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| ow energy |l evel. 8y operating under a certain energy |level, the device is
ensur&WABERC generate a spark or sufficient heat to cause an expl osion
even if the device fails in sone manner. The power |evel needed to nake a
device intrinsically safe 25 are determi ned by regul atory agenci es such as
UL in tdecudsidre dargestesoliscidwmeterisrhaverfinve tubessofigreatardbat 2 ane imehs in
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insul ated to prevent a spark froma conductor due
low energy level. By operating under a certain energy level, the device Is ensured

not to generate a spark or sufficient heat to cause an explosion even if the device
fails in some manner. The power level needed to make a device intrinsically safe

25  are determined by regulatory agencies such as UL in the United States,
CENELEC in Europe, CSA in Canada, and TIIS in Japan. However, the power
requirements for vibrating flow tubes in a large Coriolis flowmeter make it very
difficult fo design a Coriolls flowmeter that is intrinsically safe as shown in U.S.
Patent No. 5,400,653 issued to Kalotay and assigned to Micro Motion, Inc.

30 One manner in which flowmeters have been made explosion proof is to
enciose the electronic drive system components mounted on the flow tubes that
operate above the intrinsically safe power levels. A conventional drive system has
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to a break in the conductor from causing an explosion in order for a

f | owmedep/obgrioe expl osi on proof. One manner of insulating the conductors is
to place a conduit of potted material on to the flow tubes. The conductors
are encl osed inside the potted conduit. However) this potted conduit on the
flowt ; L I r.

Furt her oy o MAEReRYRRITerS ARt Aok 19025 TrpBelnifone BB, an

manuf acall@reatifp cutrast istiber applisdits the heil vhich aausesithenmbhaeCand ebillo
flowmeter art for .a better naqger kg which to nake a Corjolis flowreter
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I'evel s hargeidls rreg@r@@*drxhsairﬁ«el JySterf to B PRIk d;E?g. ?Pﬁ?é?or%”ﬂ. gt her
probl ems are sol ved and an advancé in the art i1s e by the provisSion of a
second@opsi&dmthatnnent housing for a Coriolis flowmeter sensor 3  wo

00i a~9s~ rcTnsooi ons that is also an expl osion proof container. A secondary
cont ai nnent housi ng encl oses the flow tubes of the floweter as well as the
driver, sensors, and conductors affixed to the flow tubes. A secondary

expl osi on proof housing rs a secondary contai nnment housing that is nmade of
a material that is able to withstand the 5 pressure generated by an

expl osi on caused by an ignition of volatile material inside the housing.
Any gaps or openings in an explosion proof housing provide a flanme path
having sufficient length to cool any flanmes or heated material that may
escape fromthe housing. The use of a secondary contai nnent housing as an
expl osi on proof enclosure, allows the renoval of enclosures around the coi
in the drive system Thus, 10 drivers nmay be made of | ess expensive
materials and may operate at higher energy levels to provide nore power to
oscillate the flow tubes. Furthernore, the conductors inside the housing

al so do not have to be encl.osed in a potted conduit on the flow tubes which
i nproves the zero stability of the flowreter sensor. In order to wthstand
the pressure resulting froman expl osion, the design of 15 secondary
housi ng has been nodified to allow the housing to withstand the pressure of
an expl osion. The housing is forned to enclose the flow tubes of a
flowmeter within a seal ed conpartnment. The housing has an inlet base plate
proximate an inlet side of the flow tubes and an base plate proxi mate an
outlet end of the flow tubes. The inlet and outlet base plates are
platforns which are fornmed to allow the flow tubes to 20 extend through the
plates and formthe end walls that encl ose the opposing ends of the flow
tubes. f n a preferred enbodi nent, the inlet and outl et base plates are
part of the inlet and outlet manifolds of the flowreters Between the first
end and the second end of the housing, the waits of the housing forma

u- shaped bend defining an arch. The arch in the wall of the housing 25

di stributes the pressure of an explosion over the entire arch and reduces

t he nunber of weak points, such as joints, in the housing that are
susceptible to breakage fromthe pressure of an expl osion. The expl osion
proof housing nust al so have at |east one opening to allow the conductors
to pass through the housing to connect the driver and sensors inside the 30
housing with neter electronics outside the housing. The openi ng nust
provide a fanme path of sufficient |length to coop any hot gas or flane that
escapes through the opening in an explosion. One solution is to pot the
conductors into the side of the 4 Substitute Sheet - 25 June 2003 housi ng
to reduce the flane path to the conductors passing through the housing. In
order to pot the conductors into the housing, a feedthrough is used in the
preferred enbodinent. In the present invention, the feedthrough is a nenber
made of material that can withstand an expl osion. Conductors are potted
into an 5 opening through the feedthrough. The potted material prevents an
expl osi on from escapi ng through the feedthrough and reduces the flanme path
to the length of each conductor that passes through the feedthrough. The
feedt hrough then fits into an opening in the housing and is wel ded or sone
other way affixed in place in an opening through the housing. 10 An aspect
of this inventionis a Coriolis fl ter having at | east one flow tube
that is substantially u-shaped, a driver systemaffixed to said at |east
one flow tube to vibrate said at |east one flow tube, sensors affixed to
said at |east one flow tubaMENmRESYfE@sci || ations of said at |east one

fl ow tube responsive to said driver



systemvibrating said at | east one flow tube wherein said senrsor-s transm t
15 informati on about said oscillations to neter electronics, an inlet

mani fold affixed to an inlet end of said at | east one fl ow tube wherein
-sai d inl ¢te garrehbdihdodgh dvd soibhéd emowdh pawver itakreate@ separd artsufécisnt foaat th | ow
t ube, an, outl et nifold affixed to an outlet end of said at | east one fl ow
tube to tgrytgc\(olggadnﬂe(g@l -of material fromsaid at | east one flow tube info
a connected pi r t
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encl ose said at |east one flow tube; and a substantially u-shaped bend
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arch. 511 Substitute Sheet - 25 June 2003 Another aspect is that a first
conduct @ec‘ﬁa\?e npetals cayse audycamreats sdhanthameanstied eéq/ss Stbjenteddodhed
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said eXM@&bﬁauwmfnelmldmé hfewm@sw@v@mﬁcﬁbau bbbBin. STRESE eaH9cuPRBSES
frominside said explosion proof housing to outside said_explosion proof

hou5| ngcanéﬁa @ edsgtion in thecailableepaypemiondyiye the ew tubes. aFFBemQ\MemIQSSﬁ?@ a

h L h | at | d
exBPos: GNP dBF ek FERs o pe Potral 1t S Roes BRI BresttS B A0VStghat 1 ¢
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second end connected to said neter electronics to transmt signals from
sai d seﬁgdhsrmorcs&nejcmmrth@cmp@mteéqrtWﬁeirefiemrmEalS@aasmbmcnmm% pass
fromi nyﬂ sai d expl asi on _proof housing to outside said explosion proof
housi ngmte cﬁ?é’ﬂogr};ﬁ S g€ P@%@t one openi ng. Another aspect is that a first

flow tube anddaitioRaMndtHe evhditisrs il wheR&dtNthES deiged drd %Ten%FB t6l e
ﬁrlses an inlet opening for receiving a flow of material froma
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sai d i x@floNER Hrosr. V‘d)héhnﬂ;hh’érdﬂﬁnﬁﬁbﬁné|tIQéVcBth:t%@é i {dpRice a conduit of
potted material on to the flow tubes. The conductors are enclosed inside the potted
conduit. However, this potted conduit on the flow tubes can cause a zero stability
25 problem in the flowmeter. Furthermore, the potted conduit is expensive and time
consuming to manufacture.

For the above reasons, there is a need in the Coriolis flowmeter art for a better
manner m which to make a Coriolis flowmeter that can operate in an explosive
environment while operating at power levels above intrinsicaily safe limits.

30 Solution
The aopove and other problems are sclved and an advance in the art is made

by the provision of a secondary containment housing for a Coriolis flowmeter sensor
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_opening ipLq,sRk4 first flow and said second flow) wherein siyugipyider is
proxi mate sard inlet opening to mnimze the volune in a flow path into

said inlet manifold fromsaid inlet opening to reduce eddies in said flow
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to said at |east one flow tube; and said second end of said expl osion proof
houd§ ng driveE maxde Madepidess expersive spatepalssand wmaé%atm:ggemw@yt 0

| i Lot f i he. ab
ona or i EetpuERThoR ol P b dstfte L oMbl Plnbelinolel s bhalliorePo e
housi ng rigide tesissudiag dlsd HBholdiaae edbdesidgyd ipna betew conduitbr e flow

followng drwings: FIG 1 illustrating a Coriolis flowreter of the present
i nvent i $tPeswitch Improvestthetaang siabilitypidbe dlowinetsr sekpeef-ng affxed to a
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housi ng FI G i llustrating an exenpl ary enbodi ment of a manifold for a
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of the flow tubes and an base plate proximate an outlet end of the flow tubes. The

inlet and outlet base plates are platforms which are formed to aliow the flow tubes to
20  extend through the plates and form the end walls that enclose the opposing ends of
the flow tubes. In a preferred embodiment, the inlet and outlet base plates are part
of the inlet and outlet manifoids of the flowmeter.

Between the first end and the second end of the housing, the walils of the

housing form a u-shaped bend defining an arch. The arch in the wall of the housing

25  distributes the pressure of an explosion over the entire arch and reduces the number
of weak points, such as joints, in the housing that are susceptible to breakage from

the pressure of an explosion.

The explosion proof housing must also have at least one opening to allow the

conductors to pass through the housing to connect the driver and sensors inside the

30  housing with meter electronics outside the housing. The opening must provide a
flame patn of sufficient length to cool any hot gas or flame that escapes through the

opening in an explosion. One solution is to pot the conductors into the side of the
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FIG 7 illustrating one exenplary enbodi nrent of a feedthrough for an

expl osi on proof housing; FIG 8 illustrating a cross sectional view of the
exenpl ary feedthough along 30 line B; FIG 9. illustrating a driver of a
-Corioiis flowreter; FIG 10 illust raéi ng a sectigps@itetdneth@83uMH2008Vi Ng a
rib; F1G 17 illustrate a cross section view of a conventional coil bobbin;
and FIG 12 illustrate a cross section view of an alternative coif bobbin.
WO 001 47957 Detail ed Description Coriolis Flowmeter in General -FIG 1
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of material into said at least one flow tube, an outlet manifold affixed to an outlet
end of said at least one flow tube to direct said flow of material from said at least
one flow tube into a connected pipeline; said flowmeter characterized by:

20 an explosion proof housing enclosing said at ieast one flow tube, said driver
system, and said sensors wherein said explosion proof housing is adapted to
contain an explosion of volatile material ignited inside said explosion proof housing
and prevent sparks and high temperatures inside said explosion proof housing
from igniting volatile material outside of said housing and wherein said explosion

25  proof housing includes:

a first end affixed to said inlet manifold;
a second end affixed to said outlet manifold to enclose said at least one flow
tube; and
a substantially u-shaped bend between said first end and said second end
30  of said explosion proof housing wherein said substantially u-shaped bend is
defined as an arch between said first end and said second end of said explosion
proof housing to distribute stress applied to said explosion proof housing over said

arch.



respective bending axes Wand W and at what is terned the first out of
bendi ng node 30 of the flowreter. Driver 104 may conprise one of many well
known arrangenents, such as a magnet nounted to flow tune 103A and an
opposing coil nountea to flow tube }03B. An al t esgstituegSHEet + Bnduné 30qBassed

t hrough the opposing coil to cause both 6 tubes to oscillate. A suitable
drive signal is applied by neter electronics 20, via |lead 110 to driver
104. The description of FlI 11‘15 royi ded mareI% az 8 exanpl e of the
oper ati on of AdIatheraspest iy @ﬁt@t et yeonpavingikfiet gn &OﬂﬂﬁFﬁedttﬁ(ﬁaﬂ@achl ng
of the e ght and | ef t
Vel oci 1 12 Shsjen ESRle £5ia Apligh pROGSGTNG prithd FREARRCbIE ikl ¢

el ect r ononsedad o atkterslectronits outsigliegsaitl expldséenip tad hausirty; causes dr| ver

104 t I fl t ub 103A, 03B. Th
descr?bgzcﬁegéﬁﬁ 8&%05?8%8 ﬁﬁf? 2?‘8'1 1ot P(Pé’ &%&%Méﬂgﬁg}‘ﬂ%&%‘?(ﬁﬁwers
Vet gr eé&w&aﬂﬁés gf@]rﬂgrgsﬁae's%d eﬁﬂ@sfdrgﬂi'r‘oomb%inb)to%tﬂﬁéé%a?oo conput e

mass flow rate. provi des an I nput and an out put neans t hat
al | ows eomlwoelpecmfrrmusmg dbereini saic at least wineropaning orenides a/ﬂamapamnatl on

oxpl osi VY acticgers bl B GoHRR LGRS MR ARRERRInd Bol e BPRsiomr evi 1

of thi preepRduglhgon. An expl osion proof housing- FIG 2 15 FI G 2
illustrates an expl osi on proof housing 200 encl gsing fl ow tubes 103A and
1038 of  Cor iANather Al Feeand ConauUEBFY BAYINGrst AU £00AFFEN; to saidwrret er

LOUB" | SRR RSl eid Sh RS o PRSI 20 B SREBITR cocelfbsdifl ), ° 1
one or nelehelgctrbhive to dizrsniif Signalsdfrd Msaid sehsors toXaid metbeelectronits,
i nvention, an exgl 05|qc:)6?|'5>roof hou5| 200 hat, ,can, wi.t hst a an expl osi on

of vol ¥herginsaidseeen yetaes Pﬂ%ef ”Hﬁ‘é' SR exPiRFioR R t ubes
103A-1 pk%’a he expl osi on
pr oof ﬁgﬁéﬁééy al so Er events siw ggé%%%é%gtsgb%rog%mn gener ated by
conmponent s Ahothemaspeet isghatatiirst tuheand @i seomgl vatibie; amdtvenérain out si de
:Tgs hous. ngl gOO E{ ﬁ %goses of the present discussion, volatile
erlﬁ?‘d' € rlj: °‘P'T‘a F8'or solid that can be ignited by a spark or by
appf i cat ~onaffiniéegtenihg for deeiviny Biflows bfthtémaldiarh aspipelindiousi ng 200 nust
be stronger than a conventignal secondar cont ai nnment _housi ng in order to

wi t hst and t%@rﬁfroélé‘ghﬂ'@t@é%‘éﬂﬁ adirst fiaw @(BISEEQ pletapepingta said fisstdloval i n
housi gOO caused by a spark from an el ectronic conponent. Electronic
corrponents 30 inside housing 200 may include but are not limted to driver
104, sensorasacénd obtletthat pravidesld secord flow framisaid Bdet operig & said WO

00l 4 i957 P 0/01776 By providing an explosion proof housing 200,
oé)qver SCEeR d%%&f?? & AN Getall in FIG 9) does not have to include an

encl osure faPﬂwIdé? p%’klinaté' RaiEiRfSt @Ppiring WhickPdiviiesysaid RBivattorfilsafy miethi ch is
fitted around a coil bobbin and the wires of the coil. The nmetal sl eeve

typi cAPepingine saiddirst fow asssaid secard fayh whesein said divideris eranimate whi ch 5
r educglébcfn fﬁ?et%ga‘{’é‘ﬁﬁ]nocﬁ{sol @g}ﬁ% R voIGHieEiR 4 ﬁﬁw{ﬁ“agﬁ"anté's%‘?d ﬁﬂl%ﬁngr? foigeeded in

expl o a nore powertu euse in Coriolis
f 1 ownifroen séldanlttbbewngube'sddaeeﬂﬁﬁeﬂh s‘aadlﬂogl greater f I ow rates nay be

produced. AR LA A4Sl SR HoSTRIAHSTE BLRRG RShAL 2P 'S
sectlon and a second half section divided along a longitudinal axis between said
first end and said second end of said explosion praof housing wherein said first half
section and said second half section are affixed to one another to said inlet
manifold and said outlet manifold at assembly time to enclose said at least one flow

30 tube.



conduit does not have to be adhered to flow tubes 103A and 103B. The potted
conduit 10 is an insulated material which encloses |eads 110,111 and 111’
to prevent the leads fromigniting the atnosphere inside the case causing
~an explosion. The potted conduit cagacause a zersupsfitaighedty 2pUatd o8 f or

fl ow tubes 103A and 103B. The elimnation of the potted conduit elimnates

the zero st abj pr.obl.e One manner in which
housi ng 200 t%%r P%ﬁtd?ﬁgﬁgiﬁﬁéﬂﬁ {’r{%&u@ﬁcﬁgiﬁﬁbgs ‘osi on inside housing
200 is to usea ﬁmt@%@fh%@&termftslam mt\mhmf@ldqﬁamarmst?@mecé typi cal
secondary contai nment housi &g i s made of _several arate pieces which are

wel ded t oget Hdleast aiggmanipll awtetiapaningin srid tﬂéﬁcﬁq cerf sai§isigastmgn

j oi nt f ldt
| he'sectidgifiafomledlOLE Phee hanfil 9 ERPHBAS G ABWRBLoaEN POl b e
applg ed to tsaidfitstiend cieaid explosionuprbal boasingtie affixed tersdid Gbicesfatbef

joints in Se housi ng’ which may be torn apart fromthe pressure generated
by an e®gi baastng Rak-oded view of a Coriolis flowreter in an expl osi on

proof housi “?&oﬁga’s&e&%g‘%t sbldjéﬁﬁé’ltrﬁémnm ?mﬁ%g vi ew of an exenpl ar',

enbodi nent o t 'ownret er expl osi on proof housing
200. Expl osi arsgeoadfcasting iphaterafssaid butist mandolditbathaeedinst surtaashi ch encl ose

fl b ferred d he fi
end s a castl egShpas Braniiold palet SRSHFRT Sa Gk aiAeT B S0¢ BROPHe i et
si glg of cadtmenmhagy tH'at éaﬁinééle sHé 0tletM@nifeldtoCstid bb kaRt 8he MRRWAtublaaknys

affixed to mani fol d . Those skilled in the art will recognize that

al t hough onesad sggcodfand ofssig explosiamprof heysing ip afifed-lowsaid dirsts

1 ow t uitace Srgaid s cA g Blate 1 ahfRse R AOIBRP AR BEWLRPSL  nar < ne

base of expl osi on pr oof homeganﬁﬂanrﬁmheromying@t be affrxed to 8 9 .
Substitute SEhﬂe)t - 25 June 2003 the .inlLet anéip outlet manifolds 102-102 I n
a pref erred abeyrand cthert features &f @ Gorolilowmelsnhaving e explesor cast as

t
!tohat czfstl ng ‘%ﬁ’g §Sg&gbn%ﬂ)%b%e%g sge gﬁ:'@h é(%a‘ gtéoﬁhng‘%lg%{ﬂcli%msz ggdl °
102 byira\wlr@s or other methods. 5 Housing 200 also has a first half section
301 and |, f t . 302 Wwhi ch the fi d d d f
nousi ng 2007181 AdiCkERRio ARG Semeiar Bt feriensntinkelinn 302 are secti on
of wall's curygd2hmistesn V\ﬁaarf biﬁlbsi@ﬁ@,ﬁné?ﬁo@ﬂd AffpeOwta EdeRIiS Adwnietepr M a

cylindrical enclosure he two hal sectl ons_ are g oi ned. First half
sectl on 301F¥ad3dlusymtingan ew@dedwemgf aCeoriglis floveneter gnciaseddn ap
sta tween a first end 393 and a second end 394 to match
g be%@%!ﬁrﬁmﬁ?ﬁBg IHSEL03A and 1038. FIG 10 illustrates a portion of an
outer ci r curi@r 4ilustrating aheroks sectiomal vidw lod ai Coriclisrfidwrmeéter.hovised il@0 ar e
enbr osses1 on _the PUt er, surface of a half section 301 or 302 of the housing.
The riBXPI98IPH RAPT RRYSIAG 2 support el ement in each. 15 half section 301 or

302 of the ppgiss nﬂstréﬁn% baWdrsiaRPéRBoliMéntofPiian#skf foPa Gekhisas hal f
section 301 or ave any nunber of ribs 1010 on the outer
flowmeter havmg an explosnon proof housing;
25 FIG. 6 illustrating a cross sectional view of a flaw path through the
exemplary manifold along line 6 in FIG. §;
FIG. 7 illustrating one exemplary embodiment of a feedthrough for an
explosion proof housing;
FIG. 8 illustrating a cross sectional view of the exemplary feedthough along
30 lineB;
FIG. 9. illustrating a driver of a Coriclis flowmeter,
FIG. 10 illustrating a section of the housing having a rib;
FIG. 11 illustrate a cross section view of a conventional coil bobbin; and

FIG. 12 fllustrate a cross section view of an alternative coil bobbin.



circunference of the half section. In order to facilitate t Lol ng~Of

‘first hal W%ﬁ%?%&] 301 and second hal f section 302, one sec?ﬁ)ir“i%ngu{/&ﬁaee a
lip 1001 (FIG 10) along each edge of a first 20 half section 301 and the
-other half section 302 of housi ngh %Oﬂ?gﬂ%e have, a groove (not shown) al ong
each edge to receive a mated |ipH%8 LARBOBf the first half section.

As shown b@rﬁif_G‘loﬁmeié.rriﬁtGéWérEi s8gf iqjon 301 are second half section 302 are
mat ed aro an and wel ded together or affuced in
some ot her manféB. 1 Aidstrasés arCoridlisf flowtneterl I cormptising 30dwmetersessendbliyal 0

section 302 is 25 welded or in some other manner affixed to casting 8| ate
303 the tamemeaierelapiranics LBnY elerelgrirpRica 20 & ernestrst Iedpetes asseBmlYy dAyiaf

b Hal . _ \ ) | (
Lo 4 P08, PR, AR BT R 8L 0RO T MR Y )
103A- 103Geripdrutirs, 204.otpadirgemsaticn b06r et 26.n31 deoltausé agpaRsht 130those

Conductors 110. 111, and 111' pass through opening 306 (Nat seen in FIG 3)
and openiskdlesbin the contedttharpresenbioweatian fansbe Jisedsby @y typenef &oriolis

Fl ame padkmaten BoRaToPLe Aaog ERrbeiscite pigh s Bl SorRbR abBor
i gni ted WeabtihG niBtieehf dbratibR. order to 10 Substitute Sheet - 25 June 2003

reduce the opening to the width of the conductors, the conductors 110-171
ar e Mypi cal | y fowmater assermbiy 10dn¢ludes apagiohfanges 1Thanddanemarfifoldsi 62zi ng

h i th is th faf h h. h d
ebod mortd $82bEAvEn ST BRY IS 5080l EofeoP, ase il Rt 10 SR APAEE 506
and. 307 R ePreMeIHd FiBk DHEEbeN 105 aretsamiebrnBERAD MRSAIHKES1GDA angl 307

i n expl osion proof housing 200. Feedthroughs 308 (not shown in FIG 3) and
309 al | oWOBd2ds 110, 117 and 111' to pass through openings 306 and 30T.

Alth h i 30 d 7 h in. | 3
Ski 1 ed s mPE nEae st EneL IO are e A o rihbiaRs 1B eRt D" daffelgs Yoasit
30715n hegsi A %Qe@ﬂ?épg%mé eR®s bESpACKH 6e $pdder 1O6aMERELIBEhe %ba%ﬂ%g%

expl osi on proof housing 0. An exenplary enbodi nent of feedthroughs
and 309 betweenstanifolis 102 End3027to- pr@vantunttesied védratiensin flow tabeptd 68Aray

3T 27 R YodB0vlih ot shsebl BHeiRRRiad e e R 1
t he Spaggh%rhcwﬁgfs RV B RS %%lﬁg\\ena@&lﬂr@aﬁn%f@rau Eﬁte%‘ﬁ]b%?&e?‘és??h‘w%‘lyﬂgozoo-

Cavity O provides a space en the walls of explosion proot housing
200 and thheuglofiaage mtOd , gfaskesvhmorigér inket searhifojd 102 Wheres thec totplr evening dfeat

fr the co nents from be lied he s, of housing 400 whi in
tulhr VBRI e RrasmienanRy Sel Gt 1058 dicbrehrieasr o Yene sl Goa

housi ng yl JiBdyi hN
oty D 0D B o e e P T Ao
gener at dlaangeex®1’osi on having a sufficient pressure that could cause a crack
in a wall of housing 2 in or for housi,ng 200 to .maintain structural
integrity dur’?‘ﬁ@’ '&Pgéﬂgﬂ%&?ﬁﬁjgﬁbn’i‘rﬁ ?QF@GF@%C’@R&{PP“?W FIQHed &2 M&di n an
ex | osl | g ith! r i r | ary
erbod: e R0 U ahd SueL FiarioRkb D2 S0 Bsity HeRk bR rariahy A ekl MY o1
10250r distdbtupon, memehislof irfddRa, andrelastprreddul e dbatbeddimeyd x e stV artd\BO0 i s

cast as one piece duri ng manufacture. ver, those gkilled in the art
WTI T oUlgReBechya yHre Bl RoHERS SubtaTal e e BE0 bR e Seastay
constru?tag 1s1¢Righ el y and then assenbled into one piece. 30 For sinplicity
and to reduce cost, manifold 500 is interchangeable as an inlet manifold
102 and an oWRlbwttulmeni 2A-B A riverdomedever 1dpamgpesitadireoliaiss aagubibeimde
for inlet manifold 102 and far, outlet manifold &02' , .

respective bending axes W and W and at what is termed the first out of bending mode

30 of the flowmeter. Driver 104 may comprise one of many well known arrangements,
such as a magnet mounted to flow tupe 103A and an opposing coll mountea 1w flow

tube 103B. An alternating current 1s passed through the opposing coil to cause both

6



Fl ow tube connecting nmenbers 502 and 503 are affixed to fl ow-t.ube 103A and
103B (Shown in FIG 1 ) via orbital welds or sone other nethod. Flow tube
connecti ng nmenbers 502-503 either receive material fromor direct materi al
‘into fl owbasttesostifate. andsuladR (Sroswnalns EbBlidd by rAefér@IIematIiMC!r, QS) @8 lead
mani fol d 500 connects flow tube 5 connecting nenbers 502-503

i nl et/ ouf M@#o ggmer Iwetn%tﬁqsgf'pmot RIG dniseEprigedsngrely an@e qwaIe afghe

bi pol 1 neoPPh o Adoe TEIAFeRR F1d & nbl MReBhel oL AR 1RE, kPind Bepe

menber 5@eseht Blvehsion. rrenber that is configured to mate with spacer 106.
Al t hough spacer attachnment nmenber 501 is illustrated as a circular ring
menber, t hoseMeken elegtromics 120 regewes thg Fipht asddeft ¥elackytsignals apmearpig erenber

401 t th f t b

40, st BB 512 UK L R Festisctdy Metare SER B S nRGea o Brive Lo ner oo
embodi mMahd 1@9%:@& cabist & drbdr 103 t dskilletlowRibesOl 08 OA% 1088, rerlisesehhe
nunber of welds to affix explosion proof housing 200 to Coriolis Tl oweter

5. The ara\serntm@ a¥ describedghgremt, ead @doducermuitipts drig® sigabisofor enlutipke drinerss

nb d h
o i e Bl ropics ALPRESs AT Blocl sl i matie niss RUEE " The
amgnt @atﬁ%ﬂo@ldé&%ﬁj%t}t AneaH omm tr@a%sﬁ%t aTJSNIv§ nﬁ&@%te%ttctmcg%ttoof R

mani fol d 500 as well as the susceptibility of manifold 500 to cracking.
cross sdauerfeaalwith mwopbraﬁoflkrwepmahamcm ofitite aimcuitrylad Me@r efldcEromics 20 iBI G 6

illustrat t I f fold I f FI.GS.

F otvsp;ﬁnﬁée?@‘e&?ﬁﬁeé%ﬁama PR R RRB AP SILE08 PTRTGN BRERVEDENES a

m ni nal omﬁé%rgﬁ%% gvdggérﬂ.,t@go is divided into a fist flow tube path
e

601 and a secon 02. The m nimal vol unme before the division

| nto t hAn mgmegf'damfvhdggm gdCGh8 is provided by noving divider 604
imate in Iet 505. Divider 604 is a 2 rotrudin nto | ow
pa 600 to h&% %3 uskiates 8l SFPIGHANPIOS) hPHF'BQaEQd\%%'OIS "tﬂ/\ft“PWHH 1 and
I t
Sofﬁ(r:rgn?hg t19?’8 &#@orﬁtﬂfsﬁ%et&@ St YA Enﬁﬁ? '928%&?‘1&{5 ﬂmh@?el i aﬁgéewe q

orns a rror to the IVI materi a

to poola seddeylomritdnanfdrmvvooémgnlharermllomrﬂmwbesheomwwstef(smimr| al
flowing t rou h fl ow tube 103A and 103B. After ffrrﬁteri al enters first flow

tube paff! @rP@IéEBhﬂ’EI“PQﬁI/fFPUb%SC@@"ISaIPI‘P%@!e” atereigebpirofdlamivkar 602
bend t th through manifold 500 to or rromflow tubes 103A
and 102@2;'@%&8 1%)3?(;?'&{1@% 11 ~~p OO q79g7 PCT' USUQ 01776 A feedthroudh for

areCexpl osi onnphe pfedent Hvegtior Hh expléson 5rcmi¢ho&s:ri§ Zp0 that chnstitredtend @me

enbodi nent of a feedt hr ough 700 for ex&ﬁgsmn r oof._housi ng 200.
Feedt hiSR§PSIaDnof valatile W‘%&Of’we%mﬁ th@d?‘f?i-%d‘f‘%?@ f@'?frh’%fsﬂ@é’ WhsSosi on

proof Reys ng3B08r i & MEQHQ‘%B II?B’S(S%% FRBCQI:“%% ¥‘9<S;S Ié&f“' s 5
out si de expl osion proof 'housin whi T e ‘mai nt ar ni t he epr05|on
pr oof IfnounSIrrggZCHDﬂso pfients §iaar3$ afavhightampleestuod gbeeditb@bgmoﬁ%bxaéﬂts of
feedthroughs 308 and 309 illustrated in FIG 3. One type of feedthrough i's
si npl y 1PYPREE" 885¢BDYOHe frormbiaaiting: iatie G'baéﬁf'ﬁboﬁ‘tﬁ'%? W&I hoysing,gflQsiFef  pr oof
hoysi DBurbiRRRine bieRPLiERSkIOH, vs%fﬂ%EaEHrﬁaﬂ)g‘é %zskehﬁﬂtbsér@)ﬂdsth%%an

desi rabl' e because any error 1n the potting ess requires the entire
housi ngetignitex ty scspatkdr blhapplisetiaf otahéaedhmtrdegluo alithstend be eqgiidsionors to
be the only path through which a flane or hot volatile material can escape

from hBGEF'H@ 2:.‘190%%98&11@@96@&@@ HEPWEEHOPRESSRUMNATY 60gIRIAMENE MIOUFHNT s of
the hosh gy RS WindEarfy thI ﬁgﬁesg@fe@]&tﬁa@tft&a@é@%gm B{w(ﬂt?ég %%?Ia Orfm% or

hot gas to prevent 1gni out’si ronnen | owi ng

f eedt hieoigéing @Q00icaudéd By ¥ epassramnagsrRepbaic conepatart] Efbdtniderapbnentd
recogni ze any openi ng that has conductors providi ng a sufficient flanme path

bengieks sing 200 may naludsditase et lm'tﬁsttomﬂy@r A4 cgrmisors 185pt @%'@nded
exenpl odi ty raugh 700 is a cylindrical metallic member that
fits ”g%ésgﬁbo"?qq (éuch<%s ’openi ng 306 or 307 in the casting plates 20
303 and 304 of eprOS|on proof housing 200. Feed through 700 is a
cylindrical nenber having a first end and a second end. A first end of
feedt hrough 700 has a cylindrical nmember 701 which protrudes outward from
the circunference of the first end. A second end of feedthrough 700 is a
cylindrical boss 702 which extends outward fromthe center or F nenber 701.
Cylindrical boss 702 is fitted into an 25 opening wth m nimal spacing
bet ween the sides of the opening and the outer circunference of cylindrical
boss 702. When feedthrough 700 is inserted into an opening, boss 702
extends through the opening and menber 701 is affixed to the wall
surroundlng the openlng Menber 701 |s then melded or in sone other way
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30 FIG 8 illustrates a cross sectional view of feedthrough 700. The_cross
secti ona~WQ e847P¥veal s the conponents of feedthrough 700. ThBCT{YSEYOIETY of
f eedt hough 700 has a recessed cavity 801 that extends at | east
-substantially through 12 f eedt hrough 700 to a base 802 on a second end of
f eedt hr ough 7y piividibgsan egRiokux preefinoysindN@O0s howa) 184 fBboaini inydadéil in
conductors 8 extend from cayi 801 through the a i ngs in base 80
Conduct orElCE 3 dPRE PBBeYE 0 TEaR n Enelqe ST skl THoS CRglesuthg BRGATY A
potting ' ich SRt d 41b8Rb 8chd ISR YNMNEW . s
i nj ect ed?ﬁ%&él?ﬁg@%%&@ﬂ%?ﬁt&d aH’gse 802.l T e&potnid%/ng ng%’éé?ﬁtﬁ?%gglﬁkléﬁ s the
space betsiemre typivhliptcausel08dily duotemts ondibet ntagrzdi3 fieldpl efctheadrvdérowbiehl

f eedt hrough 700 to prevent an, explgsion from escaﬁi n throuah an opening in
f eedthr otgfucRSENeRONANRTINGIHT¥Es QIRCe thi Bela! BigeNPriy NBHOerRed i exXidP$iBf ng
manner . : egt i ki n

openi ng SO0 PUsing 205 o3 ReRTpbRET! 8kl ke Bred S EFEICEFMAS S Bha o

ot her mafbartubés caesble @f walvinBdleat@olow r@Rd tnary wx pesdlscddhr ough t he

openi ng. Each |l ead inside the housing is then affixed to a conductor 803 in
a f eedt hr oughAnothesadyantags olhamng aNLXIGHGEtRIPOBDIUSIRICZAG isdpatiPAte? ead
is then i f 0 i

conneot e BONATE R T By TG RR 2ohsl B P Eb ST IR HE B 3RS dobedBpRUaE, .

FI G109. ®lan imedialet rmiatérialWhith esiciodegdeadslnitoe sy ah@M1i0h prefvent heatsds ed
enbodi nent of Coriolis tloweter 5. In a preferred exenplary enbodi nent,

driver 1f)am igndingdthe atmpspipietinsidedhsl gaseosausiig paeosiae. arlthewpottedhot e

exol osi ofonsbEn Sautt. s Set SiAThy Wb onc r 58 L Bes YA EhLo i, T
nmagnet agigpiBlion 8 theapstted eehduiReRRdtEs 928 zeks a@ﬁtf p%ﬂleﬁ%éﬁﬁ%ogw g d in

opposing directions from nagnet assenbly 910 and coil assenbly 92
Br acket scatiuitar e wi ngs whi ch extend outward fromthe flat base and have a

b iall d ed ; i d h i,S f d , i fl
ubld 105" 25 Qe TS RO wBl pACEHE-238 ek B) Atbrialhge 1P NG e "
or in S%@wmrnsmsiﬁé bowasitd gsé lapviarchEss HOBe @datlis Bf tHyuding?2do

driver to Coriolis flowreter 5. Magnet assenbly 910 has a nagnet I{eeper
902 as & hypical seeendary sopldinmend hausingns anade of sevearal separaladiedasaplicho02.

Wall s 913 and, 914 extend ou rd . 30 f.rom,outer edges,of a second side of

e et e deshiootlid i iEEiints T ko8 bR 358 pRlse” HS IR A | ¢
fields iﬁ%%ﬁc@%fﬁ@éﬁ??ﬁ@s@%@ﬂowahf@(mbgféinnélﬁjléfteépirle 884%ion3 f th&O 00h
;957 PCT/USUQ 01776 Magnet 903 is a substantially cylindncal magnet having

a fA0 st hanaing apactorrcbriz3 tistpitatte 9 asyipsessuneeappliadotoathedipusing berese thidlot
h . T t sl d t..90 ffixed t f f
mgnet RUE367 0808 21 SR lrdea g s d e hiyRbe i S 25F 2Radteroos”
typi cal khe passareP§driiraftld Bpanxpiidiorked to 5 its second side. The magnet

pole (not shown) is a cap the is fitted to the second end of nmagnet 903 to
di rect Aneexpingiedtviewfdf &l Qeriblis fiowmeteringan explosigrspradfnoasmng '

904) and coi L_baphin 905, Coif bobbin 905 is. affixed 1o.a bracker 911, Coi |
pobbi 1 905 nE S DU SR ABRRdR VPl PReeLar bOa i el |
90451 s NOWRRterSahsid8an éx%ld%'rﬁ‘f)%fﬁauﬁ%idzdm@édlbs‘?@ﬁ PR PRDLS R g HAsERaBEt
903. Coil 904 is connected to lead 110 which applies alternating currents

to coi | esdandEheecdrdeendtwingh anclaset Bowdube tiA 29041638. rtaghetpredredo
bR PSS e MOt B8 S 4 BaLHAG pfAUYTS et LRES 1 DB 2038

102 on the inlet side of flowmeter 5 and the second end is a casting plate 304 that is

affixed to manifold 102'. Those skilled in the art will recognize that although one
30 specific design for an explosion proof housing is described, there are various methods
that can be employed to enclose the flow tubes. For example, one skilled in the art will

recognize that the base of explosion proof housing 200 may or may not be affixed to
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t.-o one another. FIG 11 illustrates a cross section of a conventional coil
bobbin 1105 which nmay 15 be used as coil bobbin 905 (SEE FIG 9.).
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sections are affixed to one another. A second end of first half section 301 and
second half section 302 js alsa welded or in some other way affixed to casting
plate 304 to enclose flow tubes 103A-1038, drivers 104, and sensors 105-105'
inside housing 200.

30 Conductors 110, 111, and 111’ pass through opening 306 (Not seen in
FIG. 3) and opening 307 to connect driver 104 and sensors 105-105" to meter
electranics 20. Openings 306 (not shown in FIG. 3) and 307 must provide a flame
path that is narrow and has a sufficient length to cool a heated or ignited volatile
material. In arder to



opening provides a flanme path having a sufficient length to cool hot
vol atile material escaping fromsaid expl osion proof housing. 3_ The
Coriolis flowreter (5) of claim2 further conprising: second conductors

'(111-111") having a first end connecfged to said KgHSRSShe? 25 Re 2obANSi de
sai d expl osi on proof housing and a second end connected to said neter

el ectronics (20) to transmt signals fromsaid sensors (105-'! 05') to said
a nmeter electronics (20)) wherein said second conductors (111-191') pass
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| east et fidrabeing 8pplidttito volatile material outside housing 200. The volume of
20  volatile material that can be enclosed in cavity 400 must be less than the volume of
volatile material required to generate an explosion having a sufficient pressure that
could cause a crack in a wall of housing 200 in order for housing 200 to maintain
structural integrity during an explosion.
A manifold for a Coriglis Flowmeter having an explosion proof housing- FIG. 5
25 FIG. 5 illustrates a preferred exemplary embodiment of a manifold 500
which can be used as either an input manifold 102 or an output manifold 102". In a
preferred embediment, manifold 500 is cast as one piece during manufacture.
However, those skilled in the art will recognize the various components of manifold
500 could be cast ar constructed separately and then assembled into ane piece.
30  For simplicity and to reduce cost, manifold 500 is interchangeable as an inlet
manifold 102 and an outlet manifold 102'. However, separate manifolds may be
made for inlet manifold 102 and for outlet manifold 102'.




said second.end.of said explosion proof housing is affixed to-.satd--fi+st
surface of said second casting pI ate to enclose said at | east one flow
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oL- 94.0%& () - ! °f"5}ac%é&f§%£§f ol Rt s shetdss of i el s A< s05. The
ribs reduce the amount of material needed to cast manifold 500. This reduces the
cost of manifold 500 as well as the susceptibility of manifold 500 to cracking.

A cross sectional view of a flow path through manifold 500- FIG. 6.

20 FIG. 6 illustrates a cross sectional view of manifold 500 along line 6 of FIG.5.
Flow path 600 carries material through manifold 500. Flow path 600 has a minimal
volume before flow path 600 is divided into a fist flow tube path 601 and a second flow
tube path 602. The minimal volume before the division into the separate flow tube
paths is provided by moving divider 604 proximate inlet/outlet 505. Divider 604 is a

25 wall protruding into flow path 600 to divide the flow of material into a first flow tube
path 601 and a second flow tube path 602. This solves the problem of having a large
volume that forms a pool prior to the divider 604. If material is allowed to pool, eddies
in the flow of material can drop the pressure of material flowing through flow tube
103A and 103B. After material enters first flow tube path 601 or second flow tube

30 path 602. flow tube paths 601 and 602 bend to create a flow path through manifold
500 to or rrom flow tubes 103A and 103B. (SEc FIG. 1)
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5() outside explosion proof housing 200 while maintaining the seal of explosion proof

housing 200. (SEE FIG. 3) Two Examples of feedthough 700 are feedthroughs 308
and 309 illustrated in FIG. 3. One type of feedthrough is simply to pot solid
conductors into an opening in a wall of explosion proof housing. However, the potting
of conductors into the housing is not desirable because any error in the potting
10 processrequires the entire housing to be discarded. The use of a feedthrough allows
the conductors to be the only path through which a flame or hot volatile material can
escape from housing 200. Any other gaps between the feedthrough and the walls of
the housing provide a flame path of sufficient length to cool the flame or hot gas to
prevent ignition of the outside environment. While the following feedthough 700 is
given as an example, one skilled in the art will recognize any opening that has

15
conductors providing a sufficient flame path can be designed for use in explosion

proof housing 200.
In a preferred exemplary embodiment, feedthrough 700 is a cylindrical metallic
member that fits into an opening, such as opening 306 or 307 in the casting plates
20 303 and 304 of explosion proof housing 200. Feed through 700 is a cylindrical
member having a first end and a second end. A first end of feedthrough 700 has a
cylindrical member 701 which protrudes outward from the circumference of the first

end. A second end of feedthrough 700 is a cylindrical boss 702 which extends

outward from the center or F member 701. Cylindrical boss 702 is fitted into an

25 opening with minimal spacing between the sides of the opening and the outer
circumference of cylindrical boss 702. When feedthrough 700 is inserted into an
opening, boss 702 extends through the opening and member 701 is affixed to the wall
surrounding the opening. Member 701 is then welded or in some other way affixed
to the wall adjacent to the opening.

FIG. 8 illustrates a cross sectional view of feedthrough 700. The cross

30
The first end of

sectional view reveals the components of feedthrough 700.
feedthough 700 has a recessed cavity 801 that extends at least substantially through

12
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housing 200. Member 701 is welded or in some other manner affixed to wall 811.

Boss 702 then extends through the opening. Each lead inside the housing is then

affixed to a conductor 803 in a feedthrough 700 on a first side of a conductor 803. A

corresponding lead is then connected to a second side of each conductor 803 and is
15  also connected to meter electronics 20.

A drive system for a Coriolis Flowmeter- FIG. 9, 11, and 12.

FIG. 9 illustrates a drive system 104 for a preferred embodiment of Coriolis

flowmeter 5. In a preferred exemplary embodiment, driver 104 is a coil and magnet
assembly. One skilled in the art will note that other types of drive systems may be
20  used in conjunction with the explosion proof housing 200 of the present invention.
Driver 104 has a magnet assembly 910 and a coil assembly 920. Brackets 911
extend outward in opposing directions from magnet assembly 910 and coil assembly
920. Brackets 911 are wings which extend outward from the flat base and have a
substantially curved edge on a bottom side that is formed to receive a flow tube 103A
25 or 103B. The curved edge 990 of brackets 911 are then welded or in some other
manner affixed to flow tubes 103A and 103B to attach driver 104 to Coriolis flowmeter
5.
Magnet assembly 910 has a magnet keeper 902 as a base. Brackets 911
extend from a first side of magnet keeper 902. Walls 913 and 914 extend outward
30 from outer edges of a second side of magnet keeper 902. Walls 913 and 914 control

the direction of the magnetic fields of magnet 903 perpendicular to the windings of coil

904.
13
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FIG. 11 illustrates a cross section of a conventional coil bobbin 1105 which may

15 be used as coil bobbin 905 (SEE FIG. 9.). Conventional coil bobbin 1005 is machined .
from a solid bar of a material such as aluminum. FIG. 12 illustrates an alternative coil
bobbin 1205 that may be used as coil bobbin 905 (SEE FIG. 9). Alternative coil
bobbin 1205 is die cast which allows it to be hollow. This allows coil bobbin 1205 to
have significantly less mass then conventional coil bobbin 1105.

20 The above is a description of a Coriolis flowmeter having an explosion proof
housing. It is envisioned that those skilled the art can and will design aiternative
explosion proof housings for Coriolis flowmeters that infringe on the explosion proof
housing as set forth in the claims below either literally or through the Doctrine of

Equivalents.
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an inlet end of said at least one flow tube (103A-103B) wherein said inlet manifold
(102) directs a flow of material into said at least one flow tube (103A-103B), an
10  outlet manifold (102') affixed to an outlet end of said at least one flow tube (103A-
103B) to direct said flow of material from sald at least one flow tube (103A-103B)
into a connected pipeline; said flowmeter characterized by:
an explosion proof housing (200) enclosing said at least one flow tube
(103A-103B), sald driver system (104), and said sensors (105-105') wherein said
15  explosion proof housing (200) is adapted to contain an explosion of volatile
material ignited inside said explosion proof housing and prevent sparks and high
temperatures inside said explosion proof housing from igniting volatile material
outside of said housing and wherein said explosion proof housing (200) includes:
a first end affixed to said inlet manifold;
20 a second end affixed to said outlet manifold to enclose said at least one flow
tube; and
a substantially u-shaped bend (203) between said first end and said second
end of said explosion proof housing (200) wherein said substantially u-shaped
bend is defined as an arch between said first end and said second end of said
25  explosion proof housing to distribute stress applied to said explosion proof housing

(200) over said arch.

2. The Coriolis flowmeter (8) of claim 1 further comprising:
a first conductor (110) having a first end connected to said drive system
(104) inside said explasion proof housing (200) and having a second end
connected to meter electronics (20) outside said explosion proof hausing (200);
5 at least one opening (307) in said explosion proof housing (200) through
which said first conductor (110) passes from inside said explasion proof housing
(200) to outside said explosion proof housing (200) wherein said at least one
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said explosion proof housing to outside said explosion proof housing through said

at least one opening.

4. The Coriolls flowmeter (5) of claim 1 further comprising a first flow tube
(103A) and a second flow tube (103B), and wherein said inlet manifold (102)
comprises:
an inlet opening (600) for receiving a flow of material from a pipeline;
§ a first autlet (601) that provides a first flow from said inlet opening to said

first flow tube;
a second outlet (602) that provides a second flow from said inlet opening to

said secand flow tube; and
a divider (604) proximate said inlet opening (600) which divides said flow
10  from said inlet opening into said first flow and said second flow, wherein said
divider (604) is proximate said inlet opening to minimize the volume In a flow path
into said inlet manifold from said inlet opening to reduce eddies in said flow.

5. The Coriolis flowmeter (5) of claim 4 wherein said explosion proof
housing (200) is divided into a first half section (301) and a second half section
(302) divided along a longitudinal axis between said first end and said second end
of said explasion proof housing (200) wherein said first half section and said

5  second half section are affixed to one another and to said inlet manifold and said
outlet manifold at assembly time to enclose said at least one flow tube.

6. The Coriolis flowmeter (5) of claim 4 wherein said inlet manifold

comprises:
a first casting plate (303) of said inlet manifold that has a first surface (305);
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said first end of said explosion proof housing (200) is affixed to said first

surface of said first casting plate.

7. The Corialis flowmeter (5) of claim 4 wherein said outlet manifold (102"
comprises:
a second casting plate (304) of said outlet manifold that has a first surface;
at least one manifold inlet opening (307) in said first surface of said second
§ casting plate that connects said outlet manifold to said at least one flow tube; and
said secand end of said explosion proof housing is affixed to said first
surface of said second casting plate to enclose said at least one flow tube.



