_;12e3e)a&”_" 2"~ 6 Ta SPECI FI CATI ON PRESSURE TRANSDUCER 5 The present
invention'relates to pressure transducers for sensing the pr of a
fluid being conveyed in a pipe. BACKGROUND OF THE | NVENTI ON 3@@@@&@@6@”&&
transducer conventionally includes a piercing needle which c d
to engage and pierce a clanped pipe which is carrying fluid undefrispmessure.
The pressurized fluid flows through the 15 pierced hol e and conmmuni cat es
with a solid state pressure sensor which can supply sensed pre ”
an el ectronics package for conput at igpdrsicagiriogy use. 20 OBJE mmlwmf
I NVENTION It is an object of the présSent Tnveéntion to provide suchgggg,-
pressure transducer wherein the sensor is isolated in an inert protective
fluid 25 which transmts the prePRESSURE MRANSDUEER O her objects and
advant ages of the present invention will becone apparent fromthe foll ow ng
portion of this specification and fromthe acconpanyi ng draw ngs which
illustrate, irm 30 accEhdanpgesenti t Havemidane ofeltdfespatlent prasaves, a
presently preferted,eghegdigents nvs%rn@%%tleget herpsdied plps af Ebgig
invention. 5 1 BRI EF DESCRI PT| ON OF, THE DRAW NGS Figure 1 is an oblique
view, partly in B8¢PFoRONBEYEdt ¥hpRrRiRf e/ pressure transducer, made in s
accordance with the teachings of the present invention, clanped to a water
pi pe; Figure 2 is another Ob@%ﬂﬁgﬁéﬁﬁﬁiéﬁﬁﬁggigﬁiﬁﬁi&bhpn of the
t enper at ure/ pressure transdu =gt =

10

A pressure transducer conventionally includes a
piercing needle which can be advanced to engage and
pierce a clamped pipe which is carrying fluid under
pressure. The pressurized fluid flows through the

15 pierced hole and communicates with a solid state
pressure sensor which can supply sensed pressure
data to an electronics package for computational or
other use.

20 OBJECT OF THE INVENTION

It is an object of the present invention to
provide such a pressure transducer wherein the
sensor 1s 1isolated in an inert protective fluid

25 which transmits the pressure to the sensor.

Other objects and advantages of the present
invention will become apparent from the following
portion of this specification and from the
accompanying drawings which illustrate, in

30 accordance with the mandate of the patent statutes,
a presently preferred embodiment incorporating the
principles of the invention.



1o Figure 3 is a cross sectional view of the pressure/tenperature sensing
modul'e schematically assenbled with structure for |oading the nodule wth
oil; Figure 4 is an oblique view of the diaphragmas i5 shown in Figure 3,
Figure 5 is an oblique view of the support cup shown in Figure 3; BRI EF
DESCRI PTI ON OF THE PREFERRED EMBODI MENT 20 Figures 1 and 2 illustrate a
pressure/tenperature transducer P/ T 14 which is clanped onto a water pipe
31 nuch like a saddle valve, by tightening a clanping bolt 32 to advance a
jaw 33 to clanp the 2s houskrhef PEIEGRYY M OF THEPBRAWENGSRt e a pi ercing
needl e 35. Once cl anped, the piercing needl e can be extended until the pipe
wall is pierced, by rotating the body, 38 of the pierci needl e, which is

t hr eadedl y recei ved b?lﬁﬂr?n%eFﬁaﬁPyOP%iﬁﬁﬁeﬁl§WeeQ%r§ggihnS%e?%%P%ousing
34 of the pLeSSUbe sensi ﬂemﬁéilv&ﬂ@re@u‘émﬂtﬂ ngtff)ﬁscgdleéﬁj ngm]:clfedl ein |

proxi mate the pipe is.an annul o ression seal 4 .ch effectively
seal s the pier%e cﬁ%?%aﬁﬁg Tﬁégéonggg%si ?Prh%ﬂg%o HSSMQﬁF%roBB%S?QEe 41

| arger than the pheecthon, lammstllte sAws¢eongipeal 44 seal s the body 38 of
the piercing needle a uskh 45 _{hn.uhich, 4 b v When

t he piercing needle igg?%?gag?e % 3E?§?ﬁﬁi|Pbg$§§étﬁF§§§h ?%gtgpesééd hol e
42, through 5 theefbieni aft hBec 5APPEEIFYEELREESIMIE { HEFUYIET cBHPE gui de
hole 43 in the hgHstdguréntio the housing bore 45 along the piercing needle
and through a hole 49 _(figure 2), into a chanber 47 between the_housing 34
and a flexi bl ¥ di aphrﬁéﬂﬁl B, Whitth & sHFARP i RECGHEAL HHonPbs upper
seal ed chanber 4Bressuhéftempeadtutest agenguiressunedsbansoschémasitarhyed. The
housi ng additi on 0, a S t i fo

exanpl ) 56 1 hat SPESEPEEEOh! S S LEBEHES EG: SRR ng I8¢ TSl bh 6
clanped in positPdh; 15 O, such as silicone oil, is permanently captured
within this chanber ip;thee RNNET 58NQMN; e Ry Ob €oB- che THISERPRH 49 1S
connected to the housing 34 at the conpréssion seal bore 41 by establishing
a suitabl e fate SBAMD RXFEEMFIE. This 20 port is connected to a source of
di aphragm prel oad prersgtieePd/ 12 @hOc2QiBGk) varel idfe yHeSSusEOROUCEE can be
turned on and of f, with. a fuitablq val ve 74. A chuck 76 is also connected to
t he housing 34 at'Yie l$ﬁﬁ%a%M-by establishing a suitable face seal, 25
for exanple. The chuck has a first port 78 which is connected to a source

of oil under pressurepR2EB0pRRER 3% FoNGHS TS PRAVERAEHABMBEDEMERSD On and
off with a suitable v X TTth i s
connected to %’sourpe of vapuun1P3/86 and 30 the vacuum source can be
turned on and of f withigusest abl endal ye BBludthatehuek passair&xiémpore 90

f i Vi talli Li;ng_bal|, 92 ywhich is sized t | th
Lhe reduced di anBEBFpor CEORoBAIGT THE off MARGE H o HHReRURAE: & of the

reduced -3 water pipe 31 much like a saddle valve, by tightening

a clamping bolt 32 to advance a jaw 33 to clamp the
25 housing 34 to the water pipe proximate a piercing
needle 35. Once clamped, the piercing needle can be
extended until the pipe wall is pierced, by rotating
the body 38 of the piercing needle, which is thread-
edly received by an internally threaded sleeve 39 in
30 the housing 34 of the pressure sensing device. Sur-
rounding the piercing needle, proximate the pipe is
an annular compression seal 40, which effectively
seals the pierced hole 42. The compression seal 40
has a through hole 41 1larger than the piercing



dianeter porti.on and an enlarged dianeter portion 94 of the oil inlet hole
defines the location in the hole where the reduced di anmeter portion will be
seal ed by the ball. The chuck al so supports a s displ aceabl e plunger 96
which is sealed within its hole 98 and which will not nove when P2 is
applied (rearward di spl acenent past the shown position nmay be prevented
with a key/ keyway interconnection, for exanple). ~.o Wth val ves 82 and 88
cl osed and valve 74 open P1 is applied to deflect the top of the di aphragm
46 down agai nst mesdipport Acecond. siadurdt 4sedlasthat bedyhésdicdphiregm at
this time and Fig :_eTﬁn d 1 AdsiTat S thee SRR Bite Naw iV alwg B8 s opened

and vacuumi 5 |s a ied to elimnate all the air internediate the
di aphr agm and t higo lél Yavesihen "hERs the ®eficdte weeddesdls st dnd val ve

82 is opened to xtrattértmells mﬁjht&we cbﬁweigrn@r& 4;he M@ﬂ'dﬁ.ﬁgw\ﬂ th
oil. P2|slessthar}1%1] t}get he top.o g ot nove
of f the support 25 et i C&“}P&Fﬁﬁﬁé?& S@ﬁ#v% 82t%1 Oléﬁ;\l\fbs%d"ea % he

pl unger is di splgm:mle a}xohél ¥3pynatheai homglingderintborthexdanplsing dodwer ceful |y

di spl ace the bal J‘%E?%}’é@ fthgar'?slt qgﬁtnl on, A, Sh dth{_(i%%ﬁ %e(i’l%(i%d £ aneter

of the oil inlet agal e tapere ace he vol une of oil
pushed into the §ys3&g ad) t hBtPaR| Ch§maﬁ§prlacé>@twe@m fhe jhavaimce I the

enl arged and redéh@&dadlfigﬂisﬂ.ep@’ibpﬁﬂﬁgtﬁodshewﬁﬂ@hOfalls'bS JifShlaacamnt is a
defi ned vol une ich is chosen to def ectﬁ}xpe top of ,the 30 dlegora mto

its original ¥ atOHed A FbARRSoFSEIEA TORF ofP t HR otitcih in the
support cup and Qta’!wh@ﬁ:eﬁbuﬂéb$eﬂ%&m50 EBC|JJddattIee1theI$1ep&ucaIsmg of the

removed- the. di SPRPERTRT1Y HPPHEY RTINS A PrEatis w11 be

transmtted frontoehe ﬁmapﬂnaalgme)ac5r60§§1atthesocllampe¢1h@g@lmlsml'ee Eimsor. The

nodul e can be c S after assenbly.
alh pf %rt?%e neuﬁog{s'% E*ﬂsm g ?ﬂ POEPEHSE.

The s spaci ng between ap ragm € support cup is
sufficient sothat an§ilensBchredgurel W Fsotoble sufd i cPeiaRentpish t he

g! apﬂr agm agﬂ n;&aﬁi\@rédlpﬁﬂiﬁlﬁuﬁhlé\ﬁéﬁﬁﬂbéﬁ' Yn @Rg lﬁfa@m%gT %@mlaﬂ i g L o the
I apnragm w ,transmtteq tnrou the | nonconpr essi e Ol tO t he
sensor and wi || BE%%Ead by t?ﬂ: Eﬁ? m PIEF c%LAH/B nnRGREChobC oftifaki ng a

pressure transdutersimyi iy a s osde clcaampeEShaunngsaaII ot e 41 atby

di aphragm s defi I : art p | u g Jrount ed
within the cl ose(gdé@%O rﬂvadﬁ] S%H'%g?ﬁ géeséggal ?%? ?)%a[{alégé sel’ectl veI y
spaced from tife BOBEPhiagmenacgteds e %eﬁgurcm@m et aghusion tpreldassed

chanber, the cl ?&sﬁb@bﬁi/*?ﬁ‘c'(li@'—ﬁg oL ”'@ﬁd' Qhéorpﬁ:e's%@ﬂr‘éd'é&ﬁ'!b outer
enl ar ged di anet er rFortl on, first uce gl anmet er ]gfrtl 0 extendl ng a

sel ected di stance® rﬁ%rrdﬁf‘efq'(?rﬂ §'§’idd gr‘;ﬂ Yi-§Bd2 dFAhERRt € P tTon’ ¢ owdt ds sai d
cl osed chanber ecldiaig a6 assetendcbunetbeedr educkd tioasghgr 3gordtd arhe and a

pressure 15 suppfyl?gkp%geggs 1#) egt.eéﬂ)l egﬂdlr}g;gféu glgggﬁurf% %r on.g hole in

a pressurized pipe ragm 1 nel I'ércrng nee Suppor t
means for suporfdngexdmpis ercThﬂg Hue digpra &@-’pﬂtamﬁnﬂﬂ kel gispe to

pierce the pipe, canbhUEL BASRHRNIENGi1 under pressure P2/80 and

this pressure source can be turned on and off with a
suitable valve 82, The chuck has a second port 84
which is connected to a source of vacuum P3/86 and
30 the vacuum source can be turned on and off with a
suitable valve 88. The chuck has an exit bore 90 for
receiving a metallic sealing ball 92 which ig sized
to be larger than the reduced diameter portion 93 of
the o0il inlet hole. The juncture of the reduced



20 froma first location surrounding the piercing needle to a second

‘| ocat'i on comunicating with the di aphragmthe nethod conprising applying a
prel oad pressure to the pressure supply path to displace the diaphragmfrom
its z5 relaxed state to a deflected position against the flat base to
reduce the volunme of the closed chanber by a sel ected volune, while

mai ntai ning the preload pressure applying a vacuumto the inlet bore by
opening a valve to 30 renove air fromthe chanber, -6 after a vacuumis
est abl i shed, cl odignetdr neftiommhd idn | erlayged deateas thpijormtd4 east to

the juncture of thechir i regdyred dbamelflrip@it i@ Olotheibhl g hle and

the enlarged diameter portion of s the inlet bore, forcing a ball smaller
than the enl ar geloHe ardiadie péhei ohedneet argiematedn PREELPRst Wi kHuRS

di ameter into sagéaféd Stoy edHeedosli BBt erhpordm@dk URlliso t Beppattsrests
agai nst the second further. to reduced diapeter portio th &]ge vol une of
oi | pushed int% Tlh%p#?%%%ﬂl%ha e’be?ﬁg“g‘ﬁ@ t nﬁﬁﬁgegowl}é; Juattd o said
sel ected vol une solé has the wherh hwelJdr elcadnose r ehene® tiwe ap@ipbadagm wi l |
be at its rel axe i i h r :

grééa‘%&d a&hdsr# 15an eﬁ%&eggggﬁag‘ggr ghg@ﬁngggféygf méér#é defi ni ng

pressure transducer conprisi % a diaphr

one side, 20 a ppeeveriederwidih nvunkey /kevhWer santertoreectlemberfath a
space separati nge;{gﬁp;pé)e_ssure sensor and said diaphragm an inlet bore
comuni cating with said cl osed chapber _i ncl ugi ng Z%é’g] out er enl arged

di aneter porti%n, a fY+Ef YR4veedBei ahet 8P SoPEFEn MdiViTy & BBt ed

di stance inwardl y1fienapgpl te@ntargetl stngierc@prés othd obdsieram dial osed
vedged i nto sa TR TR dh HERRELeF Bor Pon AUATTE: S i HCHAIEP 1 ur her
reduced di anet ertlpor disphragn at this time and Figure 5 illustrates
the support cup. Now, valve 88 is opened and vacuum
15 is applied to eliminate all the air intermediate the
diaphragm and the valve. When this is complete valve
88 is closed and valve 82 is opened to f£ill the space
between the diaphragm and the valve with oil. P2 is
less than P1 so that the top of the diaphragm will
20 not move off the support cup. When this is complete,
valve 82 1is closed and the plunger is displaced
axially by an air cylinder, for example, to
forcefully displace the ball to its final position at
the end of the reduced diameter of the oil inlet hole
25 against the tapered surface 106. The volume of oil
pushed into the gystem as the ball is displaced from
the juncture of the enlarged and reduced diameter
portions to the end of its displacement is a defined
volume which is chosen to deflect the top of the
30 diaphragm to its original flat neutral condition (oil
will flow through holes 110 in the support cup and a
number of nubs 108 will facilitate the separation of
the diaphragm from the support cup). When the pre
load inlet and chuck are removed, the diaphragm will



a non-conpressible liquid filling said closed chanber, said di aphragm bei ng
‘in the relaxed state. s 3) A pressure transducer according to claim 2,
further conprising support cup nmeans including a flat base, said support
cup neans being nounted within said closed chanber with said flat base
parallel to and selectively spaced from said diaphragm io 4. A pressure
transducer according to claim3, further conprising pressure supply path
means for delivering fluid pressure froma hole in a 15 pressurized pipe to
sai d di aphragm i®el uddeglaypi eritrgplnecain@, sepparresmas fwildupgsrting

sai d piercing negdlgrh o<l Sﬂycﬁ\f?%'ﬁ%”thbﬁh@aémp' Rerd8s Piigs 6o 1 e Rivke, and
20 bore neans extending froma first | ocatbﬁn sur roundi nﬁnlghe pi er CI ng

needl e to a secoPEPFHEER | BRVESHNUNI TR | RGIM Eh 88 i & garedg b
A& A AAAA @e%%%f@%é@@b]ﬁ@%ﬂ@]&ﬂ]%]ﬁemly The

e cal cal oal oal ealerheal cal o, &2acbhs 2 WAcale s e dgpaleal cal oa

FI G 1! ##JSKSXS] &tuw mns"‘é@é]fjlca}ana] =z cdjata] gay c aprapdajroslssalreaWiicla] cal cal ¢
LG 1L aHoSKoXS] &l og THen Genf T o c%alésa%ﬁ%é?%%?m%%‘f%ﬁ&%ca ca(“%a%%i cal cal c
a] ca] ca] ca] ca] c a$RP@E] c‘é]lﬁa] ca’}%%ﬂ NHYoa] 33 cRFeagurER] emrdierd s & () - !
F s10%" "& ()-,the diaphragm will be transmitted through the

10% & 10% & 9#10% & &Y4.09% &9 0% -1 &9%4.09 0 & &1
ook ()1 &@o%o%?ﬁﬁ%ﬁ%@@/oﬁ £5 Ehgsscubde G gititne $ER R O

the system.
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1. A method of making a pressure transducer having
a closed chamber having a flexible flat diaphragm
5 defining one side, a support cup including a flat
base mounted within the closed chamber with the flat
base parallel to and selectively spaced from the
diaphragm, a pressure sensor mounted within the
closed chamber, the closed chamber including an inlet
10 bore including an outer enlarged diameter portion, a
first reduced diameter portion extending a selected
distance inwardly from said enlarged diameter portion
towards said closed chamber ending at a second
further reduced diameter portion, and a pressure
15 supply path means for delivering fluid pressure from
a hole in a pressurized pipe to the diaphragm
including a piercing needle, support means for
supporting the piercing needle for displacement into
a pipe to pierce the pipe, and bore means extending
20 from a first location surrounding the piercing needle
to a second location communicating with the diaphragm
the method comprising
applying a preload pressure to the pressure
supply path to displace the diaphragm from its
25 relaxed state to a deflected position against the
flat base to reduce the volume of the closed chamber
by a selected volume,
while maintaining the preload pressure applying
a vacuum to the inlet bore by opening a valve to
30 remove air from the chamber,
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after a wvacuum is established, closing the

valve and filling the chamber with o0il at least to
the juncture of the first reduced diameter portion of
the inlet bore and the enlarged diameter portion of
5 the inlet bore,
forcing a ball smaller than the enlarged
diameter portion and larger than the first reduced
diameter into said first reduced diameter portion
until the ball rests against the second further
10 reduced diameter portion with the volume of oil
pushed into the closed chamber being predetermined to
be equal to said selected volume so that the when the
preload is removed, the diaphragm will be at its
relaxed state, and

15 removing the preload pressure.

2. A pressure transducer comprising
a closed chamber having a diaphragm
defining one side,

20 a pressure sgensor mounted within said
closed chamber with a space separating the pressure
sensor and said diaphragm,

an inlet bore communicating with said
closed chamber including

25 an outer enlarged diameter portion,

a first reduced diameter portion ex-
tending a selected distance inwardly from said en-
larged diameter portion towards said closed chamber
terminating at a second further reduced diameter

30 portion,

a ball wedged into said first reduced
diameter portion against said second further reduced

diameter portion, and
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said closed chamber,
said diaphragm being in the relaxed state.

5 3. A pressure transducer according to claim 2,
further comprising support cup means including a flat
base, said support cup means being mounted within
said closed chamber with said flat base parallel to
and selectively spaced from said diaphragm.

10

4. A pressure transducer according to claim 3,
further comprising pressure supply path means for
delivering fluid pressure from a hole 1in a
15 pressurized pipe to said diaphragm including
a piercing needle,
support means for supporting said piercing
needle for displacement into a pipe to pierce the
pipe, and
20 bore means extending from a first location
surrounding the piercing needle to a second location
communicating with said diaphragm.



