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A system enclosing a Coriolis flowmeter in
a explosion proof housing. The explosion proof
housing is structured in a way that the housing
can withstand an explosion of volatile material
inside the housing. The explosion proof housing
prevents sparks and heat inside the housing from
ipniting valatile material outside the housing. Any
gaps of openings in the explosion proof housing
provide a flame path of sufficient length to cool a
flame or hot material escaping from the housing.
The use of the secondary housing as an explosion
proof compartment allows the use of a driver
having greater power as well as conventional leads
inside the housing.




This invention relates to a Coriolis floweter. Mre particularly, this

I nvention relates to an intrinsically safe Coriolis fl ovmet.fa{A%@SkEboémre
particularly, 5 the present invention relates to using a secon

contai nment housing to create a Coriolis flowreter that neets intrinsic
safety requi rRTEOROLIE FRICAWVMETERHAVING AN EXFL GSIONI PROTF SRBURRSS
flowreters to neasure nmass flow and other information of materials flow ng
through a pipeline as disclosed ifield & thedpEaetieop No. 4, 491, 025 issued to

J.E. Smth, anuar R mth of
February 11, 19@5‘6’ '@I‘?@i*@”fr ?%%%CHIO%%&@‘QS rpggpe I’gmuﬁﬂé@ 'Bf a curved
confi gur aﬁnmuoﬁa@mtéé W s hRrisoBEIHTBIG RIS moa«nqarer%fnﬁn@é%afrﬂ.&nw er has
a set of natural vibration nodes, which may be a sinpl e bendi ng,

t or si @nal the adisant m\cﬁﬂtmumliadsttqpemg@emdnldew culbtearrurs'edr hoesing oo aszdtelaat e
resonapce. i.n ,on ese 15 n The natural vibration nodes

of t he vi gloélﬂ“ﬁé}ow%?t&rl“&?t rf‘?PIse'H?rWéct%n@ rﬁ%‘r%‘ﬁmﬁad in part by the

conbi ned nass of the flow tubes and tpe,pRkerial within the flow tubes.

Material flows into the flowreter froma connected pipeline on the inlet

si de of the fl thiskhewn Chese€bevlimbffest mam\ﬁcdmmed:eredotmeaugﬁ mhes fibavardibe

or flow tubes. and exits the flowmeter to a peline connected on the outl et

side. 20 %W.wf@fmab%mIOé@%terﬁﬁ@r%ﬂmaaéIIrwah@éﬂf%“%@sﬂ'ww%@ Uhd atepte
t hg.f I I
ousTE, TRl b S30RBABTLE Shitn, WhAnol PSR 3, NSTHAE kA 3 o8 .

i dent i cal Splithsef FéISru@rj?rHIHer‘I%E bEgemﬂbwﬁeltthdw onghortiherd fiow thbbe of a
Coriolis accel erations cause each point along the flow tube to have a

di ffer entCLHHBGéOI/If guratiospeeach Bowtiues coMigwaiion iaryConelis IWSthm@meiﬁféwqﬂnase
on 25 the t t he ph

the outl e;i' lsgl g‘le éfst v%rakgﬁ&'ﬁ#@%%r %@’nb%??ead}:a %H QB”MWEI gﬁ'[a]

poi nts orbrtmmé@wwbﬁatcﬁ Rweuseis divenseicdallate anpsorRReanaiiabf Hesef the
notion of the flow tube at the two points. A phase difference of the two .

si gnt¥ s rrai@rwéepd&s@mThﬁ@ag@r@éumaﬁm @@ﬂ@apétwlbratm tRategpl fillagesystemsphase

dlfferenc sen I to th .30 SS
flow raté SEI%F‘A'%E %’gﬁlbé/ ?H%Sgaﬁfﬂeﬁ]é’o‘“ff ?ﬂ)d;% (RIS Wda@stp'al t is
a probl erﬂdv@ttﬁfe%atlﬁaﬁfha@)ﬂ%@?@hw‘ 118 AOWmSsr fRIrh & édmw&é@blgé%etbﬁﬁméﬁ.nﬁé}
explosive environnment. In particular, it is a problemto creating a

expl osi orﬁltﬁﬂ’ obthe flosmelarsThe owatetalis then diraetgd t ahl the ffd\nowmtcerrﬂ.ouﬁubes

purposes and ex:Fs e Eﬁsompr%etlelr té%ggr?)tehnzeoggnnected on the outlet side.
20 A dnver applies a vibrational force to the flow tube. The force causes the flow

tube to oscillate. When there is no material flowing through the flowmeter, all points
along a flow tube oscillate with an identical phase. As a material begins to flow
through the flow tube, Coriolis accelerations cause each point along the flow tube to
have a different phase with respect to other points along the flow tube. The phase on
25  the inlet side of the flow tube lags the driver, while the phase on the outlet side ieads
the driver. Sensors are piaced at two different points on the flow tube to produce
sinusoidal signals representative of the motion of the flow tube at the two points. A
phase difference of the two signals received from the sensors is caiculated in units
of time. The prase difference between the two sensor signals is proportional to the

30  mass flow rate of the material flowing through the flow tube or flow tubes.
It is a problem to create an explosion proof Coriolis flowmeter for use in an
explosive environment. in particular, it is a problem to creating an explosion proef

Coriclis flowmeter for large Coriolis flowmeter. For purposes of the present



5010/ 066PC di scussion, large Coriolis flowreters have fl ow tubes of greater
that a one inch dianeter and operate at a resonant frequengya@jusgp&sd er

t han one hundred hertz. Al so for purposes of the present discussion, an
expl P3IWREBMAC ronnent is a system that includes a volatile material which -.
can be ignited if a spark or excessive heat is 5 introduced into the

envi ronnent, Furthernore, an expl osion proof device, such as a Coriolis

f | owedigryssicn, dar/ Cotolib dibwinetdeshgretiotvdubes of gradier thatsperskirh excessi ve

heat from the device does not |8tn%te the volatile material in the

envi r HRIBRIET aNF sPerate @b ageseradt ieraesiivad BRI IBEN B8R wndrsddieris a

Cori ol y %&: | ' ?\&q?@ ' j.zation,
and flﬂéﬁ%fg% 00 cgﬁ%grhhn%ﬁgﬂégggﬁ%dgggisdggkﬂ%a k’l 0 thhgﬁﬁv\?g%sgé%gé{seagncl oses
a devilea includes\ew|atiteermatéralivich candrd gnitbd oha epatiact excedsive deaf ise wher e
heat ed ,surf aces, of the device o arks fromcircuitry. in the device my

cBise PG Fish s SRS TRERH | B RS e o 8N e O PERY AP URAR ng
descriglgariains MEwvakid? 98 Uelica ol pflabsigeaes eHeURY iHl1e dfarklyher At ebau GrbH
& Co. It a material ignites inside an éenclosure, any gaps or openings in

t he eex¢essiveheatiropr e drvice tpaawopigritedhevolatiiBirsatenial fretigt h to cool the
mat erial. as thﬁ mat eri al escapes fromthe encl osure. The cooling of the hot
naterf’%‘f'r?ﬂ@sg ts the hot material fromigniting the volatile materi al

out si de t hgy oI teFEFiIda2éh AxpleerRinthdef bkvied, sSch asPEerialif ashvifeter,
intrinsically safe. An intrinsically safe device is a device in which all
1Be cmethpds nduding ergaprelatiopepefssyrigarn. andiamapreoficontainmeany mawel . . By

opeT abe g:%gH.“‘E‘éq(H”‘oﬁ%t '&eeﬂl%p%déa%({l&seé iR &iodegrgﬁgﬁ%éfe@cgﬁtil{é?t £o

genera spark or sufficien 0 cause an exp t he.

devi cratdriallfeom rostantingetheadeviddehpravh ealsavelfaresdsfithe davidecoBsgisnkisC e
intrinsically safe 25 are determ ned l“gé r%gul atory agencies such as UL in
t he URPHddrastitsy a3 therdRee ey Cidten AR, 18Risan of thg rial sHCTEsdnen Japan.

Howey, ; ; | f [ ' : i .2 large
Cor' o PLoF BB REYEhowS g adserBeliin TE 28 421 974 9 o 18 368et o 00, o o
tHhat Melgetdtebsudamnbil 88@ s shatenalignitesSnsideaar enchisurs, A0g&B8Sor ssued to

O R B ob it b5 REH e oS BRABR ehBe B Lot
conpaheniratsmalnistheonatdrial idseaptsfem tHwénclosure. The cooling of the hot

material prevents the hot material from igniting the volatile material cutside the

enclosure.

20 A second solution is to make a device intrinsically safe. An intrinsically safe
device is a device in which all the circuitry in the device operates under g certain
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 reguiatory 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 Corioiis flowmeter make it very
difficult to 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 f!bwmeters have been made explosion proofis to
enclose the electronic drive sysiem components mounted on the flow tubes that

operate above the intrinsically safe power levels. A conventional drive system has
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.spark or heat fromthe cojl. a n . the sleev
¥ 18

operate above the intrinsically safe power |evels. A conventional drive

system has 2 AMENDED SHEET 11 August 2003 5010/ 036PC a c0|I ARG Rt FBEHEL

whi ch are nmounted on fl ow t ubes opposi ng one anot her. 1ter atlng

curg&S ) then applied to the coil which causes the nagnet and coil to
Hjééﬁggltlon to one another. The current applied to the coil is above

the power levels required for the drive systemto be intrinsically saf e.

Therefore, it is 5 possible that @QMNBEGéSHEET - -11. ust 2003 the
cur r erd CehRodghmagaet ihichhae® @ﬁ’é’ﬁ&ﬁi £o RPROSING 5’68&&" e"su’f‘ﬁ’l ci ent
heat t I

or oot 2herfhg ButtEhElhen BHeiled tha cBll siich CalREF 1 Mafef arBkqiL @ °%' ©°

Sur r oupgNéth bpgositibh t&bnvl airﬁ:ta@ﬂ e mrmwarpp@md t5 tRsRoidE @boverthbed by a

i s_designed to have a
f | ane RPNEH lgveisupaAbEed fer ﬂh@rﬁj‘ﬂ P %W“ﬁ%ﬁ’%@’?ﬁ?aﬁ%ﬂ‘%" forgnit ied i nsi de
t he %QggﬁﬁgqﬁhtThls prevents any material ignited inside the enclosure from
igniting mmaterial outside the enclosure. In order for the sleeve and coi
to be able to withstand the pressure created by 10 an expl osion, both the
sl eeve and the coil must be made of netal. This is a problem because netals
cause eddy currents when the magnetic field is subjected to the netal. The
eddy currents are caused by the alternating of the magnetic fields through
t he conductive nediumof the netallic sleeve and coil bobbin. These eddy
current cause a reduction in the available power to drive the flow tubes.
The power | osses 15 due to the eddy currents maybe so great that it is
i npossible to create a driver that has sufficient power to drive flow tubes
of a certain mass, stiffness, or frequency. Furthernore, the cost of the
conponents for the driver increases as nore expensive netal conponents are
used. Additionally, the conductors that connect the driver and sensors to
t he

21
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20 flowreter electronics nust also be insulated to prevent a spark froma
conductor due to a break in the conductor from causing an g£xpLaste§od n

order for a flowneter to be explosion proof. One manner of i'nsulating the
conductors is to place a conduit of potted material an to the fl ow tubes.
The conductors are enclosed inside the potted conduit. However IS, potted
condui th@nutreet fHrough tihe soit AAs BRLEN KONETJO SIEHE ?93%‘5%?@@?81}%‘ P%th%e

fl ownet er. Fulrt.Perm)re, the potted conduit is expensive and tine consum ng
to manignh& ¥e'8tierBR®T 3 above reasons, there is a need in the Coriolis
flowneter anf 95 & bakbehe dIROBST ekplostircprdod, ansleeve icqr aoed SraunsWiRet er

that can operate in an explosive environnent V\/[]I he.oep])_er%tclbqr}g at ogﬁr

| evel s cahoVEhe sledvesiscan lepcloatiee PumPuadingothSofQit PHMIFETRBYHIY €°8 her
problens are solved and an advyance in.the .arf i d/aEisieQMneon of a
sebond&rplasiril NHRERY %éﬂ%ﬁkrﬁ\f‘%fggw (gcl”ﬁs)&w gﬁg@gg}e gbeénsor °3 1? August
2003 that I LigA: 1BRAE tcamiainyanatehiss eestriddgyitacb msalentment
housi n@o ng%@i@%ﬁﬁ%ﬁ?%@ﬁ%%ﬁes f the floweter as well as the driver,
SeNnsor gncRidre CTREBtOantalhyxmdteartal tigsitéd dasidabée. epclosssndEry ERNEsi on
proof housing is a secondary containment housing that is nade of a nmateri al
t hat i snatbrial pytsida Mer MO 5 pressure generated by an expl osi on caused by

an 1oni {1 on RS Bl el R Aol RSbERI AkRsiahame prosaaparexiedbgn ngs

in an explo ousing provide a pat h having sufficient |ength
t 9oC00kL A6 4iBRESOANth BeRIce amelthe icall mbsttbevmpdesyiapetal.f ridlis i@ PIRAATNg. The

use of a secondary contai nment housing as an expl osi .pr.oqf. re,
a1 | ove bikaus eroats oBUSA Y FLEBN TR oM e TR e EIaP e Thus.

10 drivers be .made of |es AFIRY i N pPRsak@uah hi gher
ener gy m@@bg%eﬁgdwvﬁa@ %Péu%@]\?@f eﬁ%@%ﬁ%t@*ﬁ?gﬂg?ﬁgv&t ubes. "9
Fur t hepDEBnd LR« RGN G She hitaalle sldevdhandicog bebbin.dFhese audyecyreeBe

encl os a potted conduit on the flow, tubeﬁ whi gh i nproves th{i Zgr o

st abi | chysefa tductibpimtheavaiebisopowen ta AHke 1 QM HBESnd 1 BOREL LTS

resulting froman expl osion, the desi § s TR SEs9 r i Pasatbeen

i f | dyerte the % FETHERSIHG e P Qje[éﬁgﬁgﬁ% 3 ﬂ?zp pr esggraedfeg?gr?}gfpl osi on.

The hoysiong,disichPLBRM: 8 FUEIRIFILER &1 awertshemats, atiffhoaspoefuaunney. a
Sz%ar rrentp. i

seal ed e housing has an inlet base plate £r oxi mate_an _inlet
side Furhermore, the cost of the components for the driver increases as more expénsive

metal components are used.
Additionally, the conductors that connect the driver and sensors to the
20 flowmeter electronics must also be insulated to prevent a spark from a conductor due
to a break in the conductor from causing an explosion in order for a flowmeter to be
explosion proof. One manner of insuiafing the conductors is to ptace 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.

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

30 Solution
Tne apove and other problems are soived and an advance in the art is made

by the provision of a secondary containment housing for a Coriolis flowmeter sensor

3



of the flow tubes and an base plate proximate an outlet end of the flow

tubes. The inlet and outlet base plates are platforns whichy ﬁﬁﬁuét@bﬁ?d to

allow the £l ow tubes to 20 extend through the plates and formthe end walls

t hat enciose the opposing ends of the flow tubes. In a preferred

enbodi ment, the inlet and outl et base plates are part of the inlet and

out | et ni f.ol qs of the fl.owreter tween the first end Baé t he ?\econd end
Wacak

of the hBIRiRg?SP ndN v&fRIesigR pPiReT ‘I“%ﬁgi%ed féafrﬁegoﬂdé%pé’dm [GeHEFPHYAY an

arch. Then@psds itRet NGwRIHesObf itHE hOWRidiBr =25 wiliBlsl I efiveResPRgI$UBRIOf an
expl osi on over the entire arch and reduces the nunber of weak poi nt's, such

as joint sondumtmrlseaﬁwmmhcngtl'tehﬁowatmbeﬁus(felsecbm@artyoﬁbmi@akagercfdfmnustdgels a

Peaot  onssHRAPHR G B P QUG Bitias SRS gareﬁ%aaﬁqtq%zﬂwa%ﬁﬁa@e‘m
conngct ;%r@@sﬁ"e &Fe@%}ﬁ?%%?plb&%hd@addﬁ bégnhQHmbn%fwm Reof .r%;&éom cs

out si de e’ opening must provid | ame pain o suf I Cl ent

| engt h ttoedmuszr@]yAngtga&so:Odeémage mhmee;sloam\sp:tdmfdmgxlsmgﬁ@rowdemﬂme n an
explosion. One solution is to pot the conductors into the side of the 4 11

August 20h @vmgwfﬁgr%lerr@ihé@ canéafwaﬂ%n%saphhﬁat%@aé%mﬂﬁe@tdngma%%g
thfoughﬁ}ﬁtﬁ@#&&gg TEQHQE%% s%%oﬂ@ér}%@nt% Eﬁmcf @@E\eaﬁz'&g Hb%' of

f eedt hr IS use preferre € pres en ion,

the f eeoktrmcmg@ alowss ﬂmérfbmovamﬂawmsms@rmahdtmr:omrthwdrisrats@@trénarrhus
expl osi on. Conductors are potted into an 5 opening through the feedthrough.

Thel®ot tEyermameyits made eh Saﬁxp@mn&mﬁﬁﬂ%nnde@émnegatterﬁtmjwrten@rgy

f eedt hr reduces the fl n f conductor that
basses (hiHs GhorekEs BBl hpBebiC B latdob b fneSt Tl E% g SBRAERR g
in the heusé mee ABAsing ABHIRANE! havaRo Qié“éﬁci‘é@%daﬁfd ¥6ted RoRHEE Bnithe ABwW
openi ng through the housing. 10 An aspect of this invention is a Coriolis

f | ownet dubdmwhich imprbeas thererd stehility obéha flavmatesadrsemtial |y u- shaped a

d temaffixed t f tube to vib d a
east one. 1| BWPTdRo haRd P eSS om 8B bhhsien ofi Heie o

e EEEAPROR DA St hod 8t lo S PG ETRRISII DS elRUE
t ransmi bf an explosion. The housing is formed to enclose the flow tubes of a flowmeter within
a sealed compartment. The housing has an inlet base piate proximate an inlet side
of the flow tubes and an base plate proximate an outlet end of the fiow tubes. The
intet and outlet base plates are platforms which are formed to allow 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 intet and outiet manifolds of the flowmeter.
Between the first end and the second end of the housing, the walls 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 exploéion proof housing must also have at least one opening to allow the
conducteors 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 {o pot the conductors into the side of the

4



15 information about said oscillations to neter electronics, an inlet

mani fold affixed to an inlet end of said at |east one flomﬁTﬂgsmﬁhgggin
said inlet manifold directs a now of material into said at | eaSt one fl ow
tube, an outlet manifold affixed to arnr outlet end of said at | east one fl ow
tube to direct said flow of material fromsaid at | east one flow tube into
a connected pipeline; said flowmeter characterized by: 20 an expl osi on proof
housi ng encl osing said at | east one flow tube, said driver system and said

senlsor_s me@f@aé%wmmmia Rithad tﬂémpsh@gctbss pdaﬁhgftht@gmmﬁti@?mri]ﬂ@. _

expl osi on of vol ati material ignited inside said explosion pro ousi ng
and prevgﬂtorgﬁé?‘kﬁora W’ﬁiﬂqt@rﬁﬁéf‘%mﬁ@%“ﬁ'ﬁ%d@jze%‘gmfpléﬁfb‘lsdéﬁ%ﬁmp‘%@of housi ng
fromignidg, | enj | ' | : | aid
expl o5t P02 eEmBR, i the B Sertin ot Ing RN Al Ber S

mani f ol dmads ef aratedalthat tanedtisasdiad expldsonmildridictbrsaremdtteskeinkaid at

| east_ one flow  tube; ang a, substanij all -shaped bend . between said first
ond Bnd OREAMELISHRTA Ee TesrtBroudt-o Ths polie AT EL PrevRILs 88 SHele Son o
subst ant | bk~ hﬁw ' f f ' ' d
and sai dlegtt\%:%lﬂ tén of tl'gegl déﬁrgluggiéodr?ﬁbﬁ%g? Qﬁgtj%m%ﬁtégﬁ%ﬁﬁ Fﬂaﬁﬂeﬁg%sﬁ@gs
appl i ed tongdadtdr thatl pasises thraugh theusedthrough. daiadfesdthmughthandits inte@d3 5/ 1

Cara o P88REDan Ik Mkshhe ahilde BRHEDCRomRRr By Akl I RIS %" Cccona
end conpggéting thious Be ﬁb@gh]@pni cs outside said explosion proof housing; at

| east one opening in said explosion proof housing through which said first
5 cb@duct or pApsaspect ofithiadnentioa ia akprioks bewmealer havngiaideas ana Bdwe sai d

parh”~ haVERIRE! PRl RhAre8 8 dilet FERboD A BR30 s P BEsEERa Tl T om
sai d explpsitevibrat® ehid@ushstoné oW tebesensdrsiaffiitad tndaldantdysstadre flawi ng a

first end connected to said 10 sensors inside said explosjon proof housing
and a sdebado sneasyRmssiladions of said ahleast oae dew Bhecespangivariasaid drivyeml s

from said RERIMrathg 3 4t IRIEbn8! iR fMY KRerein said sensors transmit

15  information about said oscillations to meter electronics, an inlet manifold affixed to
an inlet end of said at least one flow tube wherein said inlet manifold directs a flow
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 explesion proof housing enclosing said at least one flow tube, said driver
system, and said sensors wherein said explosion preof housing is adapted to
contain an explosicn of volatile material ignited inside said explesion proof hausing
and prevent sparks and high temperatures inside said explosion proof housing
from igniting volatile material outside of said housing and wherein said explasion

25  proof housing includes:

a first end affixed to said inlet manifold;
a second end affixed to said outiet 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 ta said explosion proof housing cver said

arch.



wherei n said second conductors pass frominside said explosion proof housing
to outside said explosion proof housing through said at |e ni ng.
Anot her aspect is that a first flow tube and a second fl ow ﬁkuﬂg%g(%\herei n
15 said inlet manifold conprises: angnlet opening for receiving a flow of
material froma pipeline; a first out(et that provides a first flaw from
said inlet opening to said first flow tube; a second outlet that provides a
second flow fromsaid inlet opening to said 20 second flow tube; and a

di vi der proxi Aetotheraagpectisthad@eimshgondiiatbr Havindes fisdiend canmefctediossaid i nl et
openi ng i,nto s§i d fi [cft fl,ow elmd said second fl OV¥,1 wherein S@L\grﬁigi vider is
pr oxi mat 87V& SYHEMhiINstCe BRI P PEORAPAE PRUTRE as AdNE @ SEqarGveht h i nt o
said inl ' InGhal A [ doisen hes in said flow
25 Anot hgém;%g%ac?é ﬂ}set{e{]g{@cgrgpgzse%ﬁfggfﬁapr (’)cgé?%'gﬁy ng @%ﬂﬂﬁvi ded into a
first half satieestomedpanserionskidaxplaston porofdiodsirg thibogh whittosgidt firgt nal

i S. bet id first d d.said d d of i d | [ f
houss ng SHIGILSTSY RassgsiTaradnsidemaid EXplosPTL AR oS g B QR Said o  on ar e
af fi xed &@|c4ien pROBAHIUSIRy WHcfeinBAd at TEdYticpletofarting Pravigus |aeﬂarﬁ@gairg| d at

assenbly tinme to _enclose Said at |east one flow 30 tube. 11 Augu 003 5/2
Anot her hajrara sugfaienitiesgihdto eaalthotwaiatile materiph esaaping fiom saidexpidsion pl at e
of said Q‘Iﬁﬁi |fold that has a first surface; at |east one manifold

out | et c#ﬁ [ %u 'said first surface of said first casting plate that
connects sai (\rgthet asmaitiiokdctid 2ahdudlors easingd firdtledd Eariictatb Saigai d

first end of said explosion proof housing is affixed to said first surface
of 10saj gepserstingigetsaid) explasion prasif heusingaad & seaaish erdcanodedtedito said f ol d
conpri ses; | : | L1 first
surf aceﬁ%tgﬁelﬁgggﬁf%ﬁg%%aﬂr%'gF’%%?}ﬁoé?ﬁﬁ%%ﬁicgr% SIEF:IS g%lg%k% gg%r%ﬁt&gﬁ%“?of sai d
second Whersintsaig)setand cohdictorspass frosaimsidesaiet exmosibnImosfthasing td | east

one flow tupe; gnd said second end of said, exp|osion proof housing is
affixedoy§9&$@gfq&p§qsmn proof hous?ng throug saig aﬂeast onepopenmg. J

Ancther aspect is that a first flow tube and a second flow tube, and wherein

15  said inlet manifold comprises:
an inlet opening for receiving a flow of material fram a pipeline;
a first outlet that provides a first flow from said inlet opening to said first flow
tube;
a second outlet that provides a second flow from said inlet opening to said

20  second flow tube; and

a divider proximate said inlet opening which divides said flow from said inlet
opening into said first flow and said second flow, wherein said divider is proximate
said inlet opening to minimize the valume in a flow path into said inlet manifold
from said inlet opening to reduce eddies in said flow.

25 Ancther aspect is that said explosion proof housing is divided into a first half
section and a second half section divided along a Jongitudinal axis between said
first end and said second end of said explosion proof housing wherein said first half
section and said second half section are affixed to one anaother to said inlet
manifold and said outlet manifold at assembly time ta enclose said at least one flow

30  tubs.



surface of said second casting plate to enclose said at | east one flow tube.

Description of the Drawi ngs The above and ot her features of k Oht
fl ownmet er having an expl osion 15 proof housing are descri b%ﬁA@Js{(tgng:?
detail ed description below and in the %ol |l owi ng drawi ngs: FIG |
illustrating a Coriolis flowmeter of { e present invention;, FIG 2
illustrating an expl osion proof housing affixed to a Coriolis flowneter.

ousl ng ] .
FIG 3 illustrANPHiErasnechisoliied seidkin/eifmanifeldicemrrisasownet er encl osed in an

20 explosion p %&lﬁ LG A At | r LQnal view of a
Coriolis fl owrré?i((gér‘t ou?ggg?t{%%aéig%gﬁmﬁ%drg%fm%ués)ﬁ%é%ﬁﬁé&&s il lustrating
an exenpl ary eatledstent mdnifldwntitbbdefioy in seud fist isarfate olseicefrshagsig an

1 ow pat rPIBlS a8 OTRECS ATt PaRlAId B thiait KPR B B an: Fla 7

1193 1110 OB oS0035 pRSordmmt Y e 0csprYcE A a?

proof housi ng; ustratrng a €cross s Vi ew o
f eedt hougaichfitstgasting pteteB;, FIG 9. illustrating a driver of a Coriolis

fl owmeter; FI illustrating a,sectjon of fhe hausing having a rib; FIG
11 il lustrat e%a"citgﬁégs%%cctt'? &}?ﬁf\ﬁaé%%ﬁeg”@&#?@ﬁ?faﬁaﬁe%o@ | bobbin; and FIG
12 il ustrat e gas&dARPcARFg ﬂﬁté’bf%f@foﬂ!@zt%érﬁfﬁlﬁé&%éﬁ% hird@Ripfalte: 11 August
2003 Detailed Description Coriolis Flowreter in General -FIG 1 FIG 1

il lustr ?t es aatlgasine maniﬁnld}ialet@peom ﬁgswai@ fisstryusfacetafsaid seadny 10 ?nd .
' i i 1
o105 BEGRNBETs B AP EERRE g Radfye T SRRrE o88 Ak FEhGhpRoaat™

totalized masgaid s¥eoridesebAbHideexOsloRPISEf hadHnaW aFiReE\6'saRpfifst26. |t
shoul d be apparent to those skilled in'the art that the present invention

can be us¥Resobsgidispsendicasiingqiate tofersipsa saidraideastiansstiow tube. nunber of
drivers, the nunber of pick- Bfafsc?ﬁ'%isoq{ 3”1;415',3““95
The above and other features of a Coriolis flewmeter having an explosion
1§  proof housing are described in the detailed description below and in the following
drawings:
FIG. 1 illustrating a Coriolis flowmeter of the present invention;
FiG. 2 iliustrating an explosion proof housing affixed to a Coriolis flowmeter.
FIG. 3 illustrating an exploded view of a Coriolis flowmeter enclosed in an
20  explosion proof housing;
FIG. 4 illustrating a cross sectional view of a Coriolis flowmeter housed in an
explosion proof housing
FIG. § illustrating an exemplary embeodiment of a manifold for a Coriolis
flowmeter having an explosion proof housing;
25 FIG. 6 illustrating a cross sectional view of a flow path through the
exemplary manifold along line 6 in FIG. 5;
FIG.7 gllustfating one exemplary embodiment of a feedthrough for an
explesion proof housing;
FIG. 8 illustrating a cross sectional view of the exemplary feedthough along
30 lineB; |
FIG. 9. illustrating a driver of a Coriolis flowmeter,
FIG. 10 illustrating a section of the housing having a rib;
FIG. 11 illustrate a cross section view of & conventional coil bobbin; and
FIG. 12 illustrate a cross saction view of an alternative coil bobbin.



operating node of vibration. 10 Fl owmeter assenbly 10 i ncl udes a pair of
flanges 101 and 101'; manifolds 102 and 102'; driver 104, Qgtzlﬁogensors
105-105; and flow tubes 103A and 1038. Driver 104 and pi ck o sensors 105
and 105' are connected to flow tubes 103 A and 1039. Flanges 101 and 101"
are affixed to manifolds 102 and 102'. Manifolds 102 and 15 102' are

affi xed to opposite ends of spacer_106. Spacer 106 mai ntains the spacing

bet ween mani fol ds 102 and 102' to ‘BPE}V@(&' @peptiead vi brations in flow tubes

103A  and H3RyisWeRidiavreEehepsise®! y 10 is inserted into a pipeline
system (no %W’I‘I‘C%‘H‘ES‘T@_WMEH al being nmeasured, material
enters flowret erFi@seiibstyatde a Coriolighohingntees kB inprRass 8ol otd

mani fold 102 where the total anount of 20 materi (fl I#ngdl rect&& {égbg}ﬁtﬁjqr 1PI ow

t ubes 103Aaaﬁdﬂqf@3 Blectpies chhr!\d@@m efepniciodsis ToBnectaddo 1BR8 assbrhaigkl O viko
out | etgmanj ere Xi tera 0 through flange 101'.

Fl ow t%bes %A aniD E%’@%P&ngﬁ éE??—J 8}%{%%&%?&984 PieGtalZgdimasnfew,

mai nf ol d 1@2npahtord |8t oMl fiod a

mass 25 di st??butlon rmmaﬁtls nggﬁgr(?%éap%éﬁgsgl g&@gﬂﬁ)}grﬁ%ﬂ@é QF?%%?]%I ng
axes WW aﬁﬁ“éw 1wthee@pebatu thel preskmd mvmmdmbm bexteed! byusmandby dfr QBYbhe
mani f ol ds an essent Lally rgar al | el shi on. Flow tubes 103A-B are driven

by driver n'\ert. o ‘iﬂ?éséﬂfrt %ppgpgera ovfiverhdhp nureleyeet pigl-aibaensarsaies W

and Vand & %ﬁhglrﬁoa@bﬁ'@i@rét%fl rst out of bending node 30 of the
fl owret er. Drlver 104 may conprise one of many well known arrangenents, such

as a ¥agnet muﬁb&anemrbhmmblynﬁ) ihQRA sl inofdizipgek 10 16Aid 10 URLAloLS deZOW

t ube 1038. r@] @ natl n current is passed through the opposing coil
cause bot R 192 DPIFaplel $assei10Pa10S: aﬂdsﬂﬁ’\t-’atbbes dr&&ﬁeasdgﬂb’il& s

appl i ed bnawﬁg%ﬁqbr&%ﬁe@%g U o MR b o poviines e e of

description of I'S provi
a Coriolig0Bl®Bwreter and is not intended to limt the t eachi ng of the

present invention. 5 Meter electronics 20 receives the right and |eft
vel ocity si gnalfdangpesd] and 3AT areaffixerito raanifoldsi1 02 angs pB2't Mesiifplddvid2and

el ecygoni G 20, PLARUGSS JpBsHE LhbsHrepakePlos. Spacer 106 maintains the spacing
between manifoids 102 and 102’ to prevent undesired vibrations in flow tubes 103A
and 103B. When flowmeter assembly 10 s inserted into a pipeline system (not shown)
which carries the material being measured, material enters flowmeter assembly 10
through flange 101, passes through inlet manifold 102 where the total amount of
20 material is directed to enter flow tubes 103A and 1038, flows through flow tubes 103A
and 103B and back into outlet manifold 102" where it exits meter assembly 10 through
fltange 101"

Flow tubes 103A and 103B are selected and appropriately mounted to inlet
mainfold 102 and outlet manifold 102" so as to have substantially the same mass
25  distribution, moments of inertia, and elastic modules about bending axes W-W and W'-
W' respectively. The flow tubes extend outwardly from the manifolds in an essentially

parallel fashion. |
Flow tubes 103A-B are driven by driver 104 in opposite directions about their
respective bending axes W and W' and atwhat 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 mountec to flow twoe 103A and an opposing coil mountec o flow

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

6



| ead 110 which causes driver 104 to oscillate flow tubes 103A and 1038. The
present invention as described herein, can produce nultipleg ﬂﬁ'%?zéé?nal S
for nultiple drivers. Meter electronics 20 process |left and right velocity
signals to conpute nmass flow rate. 10 Path 26 provides an input and an :
out put neans that allows nmeter electronics 20 to interface with an
oper at or . tupesetopdeoitate o sditathe daive signir s arfplieet ey medtecsieorbaks2) iv8a lead
unneeded tq L{ngjer stq@g IrPe expl osi on ELC(é?of _housi ng of the present invention
and is o Pred VEF TBFeVleydSicrichipg ofisder | (5 PIEICSthmekpl @t am epatte hbihe ng-
FIG 2 155Bkfatiod bt hustrat L.osi: r.00f | ng,:200 encl asi ng fl ow
{Ubes 1038 ani 1058 SPIRLE TopeEl slRup ot it R Iy Srerihg ct e
Coriolis prapsmtirerertionhave a secondary contai nnent housing that encl oses

fl ow éubes 103A and 103B (Shown in FIG 1) to prevent material from
escap?ng i n t hM&GeRIECHRAICSOHR rasesst thedight e efio@locityogignatsdagpedmaipbur e.
20 In the t, A ti n_explosi r.oof using 200 that can

w thot and aus o aZi 1" Efhestlell P1ER! R BoR R0 Phelioniec in SRbakong
200 encl dged 1fl0owhichiesised QFited 0&Bio diciives iR 4ubed 038 ASAM ' e
FIG 3). The explosion proof housing 200 al so prevents sp?rskégiﬂl'%gm%ﬁ?

t enper at UP¥EGTERG H8aCINEE batsimatanprofucd movtinde elrivessgmads Yorl@uftiptendrigaist | ng
vol atil e ri ide the housin 00. For .25 pyrposes of the present

i scuss: eI deS ol Brddhesigh Bhd laBtiodi sidaR e BP A masshiow bete.

i gnitoed [yath ZPpIdvidss BY idR! drfcBhh 80t fn‘?@ﬂ? ! '

expl osi on, hougi ng 200 r'rﬁgﬁ be stror@ér t asntHaé}cag‘r?\q}gr’]ﬁag%a 'ggﬁa‘éﬁ%ga?@m
cont ai nmémterisagasvitlyanioparatber At @xplanasibard th@cipuissof megeneeatregidey2 ik

expl osi on of vol ﬁti I e material in housing 200 caused by a spark from an

el ect r oni-O"ESHFG AR M G'E"T’téegrt%‘?\reﬁp@é’ﬁﬁcpr'i%‘?ﬂtléo%ng REIRRPIRSES! inyeToi@mand is

i ncl ude Byhittad eonSlevityd tver 104, sensors 105-105' and |eans 110.
111- 111" (See FIG é’gtwﬁ'ﬁ Ofgaﬁﬁstﬁd@oos By providing an expl osi on proof
housi ng 200exmesivamrd6AhéBioanFicG detail in FIG 9) does not have to
inclsde an enggs re for the coil. The enclosure is typically a netal

sl ed¥e whi ch 407 tiilesiralps @ncewplesion prpbiavsing 20Reeniiosing dow heéeoil 03AThe
netal s ' : eddy . s in.the.magpetic fields, of the
ri ver why o ooy Bt €8Hol REYARSRRS oY TPk e F BB B Be e skl o
not neededecondapl asmtaimment housing that encloses flow tubes 103A and 103B (Shown

in FIG. 1) to prevent material from escaping in the event that one or both of flow tubes
103A and 103B rupture.

20 In the present invention, an explosion proof housing 200 that can withstand an
explosion of volatile material contained inside the housing 200 encloses flow tubes
103A-103B, driver 104, and sensors 105-105" (See FIG. 3). The explosion proof
housing 200 also prevents sparks and high temperature generated by components of
flowmeter assembly 10 from igniting volatile material outside the housing 200. For

25 purposes of the present discussion, volatile material is any gas, liquid or solid that can
be ignited by a spark or by appfication of heat. In order to withstand an explosion,
housing 200 must be stronger than a conventional secondary containment housing
in order to withstand the pressure generated by an explosion of volatile material in
housing 200 caused by a spark from an electronic component. Electronic components

30 inside housing 200 may include but are not fimited to driver 104, sensors 105-105' and

teags 110, 111-111' (See FiG. 3).



proof housing 200, a nore powerful driver may be used in Coriolis flowreter

5 and flow tubes capable of having greater flow rates may 9?%9§%§
Anot her advantage of having an expl osi on proof housing 200 is al a potted
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
expl osi on. The PBytAreddingoadixplason pacsfehausieg ©GQ, advivdrt 404 [SHidwemid getdil iaw

t ubes 103A F('? 1038. Tt}_ﬁaa elim ngtion of the fpotted conduit elimnates the
sero’ st abi Gy SR aYeed By St o7 155 ead. riadencipstrat bicaly
housi ng 20 t : ' ] ' L.0S] QusSi
200715 o Gn et e R R el A PO 808P Rand R RGG b L el
secondary Sleavaitypieaity hausésgdidy owdentsf irsewernhgaeparfRi®s R @B SdiMat Ghiciar e
wel ded.together at angled joints to formthe bend in the housing. Each joint
is a poi n“tedélf:eﬁvﬁ'lecfﬂo"é’@f pf eRtve: e38GRdNEIBAtals ex? Ssneineriddiin axpositre

sections [ r ; |.SL.ributes an ressur ppl i ed
o the hods oy asrnd 208, 2Prhd poudhi oriclP A ThE 4R GOl B eR 0 e
housi ng whicehtubey dagably 6f leRdhg drester floleraie e84y BegRBaLaEEd by an

expl osi on. An expl oded view of a Coriolis floweter in an expl osi on proof

h?rgs id ng- FI G 3. Anatheradyaniage fﬂ‘ 8gviag mpwp@g@:dm/ pmfdfmlsmn@zeam #na]%t ahpotte_d
500, Bl St At PObr e Rpa AT 08 RS oA AR BRa rbRRee bRl oo
f1 ow taibe id 83 stited PsBeribNwhith $H@beed %dse%ﬁb"fﬁhﬂr%flch??B;ﬁQ@entttH@ Ilé;ﬁdestst

end is a casting plate 303 that i1s affixed to manif on the
si de of f FieWGnting thanatmbephersoingidenthé saaecamising ant axelddh.t hThe igdtted

ffixed t {fold _102'. Th 11 ' h t owill [ t hat

21 though. SRETZh CaRaRRCa ePaaPtlY BORIRR) d JvpHaas ABGS: AP | 93eadNebed.
th | i t t .
For examp o R B e R AR A @Yl SaBTR Bl Byl HRES
expl osi oncpndwif. housi ng 200 may or may not be affixed to 8 11 August 2003 9

the i gl et and 8ut l et manifolds 102-102'. In a preferred enbodi ment, casting
pl at d° 303 andUPEsTRRGEDIRMNTIE Molsing 200 maher skenathanes) ts withsfanddano2 .

However, explosion inside housing 200 is to use an arch 203 in the curvature of housing 200.
A typical secondary containment housing is made of several separate pieces which
are welded together at angled joints to form the bend in the housing. Each jointis a
point at which sufficient pressure from an explosion could tear the sections of the
20 housing apart. Arch 203 distributes any pressure applied to the housing across the
surface of the arch and reduces the joints in the housing which may be torn apart from

the pressure generated by an explosion.

An exploded view of a Coriolis flowmeter in an explosion proof housing-FI1G.3.

FIG. 3 illustrates an exploded view of an exemplary embodiment of a Coriolis

25 flowmeter 5 inside an explosion proof housing 200. Explosion proof housing has a first
end and a second end which enclose flow tube 103A and 103B. In the preferred
exemplary embpdiment. the first end is a casting piate 303 that is affixed to manifold

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 explosicn proof housing is described, there are various methods
thatcan be employed to enciose the flow tubes. For example, one skilled in the art witl

recognize that the base of explosion proof housing 200 may or may not be affixed to

8



one skilled in the art will notice that casting plates 303 and 304 nmay al so
be affixed to manifolds 102 and 102° by welds or other netijpgaggust2bgsisi ng
200 also has a first half section 301 and a second hal f sectlon 302 which
are the first and second sides of houglng 200. First half section 301 and
second half section 302 are section of walls curved between a first edge 390
and a second edge 391 to farn1a cylindrical enclosure when the two hal f

21 50 bent M ATLO e LTBSIARS: K504 - A Ter RRer a0 el SRGinsoRatig & °
second endo3hd O i Hatd S04 BPOUasPhs bbb HBRToIE I 2k 1@@8 HEWSyed 0

illustratés a po an outer circuntference section of "having
a rib 1016ne Bkhiedin 1he artewiimntizesibat oastinge plate 808 @nidadéd otawalsaltie affixedon

301 or 302 of the housin h 101 as a support elenment in
each. 15 Wamangdelds 819;5 EM?’%&SPHQ%HJ%F%) tt shoul d be noted that a
hal f gection s et}g m[osﬁ"éé h%ﬁﬁgeﬁctfzﬁﬂamnnbwgemd ABITRRELOA 30ibS

1010 on the ou erence alf section. In order to facilitate
the j oini wglchfarblthetfrmnd secendsidesofhnusing 806 st hafsection 39dzndne

Socti on oeoataihstaRna0% are SSaticy b, MalS ST nEf el et sdde et Bl
(not s hov!@co%ﬂ%eeégh t@?’cﬂ’?n b%ﬂ!ﬂﬁﬁbﬂl@rﬁzlmr&d\'ﬁemtﬁa two hb sedtjess afe t he
first half section. As shown in FIG first half section 301 are second

hal f secuomdmra&mw sritien 30 band sap@wi halfeection 802 are18is8 band invie &y

t ff t
301 Wha Slbsfntall i see? BRoutir BB 20 20 Sheild e A4 B mafulyeet ! on
af fi xed teneRDfiflRgy Rlbase1 ®)S ande1 33BE t he tvvo sections are affixed to one

anot her. A second end of first half sectlon @g% second lgalf sec i on 302
is al so wel ded!&: 10Hllussrates@pertingyofAn puted qrgu fengg of A Be S%QPQB encl ose

Lot b BB 47 i, N1 1d 0 sEoRetegn d B0taiecel SRahaselon 200
3) and openiorg30X0df the lausiegt Tdhei nm 1000 maylactasassppos- alemenun aacler
o] 45" Omhesdaon SO g S e SPg B e B TRaCS el S R,
i gni ted Yol detioRBIEr 62802 hMaPha®é ahg number of ribs 1010 on the outer
circumnference of the half section.
In order to facilitate the Joining of first half section 301 and second half
section 302, ane section may have a lip 1001 (FIG. 10) aleng each edge of a first
20  haif section 301 and the other half section 302 of housing 200 may have a groove
(not shown) along each edge to receive a mated lip from the edges of the first half
section. As shown in FIG. 3, first half section 301 are second half section 302 are
mated around flow tubes 103A and 103B and welded together or affixed in some
other manner. A first end of first half section 301 and second half section 302 is
25  weided or in some other manner affixed to casting plate 303 the time the two
sections are affixad to one another. A second end of first half section 301 and
second half section 302 is also welded or in some other way affixed to casting
plate 304 to enclose flow tubes 103A-1038, drivers 104, and sensors 105-108'
inside housing 200.
30 Canductors 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 (nat 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 order to




11 August 2003 10 reduce the opening to the width of the conductors, the
conductors 110-111' are typically potted into the wall of ppughng2869. One
manner of mnimzing the opening to the conductors is the use of a
feedthrough. In the preferred enbodipent, feedthroughs 308 and 309 are
devices that fit into openings 306 and. 5 307 to prevent an expl osion from
escapi ng through openings 306 and 307 in explosion proof housing 200.
Feedt hr oughs 308 (not shown in FIG 3) and 309 allow |eads 110, 111 and 111
to pass tdtumsgiheapmaming so 306 widith Ge canduntays, thepemidigpio 0t ild 1302 are
shown in case, plates 303 and, 3Q4, one illed in the art. .will recognize

t hat the%l‘%ﬁ'é!rﬁé?ﬁe 'Pt‘?)g’é%%so é@é"smﬁjﬁéé'? 'ﬁeﬂﬁmeﬁéﬁfﬂﬁ"ﬁ‘é% €hot matter

and are ; i f [ hoyigh An exenpl ary
i St R A e e e
descri beembedimentifeedtapioghs 898 andBQ%are deviged thatfitrintor openinge dDArandghs

bt 0of - noll FyPRYGT ERAX0RTs fram esbaphi talET ePEfineadk 0054 and
103B t Plaésxdg?s@ﬁcdrééﬁﬁo@yfngm. NEed@Broudiy 808 (AO0sHY WY i iHeGR saRe 8odet ween

t he wa expl osi on proof housing 2 and the conponents of flow neter
assenbl yallosx leids tHhcld pard 4t Stoeass wgughlwenmﬁﬁggﬁﬂg I07orAibeougpl i ed to

to vol et dpb ARt Eik Sllawtin e BY HRTIG piif 208y Bhg KRR AREE | 2
that canyibe=gdifiios elat the pceneti@f Bpehilys 865 antdB0Y ineowihgi@80afoesvol atil e
material required to generate an explosion having a suffi Clﬁgatsi ressure that

coulld cAgtaatterrangkareled a3 desioneb 0t AREXRIRSIOR AFPRfMoYSIRG 200 to

F owret SRR Bogladie Ruafibl s 305! 300 uuBRYSONTIGE. 7,800 01 L2
a pref eahddiesxripdaralownbadidapbr ofaya!sa s piovidedfor fitting feedthroaghs 8d8as

either an input manifold 102 or an output manifold 102'. In a preferred
embodi naR 30t BNPPSIING-s cast as one piece during manufacture. However,

Lhose skill ef 641188 Gbbs bkhion GeAPBt Egnllfor/aitiof HouSAEPAIENEaVRY 408 f Ol d

500 coul d be cast or constructed separ a then a senﬁre I'nto one
pi ¢be. B Spacsamindcildwy tapes uammwaa;gat iseeridlaged BYbousingr0f.changeabl e
as an | Elaalty 400 provides a space between the walls of explosion proof housing 200 and
the components of flow meter assembly 10. The space prevents heat from the
companenis from be applied to the walls of housing 400 which in tum prevents the
heat from being applied to volatile material outside housing 200. The volume of
20  volatie 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 Coriolis Flowmeter having an explosion procf 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", Ina
preferred embodiment, 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 or constructed separately and then assembled inta ane piece.
30  Forsimplicity and to reduce cost, manifold 500 is interchangeable as an iniet
manifold 102 and an outlet manifold 102". However, separate manifolds may be

made for inlet manifold 102 and for cutlet manifold 102'.




mani fold 102 and an outlet manifold 102'. However, separate manifolds nmay be
made for inlet manifold 102 and for outlet manifold 102'. 13}1%‘!1§H§tt20§903

Fl ow t ube connecting nmenbers 502 and 503 are affixed to flow tube 103A and
1038 (Shown in FIG 1) via orbital welds or sone other nethod. Flow tube
connecting nenbers 502-503 either receive material fromor direct material

into fl tub 103A d 103B (Sh i n FlI . ALl th insi ifold
500 conneot 5 oW Wl EoBneGHHEE I RS SURBGITNA i 9 SCTlbPAe B0,
|l et/ ouhel AP EIRN 95 L BibbRafve bl 8PSmAG A mdibd. ER0Wbd olrdehl and
receives rna romor returns matertal to a pipeline. Manifold 500 is

af fi xed hHerfbares02803yihar spesies miteaahinentor feebianakiibl invbilow tubes 1GBhber

that is configured to nate with spacer 10,6._Althou8r1 gﬁﬁcer attgchma t
menber 58m0di §038|(Sbopar suFHg.1a- oA ritawr ARt NS EnBRBER!C PHESONERCTS BoWiHPBhe 10

packr | 168TMSGY MR L0 rat FER ey o AR EES Bl RUTRET D8 ¢ na

is affixggng® 10Mest fol dSREAN i FIG. Nreitiaetedesmatdiarrim of asturmg nidtetial t504 i s
cast with nmanifold 500 this reduces the nunber of welds to affix exBI 0si on

proof hoagipe)irz0Manifadr50f is efixddoarmpeser K16 ha spase’ #itpamentdnemgeppai e 504
mist be VRSLR BaSRISTHERT eaRiayeor BN PO e 106 ARG de
i ol T L B B T e e Salelian oA
suse@pt i Hithwill yeafgrizsitfatice 508p¢ of ceatdeard@ ! mustimatsh shee shapabf spaserdi06a f 1 ow
e L0 S, B oL e S bR 00 PRI
s00 1 3 dTonel e ¥R RIS Al R, SO¥a AR P e bl og

602. Thenid Redddes el ABMMRI afewveide tai affigiexpldsitroptdud srpEma RO 0f looGotiake
paths is provided by noving divider 604 proximte inl|let/outlet 505. i Vi der
604 is dl@smeden Sprboe rasigi of eastinanwlgie 80600 Mandeid a0 @iee reewres the

matgrial into a.first. flow tub ond flow tube path 602.
Thi sol%@b?ﬁgfﬁ’re '&ﬁ%wmﬁg%ﬁéj?‘ié%rggéb%%%%?hat forns .a pool prior to
the divider 6R4ctHdr dMEAtAGE of HamifbRVESD, i9tHeome ofdisk,asichi as tibe SDB0W e
material can drop the pressure of material flow ng through flow tube 103A

and 103BibsAteducartireamauntaf sratefialrgedadoim qasheaspiold 869. obhis ge8Hers MKy t ube
cost of manifold 500 as weil as the susceptibility of manifold 500 to cracking.

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

20 FIG. B illustrates a cross sectional view of manifold 500 aiong line 6 of FIG.5.
Flow path 600 carries material through manifold 500. Flow path 600 has a minimal
volume before flow path SOO 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 m.aterial can drop the pressure of material flowing through flow tube
103A and 1038B. 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 irom flow tubes 103A and 1038.(See FIG. 1)

i



30 path 602. flow tube paths 601 and 602 bend to create a flow path through
mani fold 500 to or fromflow tubes 103A and 1038. (SEE FI Gnéh ,}%2%% August
2003 A feedt hrough for an expl osion proof housing 200- FIGS. %\n . FIG 7
il lustrates one enbodi nent of a feedthrough 700 for explosion proof housing
200. Feedt hrough 700 is an opening that allows conductors frominside

expl osi on proof housing 200 to pass through the housing to connect with

el ectronics 5 outside explosion proof housing 200 whil e paintaining the seal
of expl dsicedtpoont fortmuskpigspapropSreusing, 2GH0- Fijg iyl es of feedt hough 700

are feedthroughs_308. and 309 i|lys | . - hr ough
is simply to%t7é&qt@te%S’ﬁ‘&u%rlpbPémﬁéﬁo&ganIfgggdﬁﬁaapn@\;%rr (L?g]%igfgdsfi onug

pr oof hﬁ%ﬁ%{ﬁ%-zdﬂ?“@\é‘é&m&bgh%d ishen opfertagdist aiswisntenddtotsofaerigside not
desi rabl e 'beCause any errof in the potting 10 process requires the entire

housi ngekpidsndirsofinolesing BIOE tagmssithep HrQHRIND 4P consect Wik BERHERKSr s to

be th | th th h_whi ch hot.. L i ol

£t o hoouisidh ssplosian, e her g s s et eida e fea b s Bre g P

e POURAIUBIAY, AR 125 b Anaul b Hlthol GRA0D bie Baptinbhons GaEe of
Ion O

|
hot gas o reve rgnit the ‘outside environment. Wile the follow ng
f eedt hoygh 709 iistrbbediin ePIGis3an Cvatyies of disedtiougdd is simpl & pohisplid

' ' h h d I, di ffici . h
(% Gt oaRassing ol U coeia ARE A B LR P
tnr. i t hat
exerpl aty SHROULTENL, DESULN AL ID% otk adciCay i b e gathr Lha

303pand ?@cf'e:sgfr%@}i@s%b%ti% ﬁ@tﬁsih?'tb?bQ@i%@deE.eé‘detdm@femmsgaa!lows
cyli ndrPca menber having a firs

end and a second end. A]@I&’ rst.end of
f eedt hr thgbo@tdraso ae tog bnhopatbahrawuahpehicha Tamesr Bebivp ).fsmétﬁf F@%from
the circunference of th irst .end. A.S kS a
cyl i ndr PEEEPHERT f”\&hf%@ A0y ol ggg;l?t%ﬁﬁ%’éﬁtﬁ%@{&%&t%@ﬁ@é?ﬂ?ﬁgg\A@g%bdér 701.
O/l i ndr b oDARS pfAad & fdrhb Ofbih B QuRict 1ORGIN 1RIcTb theniamn e hopges iy
e si 0

bet ween e opening and the outer circunference of %bi,ndri cal
boss 703rewdhe igriteeds hiheughtskE0ensranmeenrt eWhilet heaiellovgaaiferdthesh /9875

S Pounalieg #hencEmAg, cWEnbRleda the Tharll TePReheE Ry doirihat nes,

affixedgqnguctors 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.

30 FIG. 8 illustrates a cross sectional view of feedthrough 700. The cross
sectional view reveals the components of feedthrough 700. The first end of

feedthough 700 has a recessed cavity 801 that extends at least substantiaily through

12



to the wall adjacent to the opening. 30 FIG 8 illustrates a cross sectional
view of feedthrough 700. The cross sectional viewreveals g, gpgnts of
f eedt hrough 700. The first end of feedthough 700 has a recessed cavity 801
t hat extends at |east substantially through 12 11 August 2003 feedthrough
700 to a base 802 on a second end of feedthrough 700. The base 802 has
openi ng bt f i . P& eayé BP2801
through?eter(?gp'%blgﬁ?\rqg)sm?anBégésgbgo% d e@@%@bi;ﬁgg@gﬁg@gjt are not limted
to | eadgas Lenirgkl{Natnghdika) a plupalityi of coadecicas &3 extenchénn apyit 881int o

cavity 801 and may 5 also be injected into the nings_of  base .802. The

pot t i ngthiee@h ing orsoungs inaserd?. pardU ey sean nhgterore f@égmﬂ%SC’ ﬁ%*ﬁads
conduct 3] c 1o : expl osi on
from esgil@i ﬁg 'taﬁpoﬁgﬁ' Z%Sgg‘gﬁ Wé%ﬂa! 4%@%4:&3’38 C;%%Fﬁtlgzecgg?%?gﬂgaﬁﬂmoyf its
intg anzQpesd MEeRLd ihtd thieohotihgwidibasniBer. Weetmttidd matkfar 864 dillerthe he
side of the wall 811 adjacent to the opening 800 in explosion oof housing
200. Mespare between vesndigtaens BA3 stemhale hePnGUFRES S 1% qiaes A0d [0 PR Boss
702 thepn extends rough the opening..Ea | e ' | Sot hen
affi xed%PSty}Hoeg‘?th@g{ % Big¥ert, a8 ‘F’é@gﬁ%ﬁgﬁ“ 7%%5006%@?@@5 guﬁ) g, n
conduct g 4803ugiizoe0r responding |l ead is then connected to a second side of
each conduct or 80% and is 15 also connected to neter electronics 20. A
drive systenFdadtheou@oriag fits irftb ameetaing BLGIn thalfpilowing manner. ¢lember 7@kt r at es
a drive system 104 for a preferred, enbodi t of Corigglis flo te . Ina
o Eher raoRa D e SHiSRwRENG 1| RUGERTL (A e SRy SR BEIE oo 98hb! y.
One ski ' h ' : at t [ gmay be 20
used 1 i AOT e T e e e L e et

i nvent i @Hss 762 theT eleddbasrcugmieed pasenbEpch 18adurside thot hoasisgridtlyern20.

Brackets 911 extend outward in opposing directjions from magnet enply 910
and coi affixedendrondctor 8@3&@@6@@?@1@“@?%% oG %ﬁ e Qgﬁéﬁagaa'ﬂﬁgﬁa- {K om t he

flat b d . t i i i
for med RS RRERH 8 87 FEIET R rERig e SR p T Os BleAcR eoR AR Bl A Bhdls | ©
bragket gs9EdnddRed kemaret edthicdsre@onme other manner affixed to flow tubes

103A and 103B to attach driver 104 to Coriolis flowreter:
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 820, Brackets 911
extend outward in opposing directions from magnet assembly 91C and coil assembly
920. Brackets 911 are wings which extend outward from the fiat base and have a
substantially curved edge on a bottom side that is formed to receive a fiow 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 1038 to attach driver 104 to Coriolis flowmeter
3.

Magnet aésembly 910 has a magnet keeper 902 as a base. Brackets 911

extend from a first side of magnet keeper 902. Walls 913 and 214 extend outward
30  from outer edges of a second side of magnet keeper 802. Walls 913 and 914 control
the direction of the magnetic fields of magnet 903 perpendicularto the windings of coil

904.
13



5. Magnet assenbly 910 has a magnet keeper 902 as a base. Brackets 911
extend froma first side of nagnet keeper 902. Walls 913 anp1géé5§§b d
outward 30 from outer edges of a second side of magnet keeper . Wall's 913
and 914 control the direction of the nmagnetic fields of nmagnet 903
perpendi cul ar to the wi ndings of coil 904. 13 11 August 2003 Magnet 903 is
a substantially cylindrical magnet having a first and a second end. Magnet
903 is fittedNagretaOddimetsubistanially otindtiealrmagmlehawiihatirst and, a8 sgrand

t 903 f fixed '
magnet 804 Medhes a8 T 0laRun oo PR REre Qe BB L T g s R B ©
shown) affdorReobs el £8ixe0G0R0Tof8. suHMR MHFASH N @NeepENTY2 BedlYe nfaghetap
the is fitfled to the second end of nmagnet 903 to direct the magnetic fields

i nto coi P03 magnidt asseenby @102 0agrstiisstypnadllydes a pela(nsdshowsbBifined 0%,

Coi | _bobbin 905 . is fixed to racket 911. Coil, b in,905 has_ a. spool
S0t udi s Sefon St The dganatededn 8l PR 5o coPInBRel 48T HEE £780s i 6
nount ed i e j Coil 904 is connected to
| ead 11085]\/\?1}%@%‘%5%8??25%'%&éﬁgﬁﬂ#gﬁgﬁﬂﬁggﬁ@?gi | 904. The alternating
currents caus€ofiGidsedtEy i imeignet c@dF04o aatht calctobdnird 988 p Eloil bobédimB0D feer

which in turn causes flow tubes 103A and 103B to oscil]ate in fopgosi tion to
one anot#éxedtp @ brecket Bldt Fatl bobkin.Pa3 Haser sPER! RIPTUIIREHIRM A RaPUERAS

bobbin 11 e . b d MexeVE ' 5.(: :

Convent i BSUM Tl iBaltie  ERieRA s MpuR SROcoophdih S0 bpbosing

sucfp as rﬂbgﬁbngm. Fb&H 9b2 id bdnrsddted &5 sl 710 @bk apidies @itbrndtiagliurreh?2df t hat

may be used as coil bobbin 905 (SEE FI G ng Al ternative coil bobbin 1205
[

i s di e cui9Gthi The alteovating curcere chuse 60l S0 iandamaeiel S06ite abisiandreos! t o
h ignifi tly I th t] I j [ 5, oy
anove. 1 S8 AEBET TGRS celrof o8 W fek BPB Rl RI HReDel BmaRSbess
housi ng.tgldnd §n&tRersi oned that those skilled the art can and will design

alternative explosion proof housings for Coriolis flowreters that infringe
on the expl osFiéh dribestratesasirogs sactestoffaoartventionaieod babbis 1385avinieh maar

Hiterally, Oled D YPBERS SRS IdELR I8 o) FBRhYELEINA coil bobbin 1005 is machined .
from a solid bar of a material such as aluminum. FI1G. 12 illustrates an alternative colil
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 holiow. This allows coi! 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 thase skilled the art can and will design alternative
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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14 11 August 2003 15 What is clained is: 1. A Coriolis flowreter (5) havi ng
at least one flow tube (103A-1038) that is substantially Uﬁ£ 9oy driver
system (104) affixed to said at |east one flaw tube (103A-1 \%{Eto Vi brat e
said at | east one flow tube (103A- 103{% sensors (105-105") affixed to said
at | east one flaw tube (103A-1038) to neasure oscillations of said 5 at

| east on 3A-1038) responsive to said driver system (104)

vi brati n?ﬁég#de%?ﬁegésgt one now tube (103A-1036) vvherel sai d S

transmt inforiediQuriclisflommetardShHevingaatileast ans fiewdrbe| é@@ﬁoﬂ%@ tgébbs an

| et | d 02) ,aff d t ub
(T34 T08kpSianenly Aseling ) B aubaralRie PouiRaxey 5 Saft &t et Bheet, i | o
into sai ?1@3AJ1@981) t@%réﬂeoymatmeeém ﬂ@&&beeamwm&s)etsanmsf(oos-«om)z )
affixed to an outlet end of said at | east on A- 1038

i rect safﬂ:keﬁltowadd ahflmtaetoaa ot w1038 o Shestiie, e w(nfd:af 2ithap)
br 0B hofb Bast BB ApRabRII0RE- 107 aPIFHEEIE S 2y RITVEFS e SO REINE" |

dri VfGr hsyéﬂeaﬁsé%%gdne oW é@@e qi?j SBASIIB )(v&!@éFekOEH)j semsoes trassidt lnmmho3| oln
oo ousli n |saate to contain S n. t tl‘
Pgnl t ed ah@ﬁlgﬁﬂ(lgﬁﬁ)ﬂl”ém%gi greter B@Ft"ﬁﬂaﬁl @39 ébgﬁffg’gp@%@g Qiﬁ?d o' e
oTRer 2l h el P 8F saR |68 O FBWRLS Wbsusm&a fuRgrdiageld mwﬁhmfdlbe

mat eri al sai ousin erein sai | osi on proof housing
(200) i neflopgeirects 4 floatofendteata mtec‘satd)aktaazttDnEéIDwThIhe‘ﬂIQﬁA-Qma)sﬁ!tond end

ZLL%éeSu@Lti’%ﬁé‘ééfqiq(wéhgﬁﬁ dera 89 085 el 688K < Jrartiie 1OBTyOs bR a°
second ?dtge g I P el Eagg%:a&rqé@@)od@mwnmbéqnolssutmsaantlalIy

u- shaped |ne as an arc tween said first end and said second
end of siatajazﬁnagpﬂedsr,mpehrm,cmid Rowsnetgr chatdatenagsby stress applied to said

of ol i m 11 A% RERlosbRproef RgUsEG(200) <eRiaii afe I AL ToR PRI e
connect qdobR .- fREH, daidVdiversy_Bm (104), and said sensors (105-105") wherein said
15  explosion proof housing (200) is adapted to contain an expiosion of volatile
material ignited inside said explosion proof housing and prevent sparks and high
temperatures inside said explosion proof housing from igniting volatite material
outside of said housing and wherein said explesion proaf housing (200) includes:
a first end affixed to said inlet manifold; o
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 (5) 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 secand end
connected to meter electronics (20) outside said explasian 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 hausing
(200) to autside said explosion proof housing (200) wherein said at least one



(104) inside said explosion proof housing (200) and having a second end
connected to nmeter electronics (20) outside said explosion q@rQefushgas ng
(200); 5 at |east one opening (307) in said explosion proof housing (200)
through which said first conductor (;410) passes frominside said explosion
proof housing (200) to outside said explosion proof housing (200) wherein
said at | east one 11 August 2003 16 opening provides a flldi'lir;e\&p});tég m?a?t\/irig? a
sufficient | C Alhk a suEficenblengds taprRg I ingaie

expl osi oﬂpsp‘g@f%%gh%sngﬁggipéﬁggéor [ %I is floweter (5) of claim2 further
conpri si ggcapiagdrun caidiesplosicn A0ef 10¥SNGaving a first end connected to
said sensors (105-105") inside said explosion proof housing and a second
end connected to said neter electronics (201) ho transnmit signals fromsaid
sensors (105- 305t he Ooridi dlowmeteeSkofedaind i THENESEYTIIREI®i n sai d second

conductors (111-111') pass fr IASt Sal hAfefedeb sallisemeprso
out si de said é?BPBQi“BﬁQHF%? (ﬂ&.&ﬁﬁd%}ﬁ%ﬁ@éﬂ@ﬁgt | east one ggfni n&h 4.
The " L plpe by mBsaldbxplostippmot noueraar BrAsEPSF AT S AT CL BT e
conpr i segietanelastionicsies ﬁ%“@é‘%ﬁ)’t Sf'é?alggce! Vi ﬁ‘gggn_ 0\5|v1of ,rrat);tr@hgll J_‘rloc{n a

D Dokt neimgigPoleltcdiebp!whofn sulsoqraisarodon 190 11 bipFTRIFSRTE Thi et
second f kai éxpjnsigaimopﬁh@@Siaﬁéﬁi%ESia% saé‘:g?gﬁ\é%@orréﬁ ? fa\?v t'uge; d;)r?d a di vi der
(604) proxj mate |.d Jnlet opening (600) which divides said flow 10 from
said inl @F‘egﬁgﬁf‘%gdq%m’g&'sai d first flow and said second flow, wherein said
divider (604) is proximate said inlet opening to mnimze the mnn&i n a _
flow path into said, inlet ni S aiflrth BF 8 mppisimgna fitsd eddi es
P o 4. The Sl gl BRLED () of dai S ng ¢l ai %@4tmg§r;%i $ iy

expl osi oggyaqoénd haerond flo@)be £1Q58) g Whﬁrgl'hs?lfjr‘@lf Héﬁ’} X8 . 3 (301)
and a second half section (302) divided along a |ongitudinal axis between
sai d firsemMPigeaind sai d second end of said ex?l 0si gn 1‘g‘)roof housi ng (200)
wher ei n said fainriﬁ;etla@leaiﬁga@sdc;ﬁommmgaﬂow0 material from a pipelineg;

5 a first outlet (601) that provides a first flow fromn said inlet opening to said

first flow tube,
a second outlet (602)

said second flow tube; and - N .
a divider (604) preximate said inlet opening (600) which divides said flow
in said

that provides a second flow from said inlet opening to

10 from said inlet opening into said first flow and said second flow, where

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.

& The Coriclis flowmeter (5) of claim 4 wherein said explosion proaf

hausing (200} is divided into a first half sectian (301) and a second half section

(302) divided along a longitudinal axis between said first end and said s?cr:md end
of said explosion proof housing (200) wherein said first half section and said

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

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

compnses:

a first casting plate (303) of said inlet manifold that has a first surface (305);



5 second half section are affixed to one another and to said inlet manifold
and said outlet manifold at assenbly tinme to enclose said gtalgassose flow
tube. 6. The Coriolis floweter (5) of claim4 wherein said in et mani f ol d
conprises: a first casting plate (3033770f said inlet manifold that has a
first surface (305); 11 August 2003 17 at |east one manifold outlet opening
in said first surface of said first casting plate that connects said i nl et

mani fold to said at | east one flow tube; and said first e?
expl osi on pr oodt B8EEeMG MaTVIP/d pgt!g&ap&@agﬂawam.sugaceﬁjlsﬁ%@’st)f-‘a%tmgd

first.ca 0, t )m erein said
out | et’ naé[?{%hg ?’%‘Ee‘?& S-CE HQ@%H@IJ@C agéeéﬁiﬁé}%pﬁ!é;%gu%éw of said
outl et manif ol ghid fiagt émsofaséld lexplosioh pesof halsing §300)ds affivasd foodald ifidtet

openi ng (gg{) 33 %ﬁ? first surface of said second 5 casting plate that
connect s SHiage i Nipd GAEUNG Plafesai d at | east one flow tube; and said
second end of said explosion proof housing is affixed to said first surface

of said second casting plate to enclose said at | east one flow tube.
7. The Coriclis flowmeter (5) of claim 4 wherein said outlet manifoid (102"

comprises:
a secand casting plate (304) of said outlet manifoid that has a first surface;
at least one manifold inlet cpening (307) in said first surface of said second
5 casting plate that connects said outlet manifold ta said at least one flow tube; and
said second 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.



