @ irars e hh etnb oido nrd Mt , ettt di i enprirtr.a g fne

di aphragm 3 and the s di aphragm base 4 are forned separatel y and united to
each other by providing a weld 23. A seal surface 4g is fornmed on the | ower
surface dnay be fRAeminaighidigm otk and praferak | wegbonat S @hemsélickur f ace
protrudes fromthe diaphragm3 to a downward position. That is) 1o the seal

surface 4g extends hel o thel wer suyface.4f of the di aphyagm base
Shal | ow groovegrl'i%g 'i@ﬁl 6’5%9%% ?6?"0@9{5‘%8)35 { g'ha%lréef or med
symmetrical ly above the surface 4g at a position alnost as high as the

di aphr ag, (gh@y! 9 %g{gg%pﬁﬁ,wéﬁjearpo%é)m@p at an inward 15 position of

t he col | ar upper e sens base 1 and in the central
position of the block | ower surface 4f of the di aphragm base 4,

respgctively. Theisgraleveholdel theft aheodhapihe agfmadn haw ce seussedelky 28
passive state film formed on its gas-contact surface by a known
technique. Formed on the outside surface layer of the gas
contact surface is a passive state film about 200A thick of about
100% of chromium oxide or a fluoride passive state film some

10 1,000 to 3,000A thick or an oxide passive state film some 200A
thick of a mixture mainly of aluminum oxide and chromium
oxide.

The pressure transfer medium 5 transfers to the sensor
chip 2 the pressure 10 applied to the diaphragm 3. Silicone oil

15 is used as the pressure transfer medium because it has a low
temperature expansion coefficient and compressibility
coefficient and is chemically stable.

A seal ball 8, made of ball-bearing steel, is used to seal

19



2 April, 2003 the upward and downward pressure forces applied to the

di aphragm base 4 via the presser nember 13, thereby 2eAREilng2083 effects of
the strain force that directly acts on the diaphragm 3 when a clanp 16 (see
Fig. 13) is tightened up. 5 Enbodinent 5 Fig. 8 is a schematic section view
of a pressure detector according to the fifth enbodinent and Fig. 9 is a
partially enlarged sectional view show ng the nounting construction for the
pressure detector. The structure and construction for nounting the pressure

det ect or /¢ Jhngt Hyiehd o uﬁmueﬁb%mmher@nme@heabhySI ideBhiteabdwi th

those of the third enbodi mrent shown in Figs. 6 and 7. However, in the fifth
enbodi nent the outer ~5 circunferential portion 24 of t he coIIar 1 a of the
sensor bas¢oltreag rdss e etet@atournf erential portion 25 of the di aphragm
base 4, that is the outer circunferential portions outward of the dotted
lines in Figs. 8 and 9, are hardened. 29 2 April, 2003 The outer

ci rcunferenti alThv@r ts@RStBICting s@ﬁsotrhebas@aPrHrﬁ)gWhe%P&phPéQﬁﬁHé@e 4 are
har dened to reduce the strain force caused in the radial direction by

Ta5 g eiraaorsHEsnn BT A8 VLT A B o hibaR P R AT T ce.
t hereby further keeping down the strain on the diaphragm 3. Needl ess to

gggésh pg Lg[ ggg 'ggfh fg\}\gﬁ{hﬁ%@g ty¢ Eﬁg%s@ﬂ"e detbetdPRIdCAifd fo the
first embodiment, a shallow groove 18b to release strain is
formedinthe shape of aring on the lower surface 4f of the block
4b of the diaphragm base 4 as shown in Fig. 1. Shallow groove
18b is provided in the form of a ring at a place inward of the
10 portion contacting the metal gasket 17. See Fig. 3. The groove
is V-shaped (or reverse U-shaped) or U-shaped (reverse
V-shaped). The depth of the groove may be about 0.3to 0.5 mm

for a diaphragm base 4 having a thickness of 1.5 t0o 2.5 mm.

The shape and effects of the shallow groove 18b are the

15 same as in the second embodiment described below.

Embodiment 2

Fig. 2 is a schematic section view of a pressure detector
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10 5. Test Results Experinents were conducted with the pressure detectors
and mounting constructions described above. In the f2rARTidnd20@3ond

enbodi ments, the magni tude of change D Vo in output i6 before and after the
nmounting under a pressure Po = 0 kgflcn2 abs was | ess than about t 2.0 nv)
a decrease of sonme 30 to 35% fromthat of the prior art. In the third
enbodi nent, the magni tude of change o Vo in 30 2 April, 2003 output was
| ess than about f 1 .0 nmv, a decrease of 60 to 70% fromthat of the prior
art. S mba&blfdihg %d“?g%oglébbmwb%ﬁr}ehh%f”ﬁﬂé"ﬁrlwem igP8Rdro R, Vo in
out put was less than about t 1.0 mv. b Wth respect to the fifth

enbodi nent, it was confirnmed that the magnitude of change D Vo output is
further raddc&dgf rdmst bapaotidihe dolaride énbedtimamal. v{&Eh ebiowyirigttre
Invention) In the first and second enbodi nents descri bed above, 10 the
shal | ow groove 18b is forned at the inside portion of the | ower surface of
the bl ockMsFunHaarapstagativgsefdheopresatred geapiadsaesarding terh e or ned
symmetrically at the inside portions of the upper surface and the | ower

i o ng vherons EhALAERs GO PESREE SaiEhibtanateraiaeats, e
presser nmenber 12 may be absorbed by the shall ow groove 18b (or shall ow

grooyes 1ggcoktPlem *bedi‘?ﬁ%g;/isg?%s%trft%’ﬁlyo'idéh"t?éé\ Ath NG 1H s @ gphr agm

3is furtﬁer reduceg, there

detector according to the first embodiment except that another
shallow groove 18a is provided. In other words, the pressure
detector according to the second embodiment has so-called
strain-releasing shallow grooves 18a and 18b formed in the

10 shape of rings, the former being in the upper surface 4e of the
block 4b of the diaphragm base 4 and the latter on the lower
surface 4f. The embodiment shown in Fig. 3 thus differs from the
pressure detector according to the first embodiment only in that
it includes the shallow groove 18a.

15 Fig. 3 shows the pressure detector of Fig. 2 mounted in
a fixture main body 11, the main body having a fluid flow
channel 11b. It will be understood that fixture main body 11 is

mounted in or on a pipe line or machine part 52 so that pressure
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2 April, 2003 substantially decreasing the magnitude of qhange in

nmeasurenments before and after the tightening. In th L3 iment, a
plurality of step portions are defined in the | ower portion of the nounting
hole 11 a of the 5 mounting fixture main body of the pressure detector) and
t he di aphragm base of the pressure detector is forned of a collar and a

thi ck bl ock. The gasket 17 with an al nost rectangul ar section is placed in
a fitting portion formed with the circunferential wall surface and the flat

surface off bhaus€GANthd bifeeR rPRdd Wil aipdrtie 66l miurdieere SUhfeaghof the
di aphragm base. As a result, even if the sensor presser is inserted in the

detector nounting hole, with the upper part of the collar of the sensor
base presskandewn\s dnd e fleiak piass 4 ge c22 agpthedd oap hhagdi dohr agm base 4

t hrough the presser nenber 13 is 15 absorbed by the collar 4a of the

di aphragm base 4 and the thjck block 4b, so that little strain is caused by
the reaction fdfcEign &nasdin@ilaghP sl poisnb@ i iRQHaINte WXtHren® &iNock 4b.
Such an advantage, together with the fact that the 32 2 April, 2003

amhod nent SO A JR8HE S oe B RIS RahpEREYReoTa SRR (AR E o

nmounti ng of the pressure detector on the fixture main body and tenperature

charget erg gl G @ard) ldifcof 98reBe] catBe aldli8dPieSpeeplsckodp | hus
solving problens 1 n practical use. Thi$ nmakes it possible to apply this
ki nd of di aphragmtype pressure detector to a pipe line and the |iKke.

outside the grooves 18a and 18b via the presser member 12 and
the metal gasket 17. If, at the time of tightening the clamp 15,
a strain force is applied to the diaphragm 3 by upward and
downward compressive forces acting on the block 4b (if, for
10 example, component forces of the upward and downward
compressive forces arise and act on the diaphragm 3),
deformation by strain force is absorbed near the thin part P
between the shallow grooves 18a, 18b (second embodiment) or
18b (first embodiment) provided opposite to each other on the
156 block upper surface 4e and block lower surface 4f, respectively,
of the diaphragm base 4. As a result, the strain force is kept
from reaching the diaphragm 3 directly. Thus mounting of the

pressure detector in the fixture main body 11 causes no strain
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The fourth enmbodinent is so constituted that shall ow grooves 18g, 18h are
formed at places higher than the seal 1o surface 4g§ﬁ£&§ﬂu£@%$£ragn1base
4. To the effects of the second enbodi nent, this adds the effects of
absorbing strain or stress by the shall ow grooves 18g, 18h, thereby further
reduci ng fluctuations in output before and after nounting. In the fifth
enbodi nent, the portion on which the 15 tightening force of the presser
menber 13 is applied is nade of a hardened material, which reduces the
nmaterial gafaraphtagnPyg.stress in tightening. This greatly reduces the
strain on the diaphragm which further keeps down the fluctuations in

out put. 33 2 April, 2003 What is clainmed is: 1. A construction of
nounting a pressure detector which is so adapted as to be nounted by
inserting the pressure detector in a nounting hole of a fixture main body
wi th a gasket placed thereunder and pushing and fixing the pressure

det ect or EMPPGHMERL B presser menber inserted in the nounting hole from
above, said pressure detector built by conbining and fastening a di aphragm
base provi ded w di ap d : I I byilt-iLQn.sensor
el ement which rgﬁgbgie%?é£éagﬂta§?s%$3§§ﬂ§&fegﬁafﬁgggkggﬁﬁggﬁﬁgégggrand
said fixing main body nounted in the pipe line or [machinery], wherein the
presger ”%%rrdlﬁg'ﬁotérgw%te s8Nt W tR e ey Ehon UBRY F3Y! free 4e of
t he di aphragm bas& 4 and al so the gasket 17 is brought in contact wth the
bl ock | ower surface 4f, a block 4b of the diaphragmbase 4 is vertically
pressed faorpatdadybyehler guessectienber viéw nshbevidig ettie omobint hreg
gasket! 7, and a shall ow groove 18b is defined in the formof a ring on the
bl ock | ower surface 4f at a place inward of the portion containing the
metal gaskenstrussiamaf the peprveeideteetalin in the bl ock 4b arising from
pressing by the presser nenber 12 is absorbed by the shall ow groove 18b. 2.
A construction pf unti.ng a pressure detector _which is so adapted, as to be
mounted by i naehti Et HY'Br SRR ale & 18 mdaATY Rore T 441 xt ur e
mai n body with a gasket placed thereunder and pushing and fixing the
pressure r:aifg kg S E?ﬂ?e in I t upti ng

hol e fromﬁgt)@\(;eteq) Isrgi gﬁ%r?&ﬁ%@dg?g%ﬂ ul t{rl)éf/ ?g%ﬁﬂsggﬁd%%ags?e%i'ng a

di aphragm base 34 2 April, 2003

10 respectively. The two collars 1a, 4a are positioned opposite
each other and united by a weld 8 on their outer circumferential
portion.

The diaphragm base 4 is formed of a ring-shaped block
4b and collar 4a. The lower surface 4c of the collar 4a is a seal

15 surface that comes in contact with the upper contact face 17a
of the gasket 17 as shown in Fig. 5. Therefore, the lower
surface 4c of the collar 4a is finished to a high-precision

smooth surface.

23



provided with a di aphragm and a sensor base having a built-in sensor
el enent which is activated with displ acement of the fi2p#ilagRPBBse, and
said fixing main body nmounted in the pipe Iine or [nmachinery], wherein the
presser nmenber 12 is brought in contact with the bl ock upper surface 4e of
t he di aphragm base 4 and al so the gasket 17 is brought in contact with the
bl ock | ower surface 4f, a bl ock 4b of the di aphragm base 4 is vertically
pressed from above by the presser nmenber 12 in the direction of the
gasket 17, and arshiak! towrgreeso dineind s idagHragmeb heemiohay higve on the
upper surface 4 a at a place inward of the portion containing the presser
menber 12 and a shall ow groove 18b is defined in the formof a ring on the
bl ock | ower dianfeler 46f at 3anpmacwitimvwidrel dfametegorafi dmecoditaehiagn he
nmetal gasket 17, so that the conpressive strain in the block 4b arising
fron1pressing by the presser nber 12 i s _ gbsorbed bg t he s a||OM18£OOVES
18a, 18b.PRBESAUEBNLR EBLY!INGh SHT ﬁﬁ@nlbiedgga“argb@uﬁé‘% héctBicKinpER SO
adapted as to be nmounted by inserting the pressure detector in a nounting
hol e of L X§. ur ' | Kh Kk I : r i ng and
fixing tﬁteﬂ%;%égﬁrrgad&ﬂtigﬁl)orﬂapr9?9@?%3#ggp[?%%g'e\}ré]gé%‘g%?ﬂin?\zg%tgga?n t he
nmounti ng hole from above, said pressure detector built by conbing and
fastgni ngog ol RFNERBEINRTE PXRYé d8H e\ & 1l 12t KiickH e 86D RPHe2d FEPRPA ghRS e
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second step portion 20 in the lower portion of a nounting hole 11 a of the
fixture main body 11, with the_area between the 35 2 April, 2003
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contacting surface .17b of the gasket 17 serving as seal portion, wherein
there is grovided a.callar 1.%.96 the sensor base tgressure
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furthernore, the netal gasket 17 is a netal gasket 17, with an al npost
rectangul ar section, provided with an upper contacting surface 17a and a

| ower conisacte neglope fdoetwete rsdhehatutphd teompiresks.ve strain arising from
pressing in the dowward, vertical direction on the collar upper surface 1
b of the sensor base 1 by the presser nenberl 3 is absorbed by the shall ow
groove 18b. 4. Wcdh@ r RIIBIUEE nBELEFHY a 3FEREAIRI det@ctibte wHiNdRdi s so
adapted as to be nmounted by inserting the pressure detector in a nounting
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having a built-in sensor elenent which 1s activated wth displacenent of
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machisner ypndvaes rahl dawegro v e 18 dviisdisr metd ontthsé exolpar i owel9sanfla@esecond
step portion 20 in the |ower portion of a 36 2 April, 2003 nounting hole
19 a of the fixture main body 11, with the area between the horizontal
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groove 18c is defined at the inward portion of the collar upper surface 1 b
of the sensor base 1 and a shall ow groove 18d is defined at the inward
portion of the collar |ower surface 4c of the diaphragm base 4, both in a
ring form furthernore, the nmetal gasket 17 is a netal gasket 17, with an
al nost rectangul ar section, provided we4h an upper contacting surface 17a
and a |l ower contacting surface 17b so that the conpressive strain arising
frompressing in the downward, vertical direction on the collar upper
surface 1 b of the sensor base 1 by the presser nenberl13 is absorbed by the
shal | ow grooves 18c, 18b. 5. A construction of nounting a pressure detector
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absorbed by the shall ow grooves 18e, 18f, 18g and 18h. 38 2 ﬁi)ri |, 2003
6. A construction of nmounting a pressure detector a clainms 3,

4, or 5 wherein the outer circunferential portion 24 of the collar 1 a of

the sensor base 1 and the outer circunferential portion 25 of the bl ock 4b
are made of a material with a high hardness. 39 2 April, 2003 [Del eted]
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in Fig. 5. Fixture main body 11 is made of stainless steel. With

5 the collar upper surface 1b of the sensor base 1 pressed by a

clamp (not shown) via the presser member 13, the pressure

detector is mounted airtight via the metal gasket 17. The

mounting hole 11a is reduced in size at its bottom portion to

define a first step portion 19 and a second step portion 20. The

10 circumferential wall surface 19a of the first step portion 19 is a

guide surface for the presser member 13. The circumferential

wall surface 20a of the second step portion 20 is in contact with

the outer circumferential surface 17¢ of the gasket 17, and the

horizontal surface 20b is in contact with the lower face 17b of

15 the gasket 17. The circumferential wall surface 20a and the

horizontal plane 20b define the fitting portion receiving the

gasket 17.

The inside portion of the horizontal plane 20b of the
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of the second step portion 20. That is, the collar lower surface

15 4c of the diaphragm base 4, the circumferential wall surface
20a of the second step portion 20 and the horizontal plane 20b
form a fitting portion receiving the gasket 17. The distance

between the circumferential wall surface 20a and the outer
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In FIG. 5, the gasket 17 is 14.7 mm in outside diameter,

5 13.0 mmininside diameter, 1.5 mm in width of the seat, 0.9 mm
in thickness of the seat (height), and 0.8 mm in width of the
contact faces 17a, 17b of the seat. The gasket is made of
stainless steel under the JIS designation SUS 316L-P (w melt).

The effects of the aforesaid shallow grooves 18c, 18d are

10 the same as in the second embodiment shown in FIG. 3. That
is, the strain force caused by upward and downward
compressive forces (reaction forces) applied through the
presser member 13 is absorbed by the grooves 18¢, 18d and the

thin thickness part P between the grooves, whereby the strain

15 force is kept from directly reaching the diaphragm 3.

Embodiment 4

Fig. 6 is a schematic section view of a pressure detector
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and Fig. 7 is a partially enlarged sectional view showing the
mounting construction of the pressure detector.

In the fourth embodiment, the diaphragm 3 and the

b diaphragm base 4 are formed separately and united to each
other by providing a weld 23.

A seal surface 4g is formed on the lower surface side of
the diaphragm base 4 in such a way that the seal surface
protrudes from the diaphragm 3 to a downward position. That is,

10 the seal surface 4g extends below the lower surface 4f of the
diaphragm base 4. Shallow grooves 18g, 18h with a U-shaped
(or V-shaped) section are formed symmetrically above the
surface 4g at a position almost as high as the diaphragm.

Shallow grooves 18e, 18f are formed at an inward

15 position of the collar upper surface 1b of the sensor base 1 and
in the central position of the block fower surface 4f of the

diaphragm base 4, respectively.

The grooves 18e, 18f absorb the strain force caused by
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Embodiment 5
Fig. 8 is a schematic section view of a pressure detector
according to the fifth embodiment and Fig. 9 is a partially
enlarged sectional view showing the mounting construction for
10 the pressure detector.
The structure and construction for mounting the pressure
detector according to the fifth embodiment are basically
identical with those of the third embodiment shown in Figs. 6
and 7. However, in the fifth embodiment the outer
15 circumferential portion 24 of the collar 1a of the sensor base 1
and the outer circumferential portion 25 of the diaphragm base

4, that is, the outer circumferential portions outward of the

dotted lines in Figs. 8 and 9, are hardened.
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5 tightened up. The shallow grooves 18e to 18f absorb the strain
force, thereby further keeping down the strain on the diaphragm
3.

Needless to say, the formation of hardened portions 24,

25 is applicable to the pressure detector shown in Figs. 4 and

10 5.
Test Results
Experiments were conducted with the pressure detectors
and mounting constructions described above. In the first and
second embodiments, the magnitude of change A Vo in output
15 before and after the mounting under a pressure Po = 0 kgf/cm?.
abs was less than about £+ 2.0 mv, a decrease of some 30to 35%
from that of the prior art.

In the third embodiment, the magnitude of change A Vo in
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change A Vo in output was less than about £+ 1.0 mv.

b With respect to the fifth embodiment, it was confirmed
that the magnitude of change A Vo output is further reduced
from that of the fourth embodiment.

(Effects of the Invention)
In the first and second embodiments described above,

10 the shallow groove 18b is formed at the inside portion of the
lower surface of the block of the diaphragm base 4 (or shallow
grooves 18a, 18b are formed symmetrically at the inside
portions of the upper surface and the lower surface of the block
of the diaphragm base 4) so that the strain force arising when

16 the pressure detector is tightened and clamped by the presser
member 12 may be absorbed by the shallow groove 18b (or
shallow grooves 18a, 18b). Therefore, the stress or strain

acting on the diaphragm 3 is further reduced, thereby
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b mounting fixture main body of the pressure detector, and the
diaphragm base of the pressure detector is formed of a collar
and a thick block. The gasket 17 with an almost rectangular
section is placed in a fitting portion formed with the
circumferential wall surface and the flat surface of the second

10 step portion and the collar lower surface of the diaphragm base.

As a result, even if the sensor presser is inserted in the
detector mounting hole, with the upper part of the collar of the
sensor base pressed downward, the reaction force applied on
the diaphragm base 4 through the presser member 13 is

15 absorbed by the collar 4a of the diaphragm base 4 and the thick
block 4b, so that little strain is caused by the reaction force on
the diaphragm 3 formed integrally with the block 4b.

Such an advantage, together with the fact that the
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the second embodiment, minimizes the fluctuations in output
before and after the mounting of the pressure detector on the
fixture main body and temperature characteristics even in the

5 area where the fluid pressure is low, thus solving problems in
practical use. This makes it possible to apply this kind of
diaphragm type pressure detector to a pipe line and the like.

The fourth embodiment is so constituted that shallow

grooves 18g, 18h are formed at places higher than the seal

10 surface 4g of the diaphragm base 4. To the effects of the

second embodiment, this adds the effects of absorbing strain or

stress by the shallow grooves 18g, 18h, thereby further
reducing fluctuations in output before and after mounting.

In the fifth embodiment, the portion on which the

15 tightening force of the presser member 13 is applied is made of

a hardened material, which reduces the material deformation

by stress in tightening. This greatly reduces the strain on the

diaphragm, which further keeps down the fluctuations in output.
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is so adapted as to be mounted by inserting the pressure detector
in a mounting hole of a fixture main body with a gasket placed
thereunder and pushing and fixing the pressure detector airtight by
a presser member inserted in the mounting hole from above, said
pressure detector built by combining and fastening a diaphragm
base provided with a diaphragm, and a sensor base having a built-in
sensor element which is activated with displacement of the
diaphragm base, and said fixing main body mounted in the pipe line
or [machinery], wherein the presser member 12 is brought in
contact with the block upper surface 4e of the diaphragm base 4
and also the gasket 17 is brought in contact with the block lower
surface 4f, a block 4b of the diaphragm base 4 is vertically pressed
from above by the presser member 12 in the direction of the
gasket17, and a shallow groove 18b is defined in the form of a ring
on the block lower surface 4f at a place inward of the portion
containing the metal gasket 17 so that the compressive strain in
the block 4b arising from pressing by the presser member 12 is
absorbed by the shallow groove 18b.

2. A construction of mounting a pressure detector which
is so adapted as to be mounted by inserting the pressure detector
in a mounting hole of a fixture main body with a gasket placed
thereunder and pushing and fixing the pressure detector airtight by
a presser member inserted in the mounting hole from above, said

pressure detector built by combing and fastening a diaphragm base
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sensor element which is activated with displacement of the
diaphragm base, and said fixing main body mounted in the pipe line
or [machineryl, wherein the presser member 12 is brought in
contact with the block upper surface 4e of the diaphragm base 4
and also the gasket 17 is brought in contact with the block lower
surface 4f, a block 4b of the diaphragm base 4 is vertically pressed
from above by the presser member 12 in the direction of the
gasket17, and a shallow groove 18a is defined in the form of a ring
on the upper surface 4 e at a place inward of the portion containing
the presser member 12 and a shallow groove 18b is defined in the
form of a ring on the block lower surface 4f at a place inward of
the portion contacting the metal gasket 17, so that the
compressive strain in the block 4b arising from pressing by the

presser member 12 is absorbed by the shallow grooves 18a, 18b.

3. A construction of mounting a pressure detector which
is so adapted as to be mounted by inserting the pressure detector
in a mounting hole of a fixture main body with a gasket placed
thereunder and pushing and fixing the pressure detector airtight by
a presser member inserted in the mounting hole from above, said
pressure detector built by combing and fastening a diaphragm base
provided with a diaphragm and a sensor base having a built-in
sensor element which is activated with displacement of the
diaphragm base, and said fixing main body mounted in the pipe line
or [machineryl, wherein there are provided a first step portion 19
and a second step portion 20 in the lower portion of a mounting

hole 11a of the fixture main body 11, with the area between the
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pressure detector and a collar 4a in the upper portion of the

diaphragm base 1 and, the two collars placed opposite to each
other and fixed, in addition, a seal portion is provided between the
collar lower surface 4c of the diaphragm base 4 and the upper
contacting surface 17a of the metal gasket 17, furthermore, a
shallow groove 18d is defined at the inward portion of the collar
lower surface 4c of the diaphragm base 4, both in a ring form,
furthermore, the metal gasket 17 is a metal gasket 17, with an
almost rectangular section, provided with an upper contacting
surface 17a and a lower contacting surface 17b so that the
compressive strain arising from pressing in the downward, vertical
direction on the collar upper surface 1b of the sensor base 1 by the

presser member13 is absorbed by the shallow groove 18b.

4, A construction of mounting a pressure detector which is so
adapted as to be mounted by inserting the pressure detector in a
mounting hole of a fixture main body with a gasket placed
thereunder and pushing and fixing the pressure detector airtight by
a presser member inserted in the mounting hole from above, said
pressure detector built by combing and fastening a diaphragm base
provided with a diaphragm and a sensor base having a built-in
sensor element which is activated with displacement of the
diaphragm base, and said fixing main body mounted in the pipe
line or [machineryl, wherein there are provided a first step

portion19 and a second step portion 20 in the lower portion of a
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between the horizontal plane 20b of the second step portion 20
and the lower contacting surface 17b of the gasket 17 serving as
seal portion, wherein there is provided a collar 1a on the sensor
base 1 of the pressure detector and a collar 4a in the upper portion
of the diaphragm base 4 and, the two collars placed opposite to
each other and fixed, in addition, a seal portion is provided between
the collar lower surface 4c of the diaphragm base 4 and the upper
contacting surface 17a of the metal gasket 17, furthermore, a
shallow groove 18c is defined at the inward portion of the collar
upper surface 1b of the sensor base 1 and a shallow groove 18d is
defined at the inward portion of the collar lower surface 4¢ of the
diaphragm base 4, both in a ring form, furthermore, the metal
gasket 17 is a metal gasket 17, with an almost rectangular section,
provided with an upper contacting surface 17a and a lower
contacting surface 17b so that the compressive strain arising from
pressing in the downward, vertical direction on the collar upper
surface 1b of the sensor base 1 by the presser member13 is

absorbed by the shallow grooves 18c, 18b.

5. A construction of mounting a pressure detector which is so
adapted as to be mounted by inserting the pressure detector in a
mounting hole of a fixture main body with a gasket placed
thereunder and pushing and fixing the pressure detector airtight by
a presser member inserted in the mounting hole from above, said
pressure detector built by combing and fastening a diaphragm base
provided with a diaphragm and a sensor base having a built-in

sensor element which is activated with displacement of the
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or [machinery], wherein there are provided a first step portion 19
and a second step portion 20 in the lower portion of a mounting
hole 11a of the fixture main body 11, with the area between the
horizontal plane 20b of the second step portion 20 and the lower
contacting surface 17b of the gasket 17 serving as seal portion,
wherein there is provided a collar 1a on the sensor base 1 of the
pressure detector, and the collar 1a and the upper surface 4e of the
diaphragm base 4 are positioned opposite to each other and
fastened, and the diaphragm base 4 protrudes downward from the
block lower surface 4f to form a seal surface 4g with the area
between the seal surface 4g and the upper contacting surface 17a
of the metal gasket 17 serving as seal portion, furthermore, a
shallow groove 18e is defined at the inward portion of the collar
upper surface 1b of the sensor base 1, a shallow groove 18f is
defined at the inward portion of the block lower surface 4f of the
diaphragm base 4, and shallow grooves 18g, 18h are defined
opposite to each other at the position upward of the seal surface4g
protruding downward, each in the form of a ring, the metal gasket
17 is a metal gasket 17, with an almost rectangular section,
provided with an upper contacting surface 17a and a lower
contacting surface17b so the compressive strain arising from
pressing in the downward, vertical direction on the collar upper
surface 1b of the sensor basel by the presser member 13 is

absorbed by the shallow grooves 18e, 18f, 18g and 18h.
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the collar 1a of the sensor base 1 and the outer circumferential
portion 25 of the block 4b are made of a material with a high

hardness.
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