16 Decenber 2003 CORI OLI S FLOWETER HAVI NG A CASI NG W TH A PROTECTI VE OUTER
LAYER Field of the Invention This invention relates to a casing enclosing a
Coriolis floweter. More particularly, the present inventi o Delembes2G0d a
veneer on the outside of the casing 5 that allows the casing to be used in
sanitary applications. Still nore particularly, the present invention
relates to a veneer that encl oses a casicaggpand t hat grovi des a sanitary

and/ or corGOBEILETFLEMYBTER HAYHES GG HEH TS O0Fe MY is known to use

Coriolis effect rrassflomneterlg.‘c? Fﬂgﬁas re ss flow and 10 ot her
informati on of materials flowing®R Vrfrg? line as disclosed in U.S.

Patent No. 47AR%402%idFrIS@s!e aledsin®Bhtbsirgia Sorio fidamessryMbre 1985 and
Re. 31,450 to J.E. Smith of February 11, 1982. These fl|owreters have one

or nor epattiowarlybte presgnt Biyepten mlatéssoraventer BhiequHisiee oh INEL8AINE ow t ube

configuration i r QL. : - . Mk hRrati on
m)dés, \ﬂ‘# 3ﬁ°‘ﬁ%@q%5 o'b bgbsb;%rr% e ltr)]esf'nacﬁl n§, 5‘?@"‘{%‘?2?0%@ r,'nB];'ea ?@F?%gy' tggupl ed
type. Egelehl ipvehtibe réiatalriovenetesrdsat ehalosent casgramtt ¢hati progidesef t hese
natural nodes. The natural vibration rmﬁes of the vibrating, material
filled sAitaenBnals CRBOSIILPIGR! SHHEC® P HE @58 ned mass of the flow tubes
and the material within the flow tpggemMaterial flows into the flownreter
froma connected pipeline on the inlet side of the flowreter. The nateri al
i s then dir etiskhown dagsetGariato effesghmasisdlayymelesata measumipask flew ande

flowreter to.,a pipeline_con d on th ut| at | | les a
Vi B o 1 onal mvortatLel mat T bt rih 8 tieslos BLESerd LI FafE o
osci | | ay§. 4 WEemAgessed fo DE. Brhigh i tlalf dfotsnugry hr 098mhand Bef Bousetter,E.al |
points along a flow tube oscillate with an identical phase. A@ a Haterial
begi ns $mithidremuanr bligh®84e TMesk flayyaetars Maye AeecBrE if’Y"dH ©¢8lU8e each
poi nt al o : idhv ' ,pfhﬁﬁ i iniha CRsiBRS mdse ot her
poi nts Cﬁrg%%‘b?%e tk@%%‘eq&artﬁéewpﬁggng ﬁ{tf\léle_&?nll et QtédiMde of the flow tube
| ags t Hovineteehasvinsetot hatusalageragantredesitwhich snaebe ehassimpleebendingr

Se? SO Sto?stioééll\f) raccyiglfc %rr%gtup%g Obs. ¥ chou LBy B4R RO BUGRaR! AAYSSifiRbeS Onal s
in one of these natural modes. The natural vibration modes of the vibrating, material
filled systems are defined in part by the combined mass of the flow tubes and the
material within the flow tubes. Materiai flows into the flowmeter from a connected
pipeline on the inlet side of the flowmeter. The material is then directed through the

20 flow tube or flow tubes and exits the flowmeter to a pipeline connected on the outlet
side.

A driver 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

25 - 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
the inlet side of the flow tube lags the driver, white the phase on the outlet side leads
the driver. Sensors at two different points on the flow tube produce sinusoidal signals
representative of the motion of the flow tube at the two points. A phase difference of

30 the two signals received from the sensors is calculated in units of time. The phase
difference between the two sensor signals is proportional to the mass flow rate of the
material flowing through the flow tube or flow tubes.

The flow tubes are typically enclosed in a casing. The casing prevents damage

to the flow tubes from outside forces. " The casing may also be used to contain
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representative of the notion of the flow tube at the two points. A phase
difference of 30 the two signals received fromthe sensors is calculated in
units of tine. The phase difference between the two sensor fd péahhet 3003
proportional to the nmass flowrate of the material flow ng through the

f1 ow t ubsnaerial Waer afiow tuheerupm&@ﬁ @lildBaxzleoeITRd 8§ FTRAGS RIMANtaincasi ng.
The casi Bs? r?dgetéet% te9 ctoﬂﬁeg‘[t*@é‘{hge%@g?ng%qg‘o%gfp%#g?é forces. 'The

casi ng yaso euse ontan rial when a flow
t ube rupt ures Hds@ prayleat &mtbmsmefsamnaetmmmqutre theicatsrigntot feenmdidetcance

bet ween fl anges connectin flo tub to a eI I he. S robl em
t hat cus%ﬁ@%mmwﬁggng@ ﬁ% rigly ihﬁga%@ unphR rraﬁﬁe @foaféﬁit@@ry or
corrgsi og, éﬁéﬁhéﬂ& e%%g%t: an Wnénﬁ?éﬂmnm&ﬁs RSedWia derﬁfsmraé gy S

mat er i aI IS easy ean when the flowreter is u In a system such
as an |ntg|geement deierbryveys,les’ylslt ood motewﬂg)rﬁhesasm\g mUBEbemdmoMst be

made carrosi.on resi st en the f ter |ns ed into
an envi rgresipn raisanh B ST AP e B hafury HEH RSl | ' o
convent|&g9lco¢,@hal@mgbsmhgtéﬁa{fsluqmt;gfamdt IS not a pr obl emto rrake a
10 casing Of sanitary or corrosion resistant material. Izacer bears the-

structural | loaaicenvartional duaidoep Gasiofis flowmetss, iinapt @i n:nab nolgsmakeg a

corfd gursef BEFadREY bF SorrBEHTER sl teR. 7 o & e Bhe sfURMATT o1 ¢ woe

to expanda@ i flowidtertoaedute eaeenatvibratisns &xe ansihinapebpeespadiagi on.
Thus, the casing nust have enough_space between 15 tple asi n n'd t he tube
to al | oweiwgaRdhenlaland tia plst Jhicdpor rentawatienpé. thediow ukesallPwssons,

the casiy ﬁg ﬁggoege%%h dTe ABwWREE t§ resaﬁarfsmo ofi r&%d& ihly4d 36 BLERIAL forBt er i al

_in order a sanitary surface ownet er. However, .it is a
pr obl emexpamsion andesitrartiont Tius 4 casipg m%baveamghmememt eri al

160 e Bl R b Bl LB B R bR Rl P
bear i ng ut,@ge pddstRisUihel cdshwgl afll spheef inaymsetinade from be cohied witha saditasy up and
material in order to provide a sanitary suiface for the flowmeter.
However, it is a problem toc make a casing out of sanitary or corrosion
resistanf matenial for a straight tube Coriolis flowmeter. In a straight tube

20 flowmeter, the casing and spacer are combined and provide the same function of
bearing the structural load of the flowmeter. As the flow tube heats up and
expands, the fength of the flow tube increases because the straight tube must
expand radially and axially.

The casing will be subjected to the same net axtal loading of the flow tube,

25  although the axial loading of the casing will be oppasite in sign to that of the flow
tube. However, the stress on the flow tubes will be much greater than the casing
due lo its smaller cross section. Therefore, the axial expansion of the flow tube is
a problem because the casing is affixed to the flow tube at the ends of the'ﬂow
tube and if the casing does not expand at the same rate as the tube, the flow tube

30  will be subjected to stresses that will damage the integrity of the flow tube.

Published application WO 92/14423 discloses a fliowmeter apparatus for
measuring the mass flow rate of a fluid using the Coriolis principle. A single
siraight flow conduit is employed which is vibrated in a radial-mode vibration.
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expands, the length of the flow tube increases because the straight tube
must expand radially and axially. The casing will be subjected to the sane
net axial |oading of the flow tube, 25 although the axial | ogghepantk 200
casing will be opposite in sign to that of the f]low_ tube. However, the

stress oforiefs farees atmiteredy progecad deng barwalls efdhe diew eanduiigvbighe to its

|1 i w1 Lal | h t ube i
"or obl e HEBERMEFpAlies R Es fongl Sk p8'a EBAIELARABE bRRIL "0 10 ot The
flow tupgdaiegal mbbaintsits age deehsedterepipging ratlial Wieratiomeofrsaiectag t he t ube,

the flow tube 30 will be subjected to stresses that wl] damage the
i nt egri t podions g the Bewcopduit Wﬁjﬁi ﬁj% Raditigppaireethrd s V@%@fﬂiﬁﬂ%‘?ﬁﬁr@‘@?oses a

flo te I i : i It t he
Cor 1511 cheRRES et e defisy Ui Hid BY sfigfadadi/ AbfatRb oW keRdutifd, |
vi br at edvirgnadea dif ibratiareand therebpdeta@misinDgrestite apdaiensitydisedden t he f1 ow

conduit which Coriolis forces are thereby produced al ong the deformthe
condui t sCleanies-18 83N §reUe8Rkpe as a function of mass flow rate, .

Addi ti onal e”ﬁﬂsi BRIt rﬁ%ﬁb@ité%é}@ﬁleeé&'irgybﬁa b tube bupsf e simsel ect ed
portions of the f'ow Condui t walls. In addition, a method is described to
det er m nsarbianhangcogssica residtameatenal tjowever, thaucest i9f agiam@siteousl y

or W ur dsiaien SRERF sl it I Db v, Tl s A RBRE BN L FT o iy
be to makgké BeaeRRy that aan withstdnidaheisiressiplied byyhke teermal sapansion oind

corrosion resistant material, However, the cost of a corrosion 10 resistant
mat er i aldissigilabaetals ani umis prohibitive, Therefore, there is a need to
make a casing that ran withstand the stress applied by the thernal
expansion of dissimlar metals 211 16 Decenber 2003
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whil e being cost efficient to produce. This wll allow | ess expensive
straight flowtube Coriolis flowreters to be produced. Solution The above
and ot her problens are solved and an advance in the art is mpg®ecdmby 200%
provision of a casing for a Coriolis flowreter enclosed in a veneer of
sanitary or corrosion resistant material. For purposes of this invention, a
veneer is a layer of material that encloses or is |layered onto a surface
of a cagifig Béngevsretihient@tRoiate. of his iWNealfiw fe@ﬁ%xp@h@ivd%ﬂ%ﬁjht@lbul thbs

i nvention allows a casing to carry the structural [oad of a flowreter

whi | e a Gaiietisiflonvraetept BRRIPRIUSesani t ary surface is acconplished by the 10
veneer. A first advantage of this igygfihon is that the use of a veneer of
sanitary or corrosion resistant material to enclose the casing reduces the
“anount of saniHeaatyoveranaothieo prariemesirs salvedraidean abvareededhearpisodade a
Coriolis flowreter \é\;ﬂi ch redpces thei. @ost of grodu tion. The ?rmupt of
sani® ar PY1ae &rPYFoASL Adesing 108 g feRiPlisdioyiiagier RBCIPEed A YEGEEST Ra@hve to
be made opfoaBBIchaEYisBInt FRAtEASI ForRep SN thBifFdrilon, A VeRReRd a deant age is
that the casing nmaterial may have a coefficient of thermal expansion that

i s subsmateiial that eegieses ¢rds ?Iay@\vﬁfi aple ¥ swiacea caping wrasver thamateiabaf and
contract.i on t ' : - . ' anme
ate whiteovddele SRleabrRR hyctioh BBREE gAY 1 Loty B SBletiranibaB o
casi ng ef afibwsnéter antle afundionoofgirovidingd: $anitahesdréddenigiacgomplisleed by th ovi de
t he above advantages. A casing encloses a flow tube of a Coriolis

fl dfnet ¥gNe8Mhe casing is affixed to the opposing ends of the flow tube.
The outer sulyf feeaQlakilge of isNEveéritioRNs HSEthdUsd of Weseer BISaHMARES! | S
affixed to case ends nmade of a material having substantially the 'sanme

pr oper t tesosiontrasistant awmtendlte tngloseghaicrsingagdugdy tiergmornt @ ifagpemnsi on
and contract.ion of, t L nde ' d

cont r acEPERLiBR fpleraH RpAr ke SRt U AL EBHGH i Llef wifRERRICRUANC

t he venggst dfprbaudtivie iivedamiouaf of $dritaex parsiabneadel soetueet becaose thse

casing, there may be a space defined by a gap. between an inner surface of
{ hd5veneasingH@ea HORIAVEHODE Tars obPaiialy RECTTIFoniRsIStant material. A sécond”
advantage is thatthe casing material may have a coefficient of thermal expansion that

is substantially equal the flow tube flow tube. Therefore, expansion and contraction
of the casing and flow tube occur at substantially the same rate which reduces
structural stress caused by thermal expansion.

20 The casing of this invention is constructed in the following manner to provide
the above advantages. A casing encfoses a flow tube of a Coriolis flowmeter. The
casing is affixed to the opposing ends of the flow tube. The outer surface of the
casing is enclosed by a veneer. The veneer is affixed to case ends made of a
material having substantially the same properties as the veneer material to allow

25 affixing. Further expansion and contraction of the veneer may be independent of the
expansion and contraction of the casing.

In order for the expansion and contraction of the veneer to be independent of
the expansion and contraction of the casing, there may be a space defined by a gap
between an inner surface of the veneer and an outer surface of the casing. The

30" space allows the casing to expand and contract freely inside the veneer.

Altematively or in conjunction with the gap, a veneer may have bellows around

the perimeters of opposing ends of the veneer. Bellows are bends in the surface




30" space allows the casing to expand and contract freely inside the
veneer. Alternatively or in conjunction wth the gap, a veneer may have
bel l ows around the perineters of opposing ends of the veneeng IReEhbW088 €
bends in the surface 3 16 Decenber 2003 veneer which nay bent as the
material of the veneer expands and may be pulled straight as the veneer
contracts. Tv@%eg%nil&ﬁtn’{@%br{t B 1enBRIaPErdhé henautteparslsr dralceapbe fphéedcasi ng
may be filled wth insulation. The insulation keeps the tenperature of the
fl ow t ube nosteighs agthe venfer FARIrasdEH coul d al so house heating el enents that
provi de a_heat i nlagken 8l iBe.chbaMiriduhe oudigURate pasbsihg mayite ¢ hat

|

steamor other flu ou ow through the gap to regul ate,the

t enper at ur e flediwith insulationu e ingulation s PP TEFRPTRALS B DS Gsed t o

reduce axial SLEesSal LB O hoiRE fdfing SRR WaepguRdiamiAing Jactabh  t he
asti hg

flow tubd. 1¢"PAL: above provides one or nore aspects of thi

i nventi on. Qoethedpetibe ofAnbtiies posaiaity isohal seam@s ot flyidiqo Wiy i si ng
"a flow tube havi an, .inlet ] Redir Aephatinbé codd to
said flow tutﬁsqani?r%ﬂ%%ts%%‘eg‘i%gﬁa‘?'{%ﬁ?ﬁ e@éengﬂg%fr}sors affixed tq said
flow tube topaTBESIIOGeOSE® dlidlistrons o fhesfivdtube sivettemperatuse ﬁéaé%%ﬂt%“lf?'&gbrt i es
of a material flow though said flow tube and a casing 15 substantially
affixed to sHPdOMIPRE- end and said outlet end of said flow tube and

encl osi Ry sai d f e Hduemgfdbeve paiviliasidnetor emateaspeets af Hif inMgntieAdOafd

characterized by a veneer affixed tq o0 ' : face of
sai d casi ng aweshefthisdnventipy ‘SOQJ?BP(’I?&PFP&@%E%%@%% ‘?ag?‘ﬁgJ %ﬁn(%s/%e a
sani tary surif,pgend Shc sAiditeBsidNg drisadaffisedtamsaitiove bibedbatdiratesisaiificvvice of

sai d casing and said veneer encl osj i 20 outer.
casing. Preftbaping SQ%@Wﬁ’E@rmé@b‘aﬂ’g’é&;ﬁgo ESREFRRS '"%Férgﬁaé‘fgstag W‘Ug‘ree nt
fromthe cagifga R BdpbAbr atRMEiATIhbegH sakimloncubd and heasinac! udes

bell ows in the venee at allow the veneer to, ex d. t t
i ndependént sifbstantially @ffixed tof spicingst end ang said outlet snder’ sané‘ﬁgvv GiE deRC

enclosing said flow tube from said inlet end to said outlet end and characterized by
a veneer affixed to opposing ends of an outer surface of said casing to enclose
said outer surface of said casing to provide a sanitary surface for said casing, and

a gap between said outer surface of said casing and said veneer enclosing said

20 outer surface of said casing.
Preferatly, the veneer expands and contracts ata rate different from the
casing.
Preferably, said Coriolis flowmeter further includes bellows in the veneer

that allow the veneer to expand and contract independent of an outer surface of

25  the casing.
Preferably, said Coriolis flowmeter further includes a bend in the veneer that

expands and contracts in response to the casing expanding and contracting.
Preferably, said Coriolis flowmeter further includes insulation that fills the

gap between the veneer and the outer surface of said casing.
30 Preferably, said Coriolis flowmeter further includes heating elements are

instalted in the gap to provide a heating jacket.




25 the casing. Preferably, said Coriolis flowreter further includes a bend
in the veneer that expands and contracts in response to the casing
expandi ng and contracting. Preferably, said Coriolis flownetsDedetibehzd03
includes insulation that fills the gap between the veneer and the outer
surface of said casing. 30 Preferably, said Coriolis flowreter further

i ncludes heating elenents afe .installed, ] kONG ting
jacket. 4 16 Decdipferabbods ﬂ%f%ﬁdﬁ?ﬁkfﬁ{gﬂwﬁ O%e%@géﬁgﬂé@g? sﬁtgﬁ?@ | ow

tube connect gdi L@t i@, ahbamgoriciRdlommenart fueherdoamyises afistend ofsrifol i s
flowreter further conprises a first end of said .casi j edid QuikRi d

i nl et flangesasingsaffaddosaly gkt 8ange. @é?F‘?ﬂjJ %?‘f?gsgé&?%g'@?@;%duﬁ etl_ flange, a
first end of ﬂaﬁﬁedaﬁres\?ﬁﬁé opddiis ¥eledrafs@tido bhitiditstend odbaidaiaging R594galer oxi mat e
5 said inlet ahge erein said first ?nd of said I\(/Jgnggéidcﬁ&ﬂa%g%g@l d
first end ofsaidintet flengs whereimerid st epd al et VEPeLd A"GOVénaeY "af fi'xed to said
second end of  sai | L @UE SBY Qo AfEY ke bailllseoge ewbofsiaid easing second
end of said %sﬁr@egn(g%%eggrgsgsai d second end é)f%ig{d' asi 2e9 ééévesliﬁaid
Decenber 2008roRinedtesaiboytlet flange adiengn aAld SeRRNG PRMCE T VEISET FRYR But™ of

mat eri al s havi n%fi Sa/b?tﬁgtciagih y equal coefficients of thermal expansion.
Preferably, P& €8Ot B IS fmade of titanium Preferably, the casing is
made of carbon steel 5 Preferably, the veneer is made of a material that
has a coefficient of thermal expansion that is significantly different
than the coefficient of thermal expansion of the material of the flow
tube. Preferably, the veneer is nade of stainless steel. Description of

the Drawi ngs 10 The above and other features of this invention can be
understood fromthe
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Detail ed Description as well as the followng drawings: FIG 1 illustrating
a cross section of a veneer enclosing an outer surface of a casing that is
enclosing a straight tube Coriolis flowreter; FIG 2 illustngthQgmBericey of
a casing having a veneer enclosing a floweter, 15 FIG 3 illustrating a

cross sectional view of the Coriolis floweter showng insulation in a gap

of the Cori of | 5 PresamebenecReirgd hedew b Bl e e e i, & "

casing and SubEBRflly €304 d%'eﬁicefhté. &ﬁtHéﬁﬁaatek;sw\sﬁrnoss sectional view of a

Coriolis flowreter Show ng lowing in a gap between a casing and
a veneer. Detai | Befoably ﬂ‘ﬁtﬂOMUtFﬁés WP@%@htﬂta H¥ention i s described nore

fully hereinafte F fleCLENSRistR dd6f camssrostpanyi ng dr aw ngs in which
enbodi nents of t e%%\t}gnﬁeo% ar elssh%v\h Those skilled i i

wi| |
appreci afe that Prafeiahiyethei \@neﬁ@? nadecifisonptedal thathias,2 Eﬁ"?r}f %rﬂ?w r s

and should not be,c ry‘rﬁ’r o ipdl iR thd eodmbiesti dTemrfnat expdrsicinfofher ei n;
r at her, thesé‘pa%%'b&%gtﬁt rcgﬁt;l% gl\ll (f% so that this disclosure is thorough

and conpl ettke matsliat oithe flewtthlee.scope of the invention to those ski lled in

the art. In the _dra A | i ke el enents throughout.
Wey i8ks &tBel ughou
5 16 Decenber 208?@ @e{#en%ﬁ)@es a é;ftsrtajgl St tube Coriolis flowreter 5.

Al t hough shown in conjuncti ome\sctrtptwrsofrtaleg)mwmﬁﬁe Coriolis flowreter 5,
those skilled in_the art wl ecogni ze. t. 0 be
used tolhouse fIW?Bh‘&a;}"ﬂa?/'iL‘ﬁb{eﬁg%g? ol "g“% LA bQ‘G‘?\P bisfibd T 82

oo 5ed gont | guration. Cor| olis
flowneter 5 paail@edchgtbrds woll h@tHe&‘omﬂma@drairﬁngmd 5 associ ated neter

el ectronics 20. Coriolis sensor 10 h SI ng. 103 w t ube
101 and surrounflGd! ‘B‘éﬁ%‘l‘&%aﬁéﬁ’ssﬁ?f °F|'ﬂ a 145 t?ﬂod& @afﬁgqepgﬁaég eft end
por tion therfolsin §hg@ﬁ&|8§hné915trlanghtmtreucg:monendupntan on thereof designated

101R Fl ow t ube its ends porti onls_I extend the entire h&plg,%g of the
fl owmreter fromt ﬁLG @qlﬂ@ﬁtraé!ﬁg aMigw 8?3 casing having a veneer enclosinga
15 FIG. 3 illustrating a cross sectional view of the Coriolis flowmeter showing

insulation in a gap between a casing and a veneer,
FIG. 4 illustrating a cross sectional view of the Coriolis Fiowmeter showing

heating elements in a gap between a casing and a veneer, and
FIG. 5 illustrating cross sectional view cf a Coriolis flowmeter showing fiuid

20 flowing in a gap between a casing and a veneer.

Detailed Description -
The present invention is described more fully hereinafter with reference to the

accompanying drawings, in which embodiments of the invention are shown. Those
skilled in the art will appreciate that the invention may be embodied in many different
25  forms and should not be construed as limited to the embodiments set forth herein,
rather, these embodiments are provided so that this disclosure is thorough and
complete, and conveys the scope of the invention to those skilled in the art. In the

drawings, like numbers refer to like elements throughout.



10 flow tube 101 to the output end 108 of the flow tube. The bal ance bar
102 is connected at its ends to flow tube 101 by brace bar 121. Left end
portion 101 L of flow tube 101 is affixed to inlet flange 122gqp&embeii003
end portion 101 Ris affixed to outlet flange 122' Casing 103 has end
portions 128 extending axially out fromeach end of the casing and
connecting casing 103 to inlet 15 flange 122 and outlet flange 122'. Inlet
fl ange 122 anﬁ'%uiI%FC’PFS%Q%SMQEWé%g&m“@dh\fﬂhe@rs‘fens"dMWO!UOhtshcavn in

pi pel i neqqdiNn@ioteWithk A o0Nai§ RN U B | ; lver, 104 .and a |eft pick
of f 105 %%rhﬂngu ri grllt pi ck lgff 105'{:821@([35 gg{'}p é%r ?b% soews¥’ﬁ%(§el "T(ﬁjezﬂdjwﬂgl ance
bar 102.rebognize thauthis sveinties rsdgaiab deovsrd fpatiduskliiv fueseivirig &lcaeldoni cs

20 to cause dri.ver. 104t Lbrate 20 flow.tube 101 and bal ance bar 102 in
Shase oyIBrOR EohGITRLOR, Ll Termlenis Epmpiines ALCenpls SETS0ra@ Adow,
t ubes 1013ssbierates aidtbakiagpironicsvedr ating fl ow tube 101 together wth the
material flow therein induces Coriolis deflections in the flow tube in a

wel | known reffdis. SeA8’e @6r habiaasins 1168t whinh anclodes deveduby ttclandf f s

105 and ' | ' [ .0f fs_ bei transm tted aqver

conduct os}gr%fffmaiﬂal%ﬁe%pl%rrﬁeeﬁ(g\gl%@%‘ﬁgﬁi'@ u .alkﬂfgﬁn%gpﬁ‘%&\ﬁf?qqranner,

t he phasiesigjrfated ¢0tk ihat ighd erdheortiouteuéofd aigh ae@plomesewig@ﬂfe ]gvibi and o
ow wthin ow t ube

represents information, pertaining to th terial ,

101. Thé&SH Rppang ‘@‘@r%‘“&’%@%&%\%&%@ﬁtﬁ!ét%ﬁ thejppubead 197'0f by
Tetey elioul hast 48128 WY il ehd\Thb MMITNSRTIBE. PTAE taRiRe BaS F081ignal S
to generate output information that is applied to conductor

r epr ese SONAgCieH At fgrersisstodiow duba® bby bodce ar t@t.erial flow. These

araneters i - densit ' ' sg.fl ate ot her

Pnf or mat i onmr%ga#gjl ﬁgﬂ'rcr’n?‘t 1;6;1 Ié?Sf Pq!%\?v&é)esrmﬁﬁ' @Q%ﬁﬁ to Hﬁé{rﬁqr@? 88g¢ihbed
her ei n, ecdrpqtionld0Ris! affixde talouNe flangsalee’. Casingi 03 PALeAd ipvRidis M er

el ectroni cs 20 r.oli:esa;s{sI | eft .and rt%ht velocity signals to 6 16 Decenber
2003 coﬁﬂ?ﬂ"@%%g’ga Y St ram.eagiLeid o6Ng G3sIngaand¢panasting sasingr O8uepalet neans
that ahheye 12etaid eLieet flangs 3220 %%tif&gprf@%eaﬁﬁ Hﬂ:tléf‘ﬂ%&ﬁénﬁ?éporﬁ@ct

expl anation of the circuitry of neter ectronics 20 I's needed to
under st &RdoliR g2 1Ryta g pinslime.
tn a well known conventional manner, a driver 104 and a left pick off 105 and
a right pick off 105’ are coupled to flow tube 101 and balance bar 102. Driver 104
receives signals over path 110 from meter electronics 20 to cause driver 104 to vibrate
20  flow tube 101 and balance bar 102 in phase opposition at the resonant frequency of
. the material filled flow tube 101. The osciliation of vibrating flow tube 101 together
with the material flow therein induces Coriolis deflections in the fiow tube in a well
known manner. These Coriolis deflections are detected by pick offs 105 and 105’
with the outputs of these pick offs being transmitted over conductors 111 and 111' to
25 meter electronics 20. In a well known manner, the phase difference between the
output signals of these pick offs represents information pertaining to the material flow
within flow tube 101. The pick offs signals are received over conductors 111 and 111
by meter electronics 20 which in a well known manner processes these signals to
generate output information that is applied to conductor 26 representing the various
30  parameters of the material fiow. These parameters may include density, viscosity,
mass flow rate and other information regarding material flow.
The present invention as described herein, can produce multiple drive signals

for multiple drivers. Meter electronics 20 processes left and right velocity signals to

6



veneer 150 of the present invention and is omtted for brevity of this

description. 5 The present invention relates to casing 103 having a veneer
150 that encloses outer surface 151 of casing 103. In the pnggRRtmber 2003
i nvention, casing 103 bears the structural |oad of casing and a separate
veneer 150 provides a sanitary or corrosion proof surface for casing 103.

Casing 103 is made of a first material. In thesqpreferred enboghment t he
first matericimpue mess dawiraigr Pailnds Peviflss RJPPEANGRN ABPYtdReY In the

preferred e”&%%’?ﬁ&ér cNERSHEs 2P0 lhl%rfa@éiﬁrtﬁ’ﬁan%péﬁﬁ&nﬂn RRbRALRIN 6MBE i S

dissimlar fromt rst material. For (%; poses of this di scu55|8n
di ssinilar cieaity oﬁnmtenai@ctms@tiéﬂnwe Ve ugdemstandjpe prgped?? 884 such as

different cogfflic JI rBfSthe %E%stelﬂ?fn@rl\uo@%‘?ﬁ% bRftted Br Brepﬁﬁéﬂhfs%s@ﬁﬁl@dl ment,

t he second r?é €ria corrosion resistant material, such as stai nI ess
steel . Veneer 15(Iherm¢smemv5h@n wiates tog@sngc@3TRVIngravenesy 1 aéthal sani tary

and/ or corrosiye caoverin Zoasi@n@er 150 is
affixed to oUl“ lqseg8}]%538'93%1{%ﬁgﬂ%gl{nﬁ%%%&?ﬁé&%gemml\'%'ltnk%énf ol | gWI ng manner.
Veneer 150 itseané fHowticiutaldratbofk@3ingand agSRrae venaw@@ H!@S"i?? HTaite wel d
201. Longi tudi nal we sed 10,sea veneer
150 after veN&Omi8H pf%c’%\fk’gﬁ(beeyrg?%% %ats:a%}'f& ggpsoelnaae g?glfig(t)q%g%@ ble to
pl at e veneer|nthd picferfidt éhbsdiment ehelfrit mp@lnahsmehwtamcblﬁ netic@rosigfur f ace
151, or to coat outer surface 151 with veneer 150 in sone other manner. In
a preferped rexigidl-ary embodi nent, casing 103 is nade of a material that has

a coefficient of |4 hrrgrefeneyRaIRReith@ndes 150 Bahadd ofd bycarguaatetial thate
mat eri al 25 fromwhich fl ow tube. JrOI]_. i's made. For exanmn ’dsf IarﬂY& tube 101
e 185 T

may be made isHissimigaRPRHNGAIE PFAE s "R PP “'8P'SPH%~H &xpansi on t hat

1S 4.6e-6 PEheslaOhshe B IMdIEHQ hade aﬁrerewbrdbe&ﬁesdﬁ@h%sdlﬁeiest cmefﬁn@tsasn ng
103 i s conposed of carbon steel which has a ¢co fflClﬁ}n Eef ﬁ per
peng ‘Pfal Ci

degr ee Rankiafdhermabegansigar [p agsefeged eaweodiregrd; the SR ently.

equal f% "Dc%tnogﬂfnrr@glétaﬂtsma@@iamm@\’% stalrflestsh#?eéloﬂléﬁ%rofﬁopérﬁﬁseﬂmer 150 i's
made of materi al suc stai nl ess steel which has a coeffici en

t her mal ex pangeraurfabai 51 and peeddgsey sariapf At/ PEARTORYE SPYH I ER'Or B‘:é‘?sof)
degrees Celsius, fhe QiSRG 5YvebesTlisidiked to outer surface 151 of casing 103

(FIG.1) in the following manner. Veneer 150 is affixed to ends 103L and 103R of
casing 103 by orbital weld 201. Longitudinal weld 202 is used to seal overlapping

20 sides of veneer 150 after veneer 150 is wrapped around casing 103. ltis also
possible to plate veneer 150 to outer surface 151, paint veneer 150 on outer
surface 151, or to coat outer surface 151 with veneer 150 in some other manner.

in a preferred exemplary embodiment, casing 103 is made of a material that

has a coefficient of thermal expansion that is substantially equal to the material

26  from which flow tube 101 is made. For example, flow tube 101 may be made of
titanium which has a coefficient of thermal expansion that is 4.6e™® per degree
Rankine or 4.6e* per 0.55 degrees Celsius and casing 103 is composed of carbon
steel which has a coefficient of 6.5e™ per degree Rankine or 6.5¢° per 0.55
degrees Celsius which is sufficiently equal for most operations.

30 However, if the corrosion proof veneer 150 is made of a material such as
stainless steel which has a coefficient of thermal expansion that is 9.6e* per
degree Rankine or 4.6e* per 0.55 degrees Celsius, the disparity between the

thermal coefficients for veneer 150 and flow tube 101 or casing 103 can be too



thermal coefficients for veneer 150 and flow tube 101 or casing 103 can be
too 7 16 Decenber 2003 great. In order to prevent undo stress caused by the
disparity in thermal coefficients, veneer 150 may be a sepanaifecsinbicioase
havi ng an inner surface and an outer surface. Veneer 150 may have ends
that are affixed to a right end 103R of casing 103 and a left end 103L of

casing 103. 5 Gap, 170 may be forned, between . inner .. yeneer 150 -and
outer surfa@Eishn ?ffjeﬁtgsqrﬁbeniﬁggg‘ﬁﬁgssg%%‘sﬁ89raﬂlﬁr%\%@Jrgggﬁﬂginl%:% to expand
and contract cobffisicS, VeirReen 54 hi2yWe dseparatetyttage bawngan ewsr swiacemngr 150,
Alternatively or in conjunctiqQn wt ap. 17 venegr 0 V. I 1 ows
191 (Shown oANPUtES sudacy. V%e%ﬂégﬂ%}%ﬁﬁ’%?ﬁ%éﬁﬂ x‘i‘%%ag@?{ll%\%ﬁﬁ? 1 are
bends in the ppdiRs foPEny §NEEENdLIDILSEE daml 103N expand and contract so that

as the underlying casing 103 expands and contracts, bel lﬂ%@ 1c€1 tl{gend and
unbend t & pr event GepAdE Mmayrba fefBed beseen nieT SHARCR A EArRe S GRY®170 may

cont ain i nsulglh Q300 AsingRAN The dabG7olohs eating 103 13 a%pdraeal ddneact
Sl ae

tenperature nore uniformii veneer 150. insulatjion 300 may be used to
retain heat insideaeinegr 19BwitRHIt @pREIO et Liees dhvenesr Pl plemalively odPy ess due

to tenperaturge . I &MrSqd 7 ey, Aeeldds 156 a8hawn 6h #IES! 35400
(Shown in FI én’g§&ﬁ{'§ﬂg%dﬁe@ﬁgﬁﬂe O:rﬁ??ge gaeB 1%0. %Heati ng .el emen?s 400
a¢ pa

provi de a heat opmusirer ertdsaxf caging 4 5¢.a Seligve 631 t 'ﬁﬂ?_ciﬁ thg puyifaceqf vgaeer
YT BRI  ERG PLua B ERR S caohy b8t 107,
through gap ad coPadts) betgu 49t bemd atd npbenit torpsevsmt eisessel] eneendel- 10. 8 16
P e 2oy i Yiteb s (DT Al KROUIE Sfo bty =1 10 =
. FIG. 3. Insulation 300 keeps the temperature more uniform inside veneer 150.
Insulation 300 may be used to retain heatin casing 103. This heat retention
15  reduces axial stress due to temperature gradients inside Coriolis sensor 10.
Heating elements 400 (Shown in FIG. 4} may also be mounted inside gap 170.
Heating elements 400 provide a heat jacket that heats casing 103 to reduce axial
stress in Coriolis sensor 10 caused by expansion and contraction of flow tube 101.
In a third alternative, a fluid 500 (Shown by ammows in FIG. 5) may flow through gap

20 170 to regulate the temperature of Coriolis sensor 10.



a driver (104) affixed to said flow tube that vibrates said flow tube
sensors (105-105') affixed to said flow tube (101) to neasure oscillations
of said flow tube (101) to neasure properties of a material filggwedeR®EOI003
said flow tube (101); and a casing (103) affixed to said inlet end (101 L)
and sai d Whatds claithed 801R) of said flow tube (101) and enclosing said flow

tube (101) from sa.d.inl 0.said outlet end (101 R); and
characteri zed Byiﬂﬁo(}%lf'ﬁeiéww%g%)(gi%@égln@o opposi ng ends (103L-103R) of an
outer surface (1513 fiefy tsibied10a5hadng 203hlet ene(td Usearghan ootleteendur f ace
(151) of said casing (103); and a gap (170) between said outer surface of
said casi P1&d said veneer (150) enclosing said outer surface of said

casing. 2. The Corigljrgef { Bled(B)sai fiswaube thahesraies said dowenber ( 150)
expands and contracts at a rate different fromsaid casing. 3. The

Coriobis {10owreter (5) of claim2 further conprising: bellows (191) in said

veneer (150) that allow sﬂ%_ﬁggz%?%%agésﬁgd)ﬂm%gg“@ﬂqo dpst

i ndependent of sai o liin g sald casing (103). 4  The
Coriolis phQatRinglof(ca)d Mbwelibé (13! \wheneasurs praparties ohe natetial lawthouge: a
bend in said veneer (|150) t hat expands and contracts in response to said
casi ng expaiddlomtubed 180kt ing. 5. The Coriolis flowreter (5) of claiml

further conprising: ;i [ hid il pai(dogerand €8 aglevens said
veneer (150) and sa?ggéggﬁgpggﬁﬁégg)em%?‘gll)mégf sagi d c];;'asi n% (103),.9 16
r

Decenber QUOR)&f sakEfdetile () flangrendesingpaigs flewdube (19 Trfiemsaibinit si ng:
heati ng elar?dn?%ﬁ_)(tg%g?d 6&§étaelnldeﬂoLlp{);sai d gap (170) to provide a.heati ng
and characterized by:
a veneer (150) affixed to opposing ends (103L-103R) of an outer

surface (151) of said casing (103) to enclose said outer surface (1 51) of said

3 casing (103); and _
a gap {170) between said outer surface of said casing and said

veneer (150) enclosing said outer surface of said casing.

2. The Coriolis flowmeter (5) of claim 1 wherein said veneer (150) expands

and contracts at a rate different from said casing.

3. The Coriolis flowmeter (5) of ciaim 2 further comprising:
beliows (191) in said veneer (150) that allow said veneer {150) to expand

and contract independent of said outer surface (151) of said casing (103).

4. The Coriolis flowmeter (5) of claim 3 wherein said bellows (191)

comprise:
a bend in said veneer (150) that expands and contracts in response fo said

casing expanding and contracting.

5. The Coriolis flowmeter (5) of claim 1 further comprising:
insulation (300) filling said gap (170) between said veneer (150} and said

outer surface (151) of said casing (103).



jacket. 7. The Coriolis flowreter (5) of claim1 wherein said flow tube
(101) is a straight flow tube connected to an inlet flange (122) and an
outlet flange (122'), said Coriolis floweter (5) further cogpPet&httg2083
first end (103L) of said casing affixed to said inlet flange; a second end
(1 03R) of saigl ThsiQugiokis floweeten(5 af glabutl byther SAGWNISHF | rst end of said

veneer affixed to said first d ' | I7BYi8e SRb&ng et

fl ange wher ei Meaiing ef'?’?@f’{se(ﬁgﬁg{‘nsg%egqb%ﬁ@gé@g‘c@ggs said first g;nd of
said casphat and a second end of said veneer affixed to said second end of
said casi‘ng proximate said outlet flange wherein said second end of said

veneer encl oses said second end of said casing. 8. The Coriolis flowreter

(5) of claim 77|' m‘?ﬁé%d?ioﬁé‘iﬂgwﬁ?eﬁépﬁ)Q)*_Qi?e)ima‘ﬂd«héﬁéiﬂ safd fow tuthe (10033 aar e made
s

out of material ving equal coefficients of thernmal exgansi The

9.
Coriolis dthanymeericw tute) carmectea tm @ infietrflsinged424) andantquiiet (12039 ?F%Z')'made of

titanium 10. The Coriolis flo ter (5) of claim8 wherein said casing
(103) is m@or@ils@awme@eééw%@‘irfor&é@%ﬁri olis flowreter (5) of claims8
wherei n sai d VeRRREendIROIL) of JHdCasing affixeal tersaad itidtftariges a coefficient of

t hermal expansion that is different than the  coefficjent of thernmnal
expansi on of taeesendend(1GIR)ef pid P%%\'/"Q@S'té]?‘eiiztpsﬁln OEB?H%Emie’flovwmter (5)

of claim 11 whegeln Sajrd WPRSRerGHAD foSsaidfi? opll oftsaidibasing sreximatd 0

said inlet flange wherein said first end of said veneer encloses said first end of said

casing; and
a second end of said veneer affixed to said second end of said casing

)| proximate said outlet flange wherein said second end of said veneer encloses said

second end of said casing.

8. The Coriolis flowmeter (5) of claim 7 wherein said casing (103) and said
flow tube (101) are made out of materials having equal coefficients of thermal

expansion,

9. The Coriolis flowmeter (5) of ciaim 8 wherein said flow tube (101) is

made of titanium.

10. The Coriolis flowmeter (5) of claim 8 wherein said casing (103) is made

of carbon steel.

11. The Coriolis flowmeter (5) of claim 8 wherein said veneer (150) is made
of a material that has a coefficient of thermal expansion that is different than the

coefficient of thermal expansion of the material of said flow tube.

12. The Coriolis flowmeter (5) of claim 11 wherein said veneer (150) is

made of stainless steel.
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