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20 A driver applies a vibrational force to the flow tube. The force causes the flow
tube to osciliate. When there is no material flowing through the flowmeter, all points
along a flow tube oscillate with an identical phase. As a materiai 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  theinlet side of the flow tube lags the driver, while the phase on the outlet side leads
the driver. Sensors are placed 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 calculated in units
of time. The phase 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 proof

Coriolis flowmeter for large Coriolis flowmeter. For purposes of the present
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20  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 are
determined by regulatory agencies such as UL in the United States, CENELEC in
Europe, CSA in Canada, and TIIS in Japan. However, the power requirements for
vibrating flow tubes in a large Coriolis flowmeter make it very difficult to design a

25 Coriolis flowmeter that is intrinsically safe.

One manner in which flowmeters have been made explosion proof is to
enclose the electronic drive system components mounted on the flow tubes that
operate above the intrinsically safe power levels. A conventional drive system has a
coil and a magnet which are mounted on flow tubes opposing one another. An
30  alternating current is then applied to the coil which causes the magnet and coil to
move in opposition to one another. The current applied to the coil is above the power

tevels required for the drive system to be intrinsically safe. Therefore, it is possible that
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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 insulating the conductors is to place a conduit of
potted material on to the flow tubes. The conductors are enclosed inside the potted
conduit. However, this potted conduit on the flow tubes can cause a zero stability

25  problem in the flowmeter. Furthermore, the potted conduit is expensive and time
consuming to manufacture.

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

30 Solution

The above and other problems are solved and an advance in the art is made

by the provision of a secondary containment housing for a Coriolis flowmeter sensor .
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advance in the art is made by the provision of a secondary contai nnent
housing for a Coriolis flowreter sensor 3 WO 00/47957 PCT/US00/01776, that
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presdlre ABRIBIMAYDE rHAMQ QT B85 e¥oRBSIVe Materiris agd roay operate ebhigheyetarggi ng

b eh o | . .
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an inlet side of the flow tubes and an base plate proximate an outlet end
of the fI BREEYHESH iInproves ihezemstability &fithe Aewmnatat sensare pl at f or ms whi ch

are forned to ; t s ates and form
the end al | o TR i Rib OB Todde PR ok 3R AP, Mg tERaf e O "
pr ef dbr edsesdnadryreodsing has bebatmaediiedtataliev the heuBingtte witistarBthk prédsurdre
inlet and Putlet mani folds of the flowreter. Between the first end and the
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breakage Fnie?rgnd 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 inlet and outlet 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 expiosion.
The explosion proof housing must also have at least one opening to allow the
conductors to pass through the housing to connect the driver and sensors inside the
30  housing with meter electronics outside the housing. The opening must provide a
flame path of sufficient length to cool any hot gas or flame that escapes through the

opening in an explosion. One solution is to pot the conductors into the side of the
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the pressure of an explosion. The expl osion proof housing nust also have at
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etall
description bel ow and in t he DesicriptiongotthePrayingsri G 1 illustrating a

Coriglis flo e [ Ln tiop:FIG 2 .illustrating an

expl g‘%i on pr%%%%égen%@?tsﬁﬁ%gmrgsQY%:@P('S[P? lowinsigriaving anexglosjon proof

i |1 ust r attiougirayarexigserlped i e detaired@uiscabtich bIBWERER tRIBRAH dawiys: 15
expl osion proaof haqusing; FIG_ 4 illustrati ngma cross sectional® viewof a

Coriolis flowfdBer! Hsicating s Carolisiowmetesof the sresant invegtienc. 5

il lustrating e ; | i , r Coriqlis

f1 ownet er havﬂg' gﬁ@%ﬁ%‘ggﬁgﬁlg@& ﬁg%%ﬁhogl%%g@?é ?%aia‘??féﬂksﬂswﬂ@eé Cross
sectional vi eWwlGl Zilubatinpiah élpiedahvieheors eOplicisyflovwimbtdradriticdeng 4hne 6
in FJG 5; FIG 7 illustrating one exenplary enbodi nent of a feedthrough

for Hh e8PESIPhPrasf bepsweusi ng; FI G 8 illustrating a cross sectional view
Of_ the exenpl g% heRARANG™N BloR8%eklidifal visw Bf a Coriolis flowmeter housed in an

explosion proof housing
FIG. 5 illustrating an exemplary embodiment of a manifold for a Coriolis
flowmeter having an explosion proof housing;
20 FIG. 6 illustrating a cross sectional view of a flow path through the exemplary
manifold along line 6 in FIG. 5;
FIG. 7 illustrating one exemplary embodiment of a feedthrough for an explosion
proof housing;

FIG. 8 illustrating a cross sectional view of the exemplary feedthough along line

25 B;
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 a conventional coil bobbin; and
FIG. 12 illustrate a cross section view of an alternative coil bobbin.
30



FIG 9. illustrating a driver of a Coriolis flowreter; FIG 10 illustrating
a section of the housing having a rib; FIG 11 illustrate a cross section '
view of a WOMEMSonal coil bobbin; and FIG 12 illustrateP@"EPYdd7®ect i on
view of an alternative coil bobbin. 30 5 WD 00/47957 PCT/ USOQ 01776 '
Detail ed Description Coriolis Flowreter in General -FIG | FIG 1
illustrates a Coriolis flowreterDetailathPescrigtiont | owmet er assenbly 10 and

neter ele ' i nics 20 is connected to neter assenbly
10 via 5 $ricls T etbPhBerf B l1y, mass flow rate, volume flow rate,
totalized mass FIGOW, iliistraes atComolisowrAbhes ¢athenisivg adiowieter B3sémBR- 14
shoul d be apparent to those skilled in the art that the present invention
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drivers, t .pi ck-0f f sensor t he . operati e aof vibration.
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102 and X@miperatuie)eindlBther Mifekmafiorr ovenpaths28 09t $RAGuId B apparent b esoskI3A
-and 103B. Driver 104 and &ck-off sensors 105 and 105' are connected to

f1 ow t ubeskilled in thgdart tbat the presegt nveptioarehnl be' usedebwfanyxtygetal Garioffiol ds

102 d 1Q2! ' 0 5 102 . ffixed t it d f
spacer - 100oWmARE S uliecd o AP Rurmee o8 Bl 6 phiies P efror seRsdB: e
102" to propepaingmadaeiof @ibratidir.ati ons in flow tubes 103A and 103B. Wen

flowreter assenbly 10 is inserted into a pipeline sgstem not shown) which
carri¥s the natdevaeteyassgmbbatinstidesa naii cfifaages 81 andviRdt srardfoldsy 10

t hrough fl_ang 0%, Lhrewgh, | By A al d er et

anount of 32\81 ?n%zt;.'eéf'\é@ﬁf‘%ﬁéf'égéfgﬁr{oﬁgbgm%\ﬁqdufiogé t%ﬁgﬁfg 3{6@%81’@1 ows
t hrough f IDriver uDesntQRék-ofirdndOHIB (BB A0H ardtonmattbeto ABWithds dDR anpher e
It exits neter assenbly 10 through flange 101'. Fl ow tubes 103A and 103B

are sel ect1@§I Bind appropriately nounted to inlet mainfold 102 and outl et
s ot oL R R Bl e R Gz, Bl b
respeid i velloR: arEhaffiked v bppesitecsridsef spzcenndby Spaest t 06 nigmtairy #e dpaciy
essential Ib>c/-;‘tween manifolds 102 and 102' to prevent undesired vibrations in flow tubes 103A
and 103B. When flowmeter assembly 10 is 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 103B, flows through flow tubes 103A
and 103B and back into outlet manifold 102' where it exits meter assembly 10 through
flange 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 at what is termed the first out of bending mode
30 of the flowmeter. Driver 104 may comprise one of many well known arrangements,
such as a magnet mounted to flow tube 103A and an opposing coil mounted to flow

tube 103B. An alternating current is passed through the opposing coil to cause both
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paral l el fashion. Flow tubes 103A-B are driven by driver 104 in opposite
direction heir respective bending axes Wand W a S
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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 appiication 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 limited to driver 104, sensors 105-105' and
leads 110, 111-111' (See FIG. 3).
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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-FIG.3.

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

25  flowmeter § 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 embodiment, the first end is a casting plate 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 explosion proof housing is described, there are various methods
that can be employed to enclose the flow tubes. For example, one skilled in the art will

recognize that the base of explosion proof housing 200 may or may not be affixed to
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each half section 301 15 or 302 of the housing. It should be noted that a
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half section and the other half section 302 of housin have
a grthve qridi2 efitbepuaingndt shnsid be petadithata dialfseatiomsech bs }m:affrsemubdneoeedges

Chcone h S Sy AR bbbl ledeienS e anar
wel ded t agetipgr or affixed in some other manner. A first end of first half
section 301 and second half section 302 is welded or in some 25 other
manner af f i xednosderdefacilifais thedoipdg oftfisstthatfsaction 30d anecsacongd halfesseation xed
to one 302, one section may have a lip 1001 (FIG. 10) along each edge of a first half section
20 301 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
flowtubes 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 welded or in some
25  other manner affixed to casting plate 303 the time the two sections are affixed 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-
103B, drivers 104, and sensors 105-105' inside housing 200.
Conductors 110, 111, and 111' pass through opening 308 (Not seen in FIG. 3)
30  and opening 309 to connect driver 104 and sensors 105-105' to meter electronics 20.
Openings 306 (not shown in FIG. 3) and 307 must provide a flame path that is narrow

and has a sufficient length to cool a heated or ignited volatile material. In order to
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20  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 proof housing- FIG. 5.

FIG. 5 illustrates a preferred exemplary embodiment of a manifold 500 which

25  canbe used as either an input manifold 102 or an output manifold 102'. In a 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 into one piece. For simplicity and to
reduce cost, manifold 500 is interchangeable as an inlet manifold 102 and an outlet

30 manifold 102'. However, separate manifolds may be made for inlet manifold 102 and

tor outlet manifoid 102'.
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25 can be used as either an input manifold 102 or an output manifold 102'.
In a pref odi nrent, manifold 500 is cast as one pieg i

manuf act u‘r%éé(IS (ﬂﬁ)wgﬁg those skilled in the art will recogn?‘gggg‘ﬁéﬂ%a?ri ous
conponents of nani foI d 500 could be cast. or constructed separately and

t hen assenbl ed nto one%[&l ece. For si nrhpl [ mtg and to reduce cost, manifold
500 is interch egting membersG2a @iaeﬁ@fﬂaedmﬂovetub@mmmw d

102" . Ho | d 102 .and
for outlet RanT %F“’é‘“”i’ﬁ?ﬁ”méé 0525 <R uhRb St PPk sbecns
connect i ngnemberr505503 eﬂhlerﬁﬁaelaeanafa‘rlakﬁdnidr direet\miataral W@ﬂoﬁ'ﬁ%é@ﬁﬁA
(Shown in F %39#% él’\a or_bioéaé wel ds or some ot her nmethod. Flow tube
connect i n§ (Sheyp.ig 1} nérfiqus pathy inside argniiold pBceNnarisetaw tabeer i al
| nt o T owbHRESinAAmIARE SHOIBa(PL L %é)% (dile@psBR I SRS to 2

mani fold 500 con | ow tube connectin

i nl et/ out flangs0H1 drmoet (Showrein FG51) I@d:r@l@é%é&ﬁatbﬂaﬁfroﬁw|o@'ﬁ@.ﬁrri‘é3r4aat§najr§>1—
(Shovvn in FIGF% Bﬁ‘&g ées material fromor returns material to a
pi pel i ne. I 0@ 5 3ffixed tasnasse 406 by@ spacar afachenerimercbensit

nb 50 cer 106.
A though Sickllsca henBoPBIRTs odiouls & M il shiedPie. A AteldR Sherfng
menber, thataehmknt mmm 8(eis Mustratedias la direuRgringemehder {thesé BRINED ’cH@arTber

401 st ch the sh %%@acer 106, Casting plate 504 is a base of
expl ionngr"ﬂ feqesiié a@ RE qu‘@ﬂ"f’ﬁ“’)@i‘ Ws”ﬁﬁ?ﬂhﬁb@éhmofmﬁG@MOG

f d enb d 50 t
Peduces the nugEaing pI8B0ANd PHAEPAbIbSofi dRbothakifE Bob ks arpred
Coriolis nfdnifoldeA0sY. 16.a ﬂi‘eferceﬁsénnbgdm‘ﬁerctaééstﬂng mét@tﬁ@ﬁ%asﬂwmﬁhh%ﬂ 5@%0
al so redu es t he 1&?\rllunber of welds in flowreter 5 which nust be

i nspect ed: %ﬁ%‘?‘ff@ts BYPREE Obiveldmic affx exriosipr preef heusing 200ds, Cerimils as

ri bs 505. gdlmetds BS : cast nmanjfold
5000 nt s OWAotél 52 TRELaSA] B SHRHE phite (L1 MarltBRESHq led BoduiBRbier 1y
of ndhi fohdr’r!beﬂofwetdsanmiomgnetér 6vitsich et benaspedtedy of a flow path through
mani fol d 500- Fb% 6. 20 FIG 6 illustrates a cross sectional view of

a
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mani f ol d §EY th 6

di vi ded int Or%ﬂc:é‘é‘(thg?é ’ﬁev tu 2—?} %tae?'ﬁnhgﬁ ggétﬁgﬁﬁﬂpﬁ%@ Tdﬁégﬁéﬁ% %62.
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IS provi d& é’ \{J ng di vi der 604 B{ te inlet/outlet 505. Divider 604
is a cross sectional view of a flow pa rou manifold 500- FIG. 6.

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

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

30 path 602, flow tube paths 601 and 602 bend to create a flow path through manifold
500 to or from flow tubes 103A and 103B. (SEE FIG. 1)
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an exanple, one skilled in the art will recognize any opening that has
conduct or $"g hevsing mgovide & flaroe aath pf awficipat lengihtdheoeldbe dlaee donotigas ton
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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 substantially through
12
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housi ng i Boddifg 2001 fV8Rber 709 i§ WHIWESS BF nrﬁgﬁmb(r})tlﬁ%rr ﬁﬁ@hgﬁgﬁﬁgézggvﬁ E8g1 tirst

side of a conductor 803. A correspon

second siBes®»7024ben @ut&ﬂwsttbrom:{hambermg 1Eash $éad3mmtl'%dhc§@suﬁ@?§se{hen
el ectroni s Coriolis Floweter- FIG 11 and 12.

FIG 9 il ?d§?$£ﬁ 8§°8dt:l?’i°{/éaéy§?éﬁ?<¥g£9%r7%9 on arfestrsidp @%@qmtmtor 803. A

Coriolis I r i ner 4 is a
ol | “and SeHERIRIg fead R o B e B R o B i A0l
t ype$d of @lSO@@nB9sthrte meter blectonics@0.i n conj unction with the expl osion

proof hougi n. 200 of the relset I nventian. Drlver 104 has a magnet
assenbly S e RIETp aNd 12¢xt end outward in

opposi ng di recm@rgsmné@megeegaﬁ\ve 3 §t6FFP'1@4 ?&P ! i lolj

Brackets 911 are w ngs which ext egd out war d ??F%efr%g rﬁé@&uggésré °£%12:°qr?é{§e a
flowmeter 5. In'a preferred exemplary embodiment, driver 104 is a coil and magnet
assembly. One skilled in the art will note that other types of drive systems may be

20  used in conjunction with the explosion proof housing 200 of the present invention.

Driver 104 has a magnet assembly 910 and a coil assembly 920. Brackets 911
extend outward in opposing directions from magnet assembly 910 and coil assembly
920. Brackets 911 are wings which extend outward from the flat base and have a
substantially curved edge on a bottom side that is formed to receive a flow tube 103A
25 or103B. The curved edge 990 of brackets 911 are then welded or in some other
manner affixed to flow tubes 103A and 103B to attach driver 104 to Coriolis flowmeter

5.
Magnet assembly 910 has a magnet keeper 902 as a base. Brackets 911
extend from a first side of magnet keeper 902. Walls 913 and 914 extend outward
30  from outer edges of a second side of magnet keeper 902. Walls 913 and 914 control

the direction of the magnetic fields of magnet 903 perpendicular to the windings of coil
904.
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substantially curved edge on a bottomside that is forned to receive a flow
tube 103A 25 or 103B. The curved edge 990 of brackets 911 are then wel ded
or in somVOIMESST manner affixed to flow tubes 103A and 1036018
driver 104 to Coriolis floweter '5.. NMagnet assenbly 910 has a magnet
keeper 902 as a base. Brackets 911 extend froma first side of magnet
keeper 902. WalMagret$034a aosubstantialy cylindigal maanet NaxingLA Brst @ngeas sesong

SECOn0 1 o R R B gl 3 RO B W S e

of the magneticTie nmagne perpendi cul ar to the coi |

904. 13 WhhdlHet 993 ar@GlfixéaDio Ddsctina suvkgealf nddifhet keaper 80 tarydcatd shagnet
cylindrical magnet having a first and a second end. Magnet 903 is fitted

"hio"a rgeeun Snaane seneiobid egre: ety Eave noksmen) Sooics
_ . e
mgnet asSEREr o0 I0C: HheFiferBy cORBELsIFGRE R T S b BT S SR hdy 1,

5 its secofithaymie 903he diregnite madmeticvidids imevepil 084a cap the is fitted to
the second end _of nagnet 903 to direct the magnetic fields into coil 904.

Coi | assembly $) assemihe82@ faludrsacoilb?Rf. caid cildaibin 86%. Collinobhb®dhisoos

is affixed: ~ GO0, i I t i froma
first sur% gr(':){ae% tgr%éﬁa?ﬁ%?gﬁ]%%ﬁ%%ﬁ% H\kbsaggpg@zq'ﬁt@g@alﬂsﬁn%ufﬁ? g%fﬂgancecoi I
bobbi n 90Grewbwhitt il JAgE @loUdd3. Cali $0LR4nbsntedBRECiEBOLLIN I0eabpbbeinghi ch
applies alternating currents to coil 904. The alternating currents cause

coi | '$04 apronai§Rdt ©Cok9IRpispanngetedtadead pdp whirtearmliss pttematingeurientaton
f1 o i 1] ' i t her .
EreoTe | PSS e HerPling Wil Sodtpl cditioR A MBRAR'ddatB st BR8H "'

whi ch may onéZnetharsgticiam e taluasliiow QB%s(19BRA drid3 03B {o. osciaveit d ppvitionoi |
bobbin 1005 is machined froma solid bar of a nmaterial such as al um num
FIG 12 ilP@ee@aoteran alternative coil bobbin 1205 that nmay be used as

coil bobbin 90 . : t [ [ i ' L. t

Wi ch al Tons i 18 ulpEtedbordid Seigh bt € oLl antghaRAIBabEER 105 en Y

si gnifd camelusedescoithebbint80b (SEE/EIG.i%0)n Al orn@ntioballzoil bokbRin3.0080s faehifeave i s
a descrip ter havi ng osi on proof housing.

i's env&éﬁgﬁgg'i‘?h%‘g a%"@g?rgkgm 2F BlEIgYM. (Fi&' gﬁﬂlluﬂrfqes Bqlpinativesdiat i ve.
gig: oston b%rbg@; 1508 tht%Ra) Ve $3¥d 951 coilf BADYIR (9RES(SEERFIG NS, g rfdtive il
bobbin 1205 is die cast which allows it to be hollow. This aliows coil bobbin 1205 to
have significantly less mass then conventional coil bobbin 1105.

20 The above is a description of a Coriolis flowmeter having an explosion proof
housing. |t is envisioned that those 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

Equivaients.
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housing as set forth in the clains below either literally or through the
Doctri ne Lval ents. 14 WO 00/ 47957 PCT/ US00/ 01776 \Wh ' |.aj med
is’ 1. A %?P@ﬁﬂéyf | ownet er sensor (10) having at | east onegéT/ba?“?odg.)g '
(103A-103B), a driver system (104) affixed to said at |east one flow tube

(103A-103 19 Yiibra e said at |east one flow tube (103A-103B), and
sensors ( L 1BS19IMYY 1Sted to said at |east one flow tube (103A-1038) to

measure osci | | gt A @tioft flodntbtad sér%sy)owu_%vi‘ng%éaét‘éhg ﬂggﬁtﬁégiﬁ)&ﬁ-ms

responsive to said driver system (10 vibrating sail t one I)’ow
t ube (103A- 1038)drived system 4H¥i affiked to saidi atneabbahe Slaivdtubec(10BAL 1688 o0

T expl DEIAR SpECatéaRs 0B g e T 63834 sbastis (T aardoB) aersaseibe
(103A- 10§ﬁbas§@}ﬁ§|ﬂ8witbif§é (W-QUBB%g)ggmea?é“u‘?e %@&maﬁ&&s&ﬁ id 20R=1P3nd p§®ef ein

sai d explosion 10 proof housing ( I's adapted to contaln an expl osion
of vobat i luberfdD3ArHI3B)yespensive to said shiiver sygiens(164) piboatingsaid iat et dne

From 1 oni T0R4UGR 103 8a) BRRdP TATeERt TR i o Ssc et rretocmetast | o
f1 ownret er ejgensmits (26) sald fdvirhBldr sEHE6MAD) BEMRY drsirBsterided %&St conduct or

(110) having a first end connected to said drive system (104) inside said
expl osi on pr oodn R¥PIOFEY Hreobhousing (200) eoclasingesaid atledstomafiow ¢obd (103t er

openi g ( SER5Y PR 8F5iRBL 0% Piriteent sBasets (196 pBl irisiih said explosiana O
fi r stocongheet ﬁbuéiﬁé&hogﬁ%ﬁéaﬁtéﬁﬁbidib?ﬂtﬂﬁ b ehI8KBh s atfé Wéte?%ﬂ@r@?d( 200)

to outside said explosion proof housing (200); and a flame pa udi ng
sai d fi rsinsigesaisexniosian pragf housing apdprevgnisheparksasdhigh teinpeeatpagsingids a

sufficieng_; th.to hat volatile material escaping through said 10
path, o i SRS BB baiba YT aoya st FeateRa Lot 7g1d Beeana
conductors (111-111') having a first end connected to said sensors
(105-105") inside said ex& osi on proof housing and a second end connect ed

to said net er2.dihaEpdelictowmejertsensontidiof cimrafusther oomgasingsensor s
(111-111 ) pasiie s edaTORRaY Al Tl capaclecBseith grive sudieqt oAl d
expl osi oringidecdaith @xpidstori Provi HdusMgd(28D) laRdHaving a second end connected to
meter electronics (20) outside said explosion proof housing (200);
5 at least one opening (307) in said explosion proof housing (200) through which
said first conductor (110) passes from inside said explosion proof housing (200) to
outside said explosion proof housing (200); and
a flame path including said first conductor through said opening wherein said
flame path has a sufficient length to cool hot volatile material escaping through said
10 path.

3. The Coriolis flowmeter of claim 2 further comprising:
second conductors (111-111") having a first end connected to said sensors
(105-105") inside said explosion proof housing and a second end connected to said
meter electronics (20) to transmit signals from said sensors (105-105') to said meter
5  electronics (20), wherein said second conductors (111-111') pass from inside said

explosion proof housing to outside said explosion proof housing through said at least

THIS SHEET HAS BEEN 15
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AN T N LY ANS g et b L et et e

THI S SHEET HAS BEEN J 15 REPLACED WO 00/ 47957 PCT/ USOQ 01776 one openi ng
and wherein each of said second conductors defines a flane path having
suf fi ci entWPRYIH7t o cool an escapi ng hot vol atile material PCHUSGHUTTS
Coriolis flowmreter of claim1 further conprising: an inlet manifold (102)
affixed to an inlet end of said at | east one flow tube (103A-103B) wherein
sai d i nl etonearenicaRdObRrein each of seid sesandcontduetoradefingsa flamelpath havingst

one 11 v byl 0t 3o B AR oo BBUEGAPZ ) 20 foan el

material fromsaid at | east one flow tube (103A- 103B) into a connected
pi pel i ne; and said expl osi on proof housi ngﬂ_é1 00) having a first end affixed
to said inlet 4rm'Fh€f gpdolis fowmsternfclaimgd! ex sampsising: d out let manifold to

2 wher oi nsai 2 MELTueRfol tHo2| Mo R apdniel BBt gaef st §B Bl el ™
tube (103A4%03A/d 03By m@némféawv;ruybmahﬁ&afé) 02 dirscds @ flow ef maltdil irtb %a(dl;QtZ)

conprises: an inlet openi g (600) for receiving a flow of material froma
pi pel i ne; @aséomﬁf&wmmw A61A3B) hat prow des a first flow fromsaid inlet

0peni 119 10 521 IRt mali Bl (140 cPS WCh I BB ok AR o BBk e e

second fl ow from sald |

di vi der (§9d3A{0GBI) wueesas@ldlﬂmkwa mraté”ﬂaﬂl@rohﬁ@ébd atleabt ehey ReRuBai 0340w
from 10 said inlet into said first flow and said second flow, wherein said

di vi der (664P)iisto pcarnpeted pipglde; anét opening to ninimize the volume in a

flow path into I
eddies in sai dséﬁiogv).(b@g%%]he lfqthlog%ﬂg @ﬁ%@%lﬂp r}#mﬁtal m hﬁ}ﬂ @q&sﬁ"gé{ﬁ%‘ at
| east one rhdrifvld ahe a set0RAehaIMixddIo Salisduiet manifyldtosnerae 201 Maehstorked
inlet end and said outlet end. 7. The Coriolis flowreter of claim®6
furt ht}d cdlepriubeng: 16 TH'S SHEET HAS BEEN REPLACED WO 00/ 47957
PCT/ USOQ' 01776 a substantially u-shaped bend (203) between said first end
and sai d second

5. The Coriolis flowmeter of claim 4 wherein said at least one flow tube (103A-

103B) includes a first flow tube (103A) and a second flow tube (103B) and said inlet
manifold (102) comprises:
an inlet opening (600) for receiving a flow of material from a pipeline;
5 a first outlet (601) that provides a first flow from said inlet opening to said first
flow tube;
a second outlet (602) that provides a second flow from said inlet opening to
said second flow tube; and
a divider (604) proximate said inlet opening (600) which divides said flow from
10  said inlet into said first flow and said second flow, wherein said divider (604) is
proximate said inlet opening to minimize the volume in a flow path into said inlet

manifold from said inlet opening to reduce eddies in said flow.

6. The Coriolis flowmeter of claim 4 wherein said at least one flow tube

(103A-103B) is substantially u-shaped between said inlet end and said outlet end.

7. The Coriolis flowmeter of claim 6 further comprising:

16 TAIS SHEET HAS BEEN
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end of said explosion proof housing (200) wherein said substantlally

- Shaned Ry tc!! "0 25, arch bet heen sai d 11 st endhapisayneecond K
expl osi on proof housing (200) over said arch. 8. The Coriolis flowreter of
pai fsecti on ( SoHPeriely detiopRacarnd LI tswpan ShicLirSt o ARt sqoond

| ongi t udi pa a&m ERIIVE6R F?é’équdcdsfrﬂ zeogai whiFeif 3af m.a%pgloﬁ%%p@ Bend

expl osi on proof housing (200 ere flrst alf sec Sai d
second hald dsfbwd as aararchbbiwesh Saiddirsnendiaond Iseid $ecaai ehd of sdidrepidsidrd and

said qutl et ni foI assenpl | ose .sai d east one fl ow
Cube. 3. PiROTERLSEIG o ipGRAR SressroRfat o 250 erano arest nauSia 0 over
conpri sesgaidaa,fch_rst case plate (303) of said inlet manifold that has a
first surface (305); at |least one manifold outlet opening in said first
surface of said first case plate that connects said inl et mani fold to said
at |l east one flo e .a t end. o 0Si n pr oof

nousi ng (200) Ba e ERRBES DT o plerh 7oviatgicceaid Bxdlarih proahouBios (goat e
10. The Gy §i9ided ihfoox iRt BEIf S88EH (304 hnafa é‘éc@n@‘l‘fblf’%@h@h'@3@%)'&1vn8?8'a‘i‘3ng

mani fold (102') conprises: a second case plate (304) sal d out

mani f ol d Bhengitukinal akisrbatween saiddirstand ammaldﬁecmmdwmd)bﬁsaldIee;plosrwrprogf

307) i id f d t hat t id
but | & manpren @a0uERereft <oid fest hah sSRhoN cpseld Serah i celbn aredtinast -
sai d expl @sbAB dHoAMr tBO3LH fHlet ﬁuaﬁff&luxmj éad&ﬂltetfm%ﬁtfolatﬁtféé%%n?ény $ifefto
second case plate to enclose said at |east one flow tube.

enclose said at least one flow tube.

9. The Coriolis flowmeter of claim 4 wherein said inlet manifold comprises:
a first case plate (303) of said inlet manifold that has a first surface (305);
at least one manifold outlet opening in said first surface of said first case plate
that connects said inlet manifold to said at least one flow tube; and
5 said first end of said explosion proof housing (200) is affixed to said first surface

of said first case plate.

10. The Coriolis flowmeter sensor (10) of claim 4 wherein said outlet
manifold (102') comprises:
a second case plate (304) of said outlet manifold that has a first surface;
at least one manifold inlet opening (307) in said first surface of said second
5 case plate that connects said outlet manifold to said at least one flow tube: and
said second end of said explosion proof housing is affixed to said first surface

of said second case plate to enclose said at least one flow tube.
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