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Problem
It is known to use Coriclis effect mass flowmeters to measure mass fiow and
other information of materials flowing through a pipeline as disclosed in U.S. Patent

10 No. 4,491,025 issued to J.E. Smith, et al. of January 1, 1985 and Re. 31,450 to J.E.

- Smith of February 11, 1982. These flowmeters have one or more flow tubes of a
curved configuration. Each flow tube configuration in a Coriolis mass flowmeter has
a set of natural vibration modes, which may be of a simple bending, torsional, radial,
or coupled type. Each flow tube is driven to oscillate at resonance in one of these

15 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. Material flows into the flowmeter from a connected pipeline on the inlet
side of the flowmeter. The materialis then directed through the flow tube or flow tubes
and exits the flowmeter to a pipeline connected 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 p}wase 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



invention relates to an intrinsically safe Coriolis flowreter. Still nore
particularly, 5 the present invention relates to using a secoORGHIsY2003

cont ai nment housing to create a Coriolis flowreter that neets intrinsic
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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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di aneter and operate at a resonant frequency of greater than one hundred
hertz. Also for purposes of the present discussion, an eXptﬁﬁh%Eﬂ200
environnment is a system that includes a volatile materi al can %e
igniﬁgqﬂé% a_spark or excessive heat is 5 introduced into the environnent,
Fur t 2} @?Can expl osi on proof device, such as a Coriolis flowreter, is a
device that is designed to ensure that a spark or excessive heat fromthe
device does not ignite the volatile material in the, environnent. |In order
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i%§ue§ogg“gggﬁgtFbinrichs 15 McAger Atebau GrbH & Co. If a material ignites

i nsi de an encl osure, any gaps or openings in the enclosure nust provide a
flame path of a sufficient length to cool the material as the materi al
escapes fromthe enclosure. The cooling of the hot material prevents the
hot material fromigniting the volatile material outside 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 a certain tow energy level. By operating under a certain energy

| evel, the device is ensured not to generate a spark or sufficient heat to
cause an explosion even if the. device fails in some nanner. The power

| evel needed to make a device intrinsically safe 25 are determ ned by

regul atory agencies such as UL in the United States, CENELEC i n Europe, GSA
in Canada, and TITS in Japan. However, the power requirenents for vibrating
flowtubes in a large Coriolis floweter nake it very difficult to design a
Coriolis flowreter that is intrinsically safe as shown in U S. Patent No.
5,400, 653 issued to Kal otay and assigned to Mcro Mtion, Inc. 30 One manner
in which fl owmmeters have been nmade expl osion proof is to enclose the

el ectronic drive system conponents nounted on the flow tubes that operate
above the intrinsically safe power |evels. A conventional drive system has 2
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11 August 2003 5010/ 036PC a coil and a magnet which are nounted on flow

t ubes opposi ng one another. An alternating current is then11RuBﬁds?§0(§33 t he
coi|l which causes the magnet and coil to nove in opposition to one anot her.
The current applied to the coil is above the power levels required for the

drive systemto be intrinsically safe. Therefore, it 5 pas hat 211
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has sufficient power to drive flow tubes of a certain mass, stiffness, or frequency.
Funthermore, the cost of the components for the driver increases as more expensive

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



conduit. However, this potted conduit on the flow tubes can cause a zero
stability 25 problemin the flowreter. Furthernore, the pOtﬁ?ﬁug&ﬁQBbﬁ S
expensive and tinme consum ng to manufacture. For the above reasSons, there
is a need in the Coriolis flowreter art for a better nmanner in which to
make a Coriolis flowreter that can operate in an explosive envi r onment
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oscillate the flow tubes. Furthernore, the conductors inside the housing
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th t bi t t.hst and
the. pr edet e aedidd e phiedlo bREIate R ToR R Firrsfris e et "
housi ng ihage lﬂﬁ?ﬁoﬂ?ﬁ\bfélgg chnéi have &B%éqéh'@b@@dt[ﬁ é"béﬂﬂé@ %Bﬁd&ﬂf‘%nﬂﬁ@ﬂéw e of
an expl osion. The housing is forned to encl ose the fl ow tubes of :
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proxi mate an ow t ubes,and. an base ate

d
LTt end ot BB P Sag RS e S B B gl o s BE Hesh & 2"
Pl 24 OF BB hBLRid M AELoLR nfodifidd tOBIION e hisblid8 it PO psaugh t he

pl ates an t he at encl ose e opposi ng ends of | ow
t ubes. bhamepplesion. eitheemiimingistormebdoiemicitsedhd flow fubesidiadlopinagteswitinia par t
of the Iansle%ﬁedaggmgg}'t!'neetnt n%’%lef}'?clagssfng fhatshgnflrhie?ggse plate 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
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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 jhg ¥adthoes the
housing 25 distributes the pressure of an explosion over the entire arch
and reduces the nunber of weak points,g such as joints, in the housing that
are susceptible to breakage from the pressure of an explosion. The

expl osi on proof housing nust al so have at | east one opening to allow the
conductors to pass through the housing to connect the driver and sensors
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that is substanti al u-shaped, a driver systemaffixed to said at | east one
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of material into said at least one flow tube, an outlet manifold affixed to an outlet
end of said at least one flow tube to direct said flow of material from said at least
one flow tube into a connected pipeline; said flowmeter characterized by:
20 an 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.



system and said sensors wherein said explosion proof housing is adapted to
contain an explosion of volatile material ignited inside sgj hON
proof housing and prevent sparks and hi gh tenperatures ing‘!ﬂégﬁg%?

expl osi on proof housing fromigniti gg] volatile material outside of said
housi ng and wherein said expl osion proof housing includes: a first end
affixed to said inlet manifold; a second end affixed to said outlet manifold -
to enclose said at | east one flow tube; and a substantially u-shaped bend
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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.



a second outlet that provides a second flow fromsaid inlet openi ng to said
20 second flow tube; and a divider proximte said inlet opeﬁ' p\g? 8@
divides said flow fromsaid inlet opening into said first sai d
second flow, wherein said divider is oximate said inlet opening to
mnimze the volume in a flow path into said inlet manifold fromsaid inlet
opening to redyce eddies in said flow 25 Another aspect is that sai d
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?\O{JSi ng is ;f #@BEE Bg\/% #hqatsﬁa"gl?t”gﬁg@%‘l’é %%ﬁ’f&pf're’?ét | cas;(:ongs:ol atg
Anot her aspecty $écddif3éas?t rc;%fﬁtﬁb?&arﬂ%tfe@'n‘?arﬁwme&%s @fﬁﬁ%@l‘ﬂ@c‘éas“ ng

pl ate of said outlet mani has a first surface; at |east one
mani f ol d i nl e@tigastiong manifaiddniet opening nesaid firstsairfaceafsaid secendt | ng pl ate
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of sai d secongdaigesddomd eNdRbeshid SXOSI6R prabhaisihg ASAMRBE th1savd fithe.
Description of the Drawi ngs The above and other features of a Coriolis

f | ownret ePUTRAR ALSaid serpndsiasting matertosndieses saig atleastans flowdube. t he
[l ustrating a Coriolis 1 ovkgsermsith REte BeBlngs Ie 1700 G ' 2
i Il ustrating Fie ebbbeﬁn@mtheﬁﬁéathmmm Cairiolis €idwingeter Baring &5 ekhloeferi er..
G ° 'oroathoGeingare Beschbd T the Gétaled deseripton below and in the ?Snio%iﬁg nan
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 a conventional coil bobbin; and
FIG. 12 illustrate a cross saction view of an alternative coil bobbin.



20 expl osion proof housing; FIG 4 illustrating a cross sectional view of a
Coriolis flowreter housed in an explosion proof housing Fl & A% Hétlﬁﬂﬁérat' ng
an exenplary enbodiment of a manifold for a Coriolis flowrete avi ng an
expl osi on proof housi ng; 25 FIG 6 illustrating a cross secti onal view of a
flow path through the exenplary manifold along line 6 in FIG 5; FIG 7
iIlustrating one exenplary enbodinent of a feedthrough for an explosion
proof housing; FIG 8 illustrati ngDStQﬂed?’sQ%é@Ptl@nal view of the exenplary

f eedt houghcqu Q2 Blwkider B ghgra,QFlGIJ,ustratl ng a driver of a Coriolis

fl owret e ‘W%Uﬁm&mgrn'g—a—mﬁon of the housing having a rib; FIG
11 il ust rate a FiGodisillastedteera Coevli®floantaBy §bhiRAIng 9iiowkei G
12 illustrate a cross section view of an al terngpjl?ve d:COI I %(%r Gs%q%%%gst
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totalized nass flow, tenperature, and other 1nformation over
shoul d be siifed éntthecart Hbatethes kidsent Jnmemtlw ean Hehased hey Qmﬁi?@é dfn(@@ﬂbhé’”
riolis flowreter regardl ess of the nunb

can be us b
drivers, %WW#&S%P e NUBMES Y diivess. tBBdupbergOhpigl- Qﬁ samsﬂrat thm

10 Fl ownet er@gﬁgrf%‘ye ﬁgvb%ﬁdf'ﬁes a pair of flanges 101 and 101'; manifolds
102 and 102'; driver 104, -of F sensors 105-105; and flow tubes 103A

and 7038. Dri vféhowﬁeteaadsqzmbly i ihchefesar said&F1amgds 109 aray B) conBAGSIEd 1‘03

fl ow tubes 103, and 1039. FI anges 101 and 101' are affixed to nanif
102 and 1694 Q/Em ryedd Ofo picknel F1spnseps 18pe! G, fandefiow dubpp d€i3ve 2ed dtD3B.

o pr event eart 24 OiET P 108 ST ThD e BT o8 dRarH Bafot er
assenbly 1Q3iB.inserted into a pipeline system (not shown)
Flanges 101 and 101" are affixed to manifolds 102 and 102'. Manifoids 102 and
15 102’ are affixed to opposite ends of spacer 106. 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

parailel 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



which carries the material being neasured, material enters flowreter

assenbly 10 through flange 101, passes through inlet manif.pf Rlé%ggzwg@re t he
total amount of 20 nmaterial is directed to enter flow tubes 10 and 103B,
flows through flow tubes 103A and 103B and back into outlet manifold 102
where it exits neterassenbly 10 through flange 101'. Flow tubes 103A and
103B are $ebesctocesciladeagpsuirtiladely simmahiseabrlied hy stetensicofroh}s102 dathad

outl et maqi hql d :L02'1 30 ﬁs to have suggﬁantial |y the sane mass 25

di stribut i'dR, CAEYERT Q2 of NEdessription sl FEp abis RIoWsRA BEral AR amenammie akte W W
and W W t hvel e : . L.y .f r.om t he .mani f ol ds
in an essgﬁgfégl%ﬁybygaggpggﬁeﬂ?%%ﬁgﬁél'gvﬁﬁﬂﬁgggfgggé%é{ Q‘edFFr' nByofdt?’i‘i'ver
104 i n opposendirdiangioni ons about their respective bending axes Wand Wand
at what is terppd the first out of bending node 30 of the flowreter. Driver
104 may conpri YE€Bhelestropigs2erqenasois TNt angeleinalocivusibnals appeame on

t t t 3 ' il t to fl . tube 1038.
Ao ol tor neee R A 1T e B PSR R B o PR s tecPTive S6PBb0R
11 Augustie2603 0t whith dauises dirivbat G4 to%s%ﬂlb‘t@%ﬁtn%’cﬁ%é’@()%"\gﬂ% 03B, 2Phs b?%eﬁ{ o 1
(0}

meter electronics 20, via lead 110 to driver 104. The description
i s provi dBYENER LRy dascrbrdhargim ecanfprotiece opdinde idoivedfigreal Sowi raliltipid Hewemt er
and is nqf.int to.Limt the teaching of the present invention. 5 Meter
el ectr onﬁ\ég @@%@%ﬂ]’%gb pﬁ%c.qsisé%fg a’é&ﬂgtl’te‘%tlo‘i}‘éfl Yenely e rgRmwe apnsliawasten

| ead®) 11PAADELAALVidELERIEHIIEHY an MBLRR b SR IR 4R meiegf%#gv‘éﬁahgg q({) -

signal on |ead 110 which causes driver 104 to oscillate A and
1038. Thénigrieserwith anvaperaton. As edetmztibedfhiee einuitoaof metstusie ctivhidspb® igr i ve
signals for | tiple drivers. Meter electronics 20 process left and right

velocity “Q”&%FQ 1 SNEsRTaDE thes3rIpFER BRI o USIN®Sf o Brasest inkention arpix  and

an out puiyriRad ot Braliteldr &l ectronics 20 to interface with an
operator. An expl anat ?onﬂ)({)vg 0itgﬁéﬁéztljdr?.lc':uitry of neter electronics 20 is

unneeded Arvexmdsipstmodf hdwesieapFidsizon proof housi ng of the present invention
and1jss om'tttf:gil f&r, brevity of this description. An expl osion proof housing-
FI G922 15 FI GT'S- Flilysdiatas @0 erplesipn psefmhassing 208 naesing dlosn tumas NG3AI ow

Lubes 108 @ 4O8EGHs FOMH LSS | WEBNHniBnal for'S CBABNE ALWAAGer 1S hale
a secondary containment housing that encloses flow tubes 103A and 1038 (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 notlimited to driver 104, sensors 105-105"and

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



a secondary contai nnent housing that encl oses flow tubes 103A and 1038
(Shown in FIG 1) to prevent material fromescaping in the ? one
or both of flow tubes 103A and 103B rupture. 20 In the prese |nven i on,
an expl osi on proof housing 200 that can withstand an explosion of volatile
mat eri al contained inside the housing 200 encl oses flow tubes 103A-103B,
driver 104, and sensors 105-105'" (See FIG 3). The expl osion proof housing

200 al so prevenBy mpddicg andxpiagion enpef Bewsisg ROErdes 104 (Sigenemtistaofin
f I owret er terial oqutside the housing

0o Eor | 2B ks s o PR A RO LR AT e cats Theaenes s is Spiaal
gas, |iquigppaasmd/d vméﬁ iChfed Q%L{rﬁﬂé ESﬁij ofh §R4 #g%gﬁree ﬂﬁe%é'faﬁi?d@?%{'han

heat. In order to withstand an expl osi on, ous

a conventi grave $moa1dacyummld@fnﬂm1remsum thee mﬁgﬁéﬁl@rﬂeﬂd}: Wi ttAs t @R@r trech
pressu e generat x | osion of volatile material in housing 200
caused by &I5pEF ﬁ"%‘ Wf-"éﬁ H]eeﬁ'f"r‘%'nl%m@@rfﬁéﬁ@ﬁtal Seena Sondoneestasbineenpio s3on

105- 105 andb 1 aarad 20 " rePE pRWer @ BrlRhrid b SRE R Ul AyunalF B

provi di ng fanw mivekazpablepsLivdvibg usemer 200s rales vesy 584 rogheny. i n detail in
FIG 9) does not have to include an enclosure for the coil. The enclosure is

typically a nménathedzduantage oh having an edplesiumereofduusingBBDrs drat at prated r es

mmgnet i ¢ 2P ARERFEbdnayR GEE snetROD P iRHES BARRE IO AE The pavpdiands nce

the me} al iSha@wmldted m@éteﬂgeﬂﬂs&hl éhcﬁé@é@ﬁéa% 11905,99% ARP$H ?QPC?EQQ\geﬂ tH®¥dads

powerful driver may be used in Coriolis flowmeter 5 and ubes capabl e
of havi ng figredgniting thavatrmpegheneyinsidepthelcasd. carsinhean adpiniage The hwtmeﬂg an

| 200 d d h b
APy enr 6BhHOL ol AR 8 RerhostaBily Pridelt for AoBohitns 1036 Pad 403Pns Thar ed
mat erial WhinflhtiBAGrASE Bokiea na&g emnaf& t%%lzerbostabﬁ‘iéfglﬂo&:é‘m Aﬂ?fggg a Wi

igniting the atnosphere I nsi e case causin
condui t cadnduiise a zero stability problemfor flow tubes 103A and 1038. The

el i m,pation of .t he Eotted condwt el imnates the zero stability problem

causéd by the OBEJBANDEr i WiHeN hgusing 2V 0vmash Q@oﬁb’?ﬁ@tmdnﬁymfésmﬂd an
st rengt heggdotign Yﬂétﬁ?h?ﬂ%ngrm(?é%gﬁ'eoﬁn P 983N94RL B2t 8f HOusRE A areh

203 in the curvature o
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



A typical secondary contai nnment housing is nade of several separate pieces
which are wel ded together at angled joints to formthe bengqy pQ &ﬂgoapusrng
Each joint is a point at which sufficient pressure from an exp?05|on coul d
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 mhrch may be torn apart from the pressure generated

by an explosion. An exp odeq Vi e f Cfor ioli.s ro an e 0

f houdieiletazcsouttanagteids i 102 187 BEIFend T e
embodi ”gﬁé 3@1 R 1Ste 304 20 WaRY S §§S§wdﬁrgfgﬁ:f@asqmwqozpreeaeberds' ng
200. Expl osron proo Tn h%us I hg has a g a second end whi ch éncl ose

f1 ow t ubecA@3Rilleddn 1088t will ridtizepthet eastem pmesrﬁﬂaraﬂdeﬁ%maveahsp hehaffikedst
endlsacastl e 303 that affixed to |fold 1102 on the inlet
si de of flGoRBE 8&56@1 HstE&f@dﬁﬁﬂoxréeramE% i"ng plate 304 that is
affixgd to mﬂn bossh @?Oa Bh?é@a%ﬂﬁﬁﬂséardmsoaahdvn kbcd@s aalfiszetiéhab2

al t hough one 3 spe e5|gn or an explosion proof housing is described,
there ar e.rvkm:hl mghemmm semd sigeshd haysing 8a0+ <Elréhbalf§@c=trﬁe I1@nd ubes.

For exanpl e ki | l ed r

expl osi (r)nr)F EHﬁ ;Q?eg{m?r%wﬁg c@@?&??é@l aé}? : r@&eﬁ’r&%gﬁg n90%3 9
the inl etse’t@;ﬁg%&deﬁ%mr&@ﬂr dscylifdridf2ncldsure whert the Beb Batfedictiens areast i ng
plate 303 an ate 304 are cast as part of manifolds 102 and 102

cast
However joioed. SHirst r@b‘gsaﬁtipnéi% ano\rsapoadhaéfesacrraﬂ J0%anengisgibant éﬂ@‘é@aand 304

Hous Sofb@s’g“’{“ ﬁg‘%sééoqﬁgtﬂﬁéﬁa r@%@f&o‘ggg% an %gggﬁd:i%ﬁ |on 302

whi ch ar%%dﬂﬂ@ﬂ&tm FEIMamdsI GBS, of housi ng 200. First half sectlon 301
and second half section 302 are section of curve betll\ﬁlr%en a first

edge 390 and zf'Gsé@dWéﬁtéaiQ?a a3partios qu*atemrprﬁ greaceia BalliSectignd t he two
hal f Secgr[a%‘@ogﬁrﬁ 101%' n qg@ % %%‘Al 8R tRO bulsl b URceneF Haklf sBegéhH ON

302 are u shape between a first end 393
and a se@ndraid MetlmumrnghTﬂwleerrbs)e@r‘b& may ad:tcars arshppomm:meam FI G

navitig anaisesian 30 arosibet e Bousine o Lot bEE e tuft < R RE0he Yefy
sect] on a3haiectBA 1 61502 Rive 3R rfdn%er]&]rfbsﬁm“! @eh the omtesuppor t

el ement I'n
circumference 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 enclase flow tubes 103A-103B, drivers 104, and sensors 105-105'
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




15 half section 301 or 302 of the housing. It should be noted that a half
section such as half section 301 or 302 may have any numbefq gfqidtpg0d010 on
the outer circunference of the half section. In order to facilitate the
joining of first half section 301 an econd half section 302, one section
may have a |ip 1001 (FIG 10) along each edge of a first 20 half section
301 and the other half section 302 of housing 200 may have a groove (not
shown) al ong each edge to receive a mated lip fromthe edges of the first

hal f  sepddupe thisopdrung th thé WRithdof thercondustdrss thet comdBoarsat B)-4ddoane hal f

section 302 e mjed around flow tub 103A and 1038 and wel ded t oget her
or affi xB’(H"qqistQﬂF@C} @lt%g?eWé' REnouging ﬁ@? gﬁﬁemaqqqs‘:’? MRIMFZ G |epn 19301 and
second h@*éniﬁ@é’cg'tﬁé c%ﬂ%ubﬁ:r;s?sstﬁ’??h?é’gfQrfebatrﬁrgﬂﬁh?}lr!‘i'%e BRITRgRGaf fixed to

casting plate 3 the tine the two sections are affixed to one another. A
second eambotiméent fed¢dthfolsrts 30% agdBChare devicad thal fit idlocepanings306ard so

Uibes 1000¢ BaBVent pereSdan eam ssenBiielonth sBeAlgs 3t A8 30718500, 30
Conduct Oéx?lééign p]rééihé‘u'"@fné%ﬁo_. PRSSAthPS QN 308 €RbEhRR® iAFIG Sesid Bog FIG 3)

and opening 307 to connec river 104 and sensors 105-105' to neter
el ect r ordliosy RadsCpkhitdsandd 1( hist passothiough Ppenings 3efi 28d B0fuAithgugh de a

| oni ot Araidy 208 ABLIGLAR aOgR 4 <206 WAt AL BRS04 BpERRIERIRTRR S on g

to the Willtdcainizdethaotithiplagemerit tf openths 806 ahiBOT7LN hausing R@piduadsl y

potted into the wall of housing 200. One nner of nim zi the opening
to the dehdmattarand are lefl lgse desigger @ééﬂfﬁ‘ﬁi@ﬁ?“lﬂﬁ‘?’@f{?@‘{ﬁ"@ gaaed\” enbodi nent ,

f eedt hr j | § 2h8t0; j de 5 307
o proveRETAR, SBEAEReh T EaKirSiant 3P did 30T icnReraEen HES TS

expl osi apdpleseribbdusiing. AAGddptedirayalgh be30@ vided fos fittinyg feedtircughs 808 309
allow | eads 110, 111 and 111' to pass through openings 306 and 307. Although

opening§n§@@9§ﬂ§’§0PRﬂWW%homn in case plates 303 and 304, one skilled in
Lcsny zo0 FIGSI0RTEIL RIS O OPEIERL!pRRERLLIMGRT CPROOR:
prd6f hthesspareafuntinfove taes 409AanubtiodBthabis eralaiad byighesBQREAENd 309 is
T ust rétasﬁiy id,BO'ﬂr(o;'?fdeé a sgace between the walis 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'.




and descri bed bel ow. An adaptor may al so be provided for fitting

feedt hroughs 308 and 309 into an opening. FIG 4 is a cros§1§6§,§$, 1Jho%i ew of
expl osi on proof housing 200. Cavity 400 is 15 the space aroun ow t ubes
103A and 103B that is enclosed by housing 200. Cavity 400 provi des a space
between the walls of expl osion proof housi ng 200 and the conmponents of flow

t nbly 10. Th t t th ts f b
PPl i o Lo hEFIRATYES GprRBGATHTETORP SRR ST BTETom CoF b (B = Pom
b 0
vol ati 1 6 RABLS B G VRIFELE QU B R MR, SIS Smen®)

vol ume ofnervbbad $02 SUBtAIHearecatapimedrinbirgenedatet mataighinis flow thhes mgaa

sufficient pressure that could cause a crack in vk%a%l of hou5|ﬁg 8
o der 1 oBTHUUSIRGSPOBN i Fierivai A 103t Paif (RRE TG 9%&%@@% bt on

fold f
25 P onnedid meded g By Hirlfk SRR S B AR oRReP 08l %'é‘ﬁ"’%&?%‘%

whi ch cafahge UBahram ©{Shelnan Fll@pll)tanﬂf&ﬁtétoéﬁnib@é?narfrcﬂn oputtputs Meedialltd
102'. In a “preferred enbodi nent, manifold 500 is cast as one piece during

manuf act arpmehﬂfbvbdaezrfo[dtﬂﬂﬁble ardd tocspiaset heS by @ sparer Ftackgrentanemeet ali ous
conponent mani f ol d 00.coul St _or con I t hen
assenbl e‘ﬁ(?"i'cg} o4 aﬁgemb@dég 8(55 IEBPQQF?%’I ? Wge %tﬁ %%Jcr%gducé ?@@ il érlPEggalgd 500
I's interghangeaby %e@ﬁb?f‘?ﬂ)ﬂ'lseﬂlusgﬁ@dfé)é g ck8dar RHg FRe @bt ahosaRKfIekdn 188"
However, separate mani de for inlét manifold 102 and for

out @t nanlufm)m&o];}ﬁe thhithhjgblaﬂae anmmwon mhiest catak the agamnf)smaceﬁdﬂﬁand

503 ffixed to flow tube 103A and F tal
el e or - Soms CoEHEs ARRHBN R AU XEANER P ML P00 408t BOATERY fer

receive 'ﬁ%bﬁ@\%c}d FefgllrFﬁ bl Fr{en@lca ﬂﬁ%p%&%yoiﬁ@%stje&?f’ma?‘%!dl%@

(Shown i W pa e manl connects tube 5

connect i thgs B@d@@§tf@ﬂuﬁ%r%ﬂdﬂnﬂdﬁltetéfﬁntdxptosﬁﬁﬁprdoﬂm:tdmg 1260 EDSorlshs
connected to a flange 101 or 101' (Shown in FIG 1) and recei veé
from or flavmeter ﬁat’élneaqasﬁrag of pRPINg plate l@@ﬁl'f‘cﬂ”é”%@ PQ0 #$9 yeau cer

106 y as cer at menber that is conflgured
}ite W 95853’5 o‘.%\mgﬁﬁkmrcg'é@g?pbghsgﬁﬁ%gm menber 501 is

I | lustrated aAnatrrérra@Maaane BOMERITERY 500, hogR ©dd bf Biss,i suchhes ABs 806, \iiHe

recogni ze that the shape member 401 nust match the shape of spacer 106.

Casti ng rmarmtmmthesamouagef olatesial rradss torst mﬁmfﬁ'%éoﬁoowﬁaﬁdv%e%mq xed
to 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)
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mani fold 500. In a preferred enbodi nent, casting plate 504 is cast with
mani fold 500 this reduces the nunber of welds to affix exp ' BREDS
housing 200 to Coriolis flowreter 5. The casting of casti ngP%Pg%r% EO4 in
mani fold 500 al so reduces the 15 nunber of welds in flowreter 5 which nust
be inspected. Another advantage of manifold 500, is the use of ribs, such as
ri bs 505. The ribs reduce the anount of material needed to cast nmanifold
500. This reduces the cost of manifold 500 as well_as the susceptibility of
mani f ol ¢ BRAtHrouch frlkdmaxolasionareos BeusiBAA0GA Iz S¢7 20D 84y pat h t hr ough

mani fold 500 FI1G. 6. 20 FIG 6 ill r at SESH E R niYd iV pedof

mani fol d 500 Fé(gofdlqutwée%ogﬁ waogtrh@rlﬁgl %nggéﬁﬁ{égéagar ri (lfas teriar thr ough
mani f ol WrRakthE08n am & 8k ipBiing obuaRobsf osedddtow feahhingide i s

di vi dedﬂioﬁtgggaﬁq?st %I ov(/ t%be path 601 and a second flow tube ,oath 602. The
m ni mal explogion grebbheudihg 200vbsiass thinughtthe RAFERG L@ CPNBRCE YR SlesHPRES) s

ided b i divid 604 [ i nl . 5 A i
D5l | oprans GRS P90 Mo AORoO e LBl sl o Rl oY 1o &
first ‘;T},g,‘{{,"sﬁg%rqg@éée el 3‘}\’}@1-;8 ESeeMies bf avedtnbaghatdn BR2fectiraughs 888 t he

probl e arge une that forns a pool prior to the divider
604. | f Jp@t 809 aludiSitad liIQWelG.t 8. pOrle, tediofsfeedthnonghf iowisplyni &0t SPlidan

drop the pressure of material flow . ng through flow tube 03A .
Af t gr rraogdw@torsémomcﬂerri@g it 8 walhal Sgp'ﬁétcw 8@9@9@&%@0%83&; ' Wf‘g%a@égpat h
602. flow tuhe .path 1 and. I ipani fol d
500 to 8¥V°Plfj‘ vﬁt%sow?? 38%5“01‘6%’%)3%3‘%?3’?%‘%?@%%%?%851)%ﬁ&f “/13"5‘83‘?&20 3I A
feqgt hr g\—w&s&%qmsqge'e%'ké)ﬁo@éiﬁ?&o e sioagd @00 ThEILGR of7a feedititough Gllows

0

il l'ustrates one enbodi eedt hrough 700 for fn proof housi ng

I ment of a [ ex IoFi,
200. Fedl bordighors 60 beshawnbpeaihitgraughtwhichgwia B RRRebL VAt mRISTE gan

expl osi on proof housi ng 0.to pass _thro ' i h
el ect r oRFEPSTRTHIGUEN -oépﬁﬁ%b?r&ﬁpsh%%ﬁténg&gg \%EW%U ﬂia‘r%ft(:ej gﬁﬁﬂlaéwtoﬁe seal

of expl %Raugﬁgeg%vé@ggﬁﬁé}gg 1 of SEfickrB.edgthTitocdxlathe! femeforheedebdmgh 700

are fee roug illustrated in FIG 3. One t%/pe of IZ gdthrough
i's si nMppyedent fpiticsodi the cutsiecenvimriment. aWhilgeiientpliowiag fegdthepak ﬁ d%i on

f housing. However, th | ng . of . | 90h
(edBr abBbepossaacapies e bhNehdY of arhab ] dCPaRizel by el ihaPnad, 10
houst nOcbRabodl SERKifla ThfcAenghetolesiiibalbs granr uddncaphiion: s o

&R PRrGUGR SWhich a Tl

be the y pat h ane or hot volatile material can
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
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escape from housi ng 200. Any ot her gaps between the feedthrough and the
walls of the housing provide a flame path of sufficient |e | the
flame or hot gas to prevent ignition of the outside envi roﬁgn}éﬁ?qs(?e\ﬁ??e t he
foll owi ng feedthough 700 is 15 given as an exanple, one skilled in the art
wi || recognize any opening that has conductors providing a sufficient flame
path ca ' f by % ReeSinenen® b Rfedifrtigher 2007 hd Bade BORT erred
exenpl afi?%ghnﬁggbmﬁo a?é%%%%roggjg 80 ins a cylindri caIg metallic menber that
fits inhas AbeBRRRI (Mot ShohnpS pleeaitpgoBEONOLCBOF 403 ehterncafpmgayhabés 20

303 and 304 of | osi f h [ 200. F t h h 7 i

Cyl 1 nor IREQbGBRRAETTESA Mdbas IO RAUARES RS EuHe BRLE 24k [Tieo Bigags

f eedt h 70 jondr i cal i f
Lhe i r OB EFeB8 o1 1 ASPPIRE e L e A B R oo . o

cyl 5ndr hgal pddRssctd®ntahineho sxtings of eagevaod. f Thedditing emateriabBOF fiterther 701.
Cylindrical boss 702 is fitted Into an 25 opening with mni malrtq?paci n
bet weenspane dietiesenfcartuchpentiy ndaldecotdiestorsididum dlamr et @ yi&dhdri cal

boss 702. \Wen f t hrough 700 is_insert in ) ni.ng :

ext endsf%PHFrH%@lht%ﬁg) 6%&{3?15”%(1‘8 mﬁ&on?g%rpsésgga%@nx%gﬁr{%ggﬂhgn\?@i i i
surroung, ning. Menber 701 is then welded or in sone other way

af fi xegge?%r%ﬂ@agﬁl adj acent to the opening. 30 FIG 8 illustrates_a cross
secti onal viRwedihrdueedt(frfits gho 26@peThieg 806$s thasiedowingamanneiy Mewear 20t he
conmponents of feedthrough 700. The first end of feedthough 700 ha

r et@sse@stsaonithe side Pﬁé’geé’y(@]bﬁ&% aa‘t‘laFgﬁglm s‘fﬁﬁsqgﬁﬂ'ri’%ﬁt Wh?’éﬂaﬁmﬁ&rﬁf August
2003 feedt.rk - i1899. The
base 83?0'}%&1};02‘%@&%‘?%@%8{ 28?6‘5 ﬁ%ﬁ%d gﬂ}plﬁuﬁﬁ?%hgﬁ%cﬁgﬁ%?ﬁég %%Bext end from
cavi ty B8ds 70herarobxichasapsiighathe opbaie. 8HAch Gead ingide the bousinglisithembut are

not [imted to leads 110, 111, and 111'_, A potefti n na%erial 804 _i.s then
[ 'nj ect caffixed i @ avndycla0B0dimariagdthraial 798 PRAJELIIF Al 3 PREVEGERDIGS of
base 802. The potting.aterjal i LI : i$s 803
o hol deeranRRBpLeadiy P gttt !d ' Bo® 9288t R S R aTSTa Fndie: “an

expd 0si noo EhAMeRes &P et BieetBhicare®@peni ng in  feedt hrough 700. Feedt hrough
700 fits into an oTpeni ng 800 in the fallow ng Menber 701 10 rests
* neforg Cogalis B : He1dp8RYde- 800 in expl osion proof

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.
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housi ng 200. Menmber 701 is welded or in sone other manner affixed to wall
811. Boss 702 then extends through the opening. Each | ead tp@@%%t§5@3
housing is then affixed to a conductor 803 in a feedthroug on a first
side of a conductor 803. A corresponding lead is then connected to a second
si de of each conductor 803 and is 15 also connected to neter el ectronics
20. A drive systemfor a Coriolis Flowreter- FIG 9 11. and 12. FIG 9
i|lustrates aMpgnet 893 iemsLbstandially Gyliedrical co2entlotavihe figst atst 8 serend

fl t : f d I di ' ' ' d
mgnet - 208e Mg ERETS ERPREIB Rt =ErRols MRt alnd Pashet J5 82 2p8ar  ve
systens pRygraeol8 disedifixeadoni 8tehbyuritickibfirigg fxiXeepk o0 Pigdcure usdgnet 200
of the present invention. Driver 104 has a nmagnet assenbly 910 and a coil

assenbl y9030n nBrorek etsseditlly 942t ddaigoett 3T Wpicallyhissd pejediot sbewensfixed e
magnet assenbly 910 d coil assenbl 920. . Brackets. 911 .are w ngs ich
o end ot SEFeNd PGk (e Teanetids BAtTY Is 2 SoBRSItERR) B bR e on 4
bottom s/ I ; a%‘ife‘ 103A 25 or 103B. The
curved e%fgj@agggs 8P§b¢]gj(r:'£%?§ﬁ%ﬁ ar érk‘,ﬁ}eﬁdnécik\ue ggg@gﬁ in sone other manner
af fixed to fl QuiltagsemniiQIRCaindiutiesBoilGle radicarbabdin 303, Coil@mbibid 865 is

flowreter 5. Magnet assenblé 910 has _a_nmagnet kee errvé_oz as afbase'. Bracket s
911 extaffiged tom brackes£1d; Hell bobRiyARP Nesepapoaloy OIvAINedram 8 iabSyiacext end

outward fr Qut er. s of S i net: I s 913
ond 014 AonpRaRRHE PSR WEInG, BRI Mot BBATEl SR 03 Unpdlitd
perqendirgdbakt 803t Bonbpdinesniicte®id lead00 Wdichlaghligs site208 g Magreets @03 i s
a substantirally cylindrical magnet havi ngaa first and a second end. Magnet

903 i s faait¥H.i hhe attermating curends capsp ok BBMANd Mragnahd§sde adirad aadirae!
t 903 ffixed. t f K 9
et ARAnSnRE e i CefsRySen Bt e T S0 SR B PR e A onbs ity ©

shown) akfdpesndPed its second side. The magnet pole (not shown) is a cap
the is fitted to the second end of nmagnet 903 to direct the nmagnetic fields
into coil 9041Gdillillastsatelslacro20seaticine esarwientignal cod habbivi 1 0bowHEmMe0's5.

Coi,l_ bobbi n

or 6 udTRLTSRS 501 PPEPINI (RS PR cdmdC R R FoRBatE 'R it 2830z | <
mount ed £Qyin G dIidRRRIf $29:RPBASH BE aluminum. FIG. 12 illustrates an alternative coll
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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10 magnet 903. Coil 904 is connected to | ead 110 which applies alternating
currents to coil 904. The alternating currents cause coil 904 Vé%{gg Gegnet
903 to attract and repel one another which in turn causes %es 103A
and 103B to oscillate in opposition Lé) one another. FIG 11 illustrates a
cross section of a conventional coil bobbin 1105 which may 15 be used as
coi | bobRAR p%";c ﬁﬁéngG 9.). Conventional coil bobbin 1005 is nachi ned.
froma soll 8 a

r a material such as alum num FIG %2 i1l s%e an
al ternative cdilA Guishisflovrostaria) hasipdodt laasipngflewty BJBQ?# )(tBETEISFI G
i s al § bt st g e sl Fodnainthies Bafd aPast brblidPrlael | O

This all & ave |gn SS nass

convent i nﬁéA%'a *?@btyrateléé!a atzéas:rtrmaanweube(wmmsn)t senscmrrs (406405 i s
fl owmet e avi ng n expl osi on proof  housin

IS énvisiq e t hat ose
fskl |l ed affixedrto saithablegshione flpsstue GI03A- 68333/8'—' fﬁ%‘%% %! Cﬁéé’éf? ngs
fort A1 nat lest PR HEWuRe (1A D036 P el 0o BRVEPSPERR Q%ﬁ@ﬁ%?“@s e

quu' Va' e8iig- atlﬁaétjon‘élmftué’@%o:ﬁ-mf | ) wisereirasaidsdénsord trassaot infdrimation
t 5 t t t 103A-.1038
s senper st opuBen A A R0 A, o
fl tub 38
aw tu §%@éqg@a §P§§pf5tqg§§f 8% flo ueeezﬁohﬂamaaamehé&éwvstam;émswa ).

sensors I'east one flaw tube (103A-1038) to
neasur e @9 diretisoafioafofyaaterial attolwd;tat lﬁ&tbhe\ﬂouubkbe(ﬂw-lﬁégj aresponsi ve

(ToBh Loaejetmenta (Lad basiedasan PaRereRd PhFgR e oy BN Lid1coa-
osci | | 2l o yifh BhidFhG UF ARbteial fillin o8 et oA oltdbe 1003AABBed 1 o

an inlet of sal ast one ow tube (103A-1038) wherein said inlet
mani f ol dntd 4 @@hndctedaipeling; said fowmeter chardoierizashhbyl at | east one fl ow tube

103A- 1038 10 I i fol d f d
G Ieast one 1 g¥pleabe RresbRousBsekZoR) SatiaBind &4 #tfedth ¥ b s8be °;r2%'

d at S{195-¢05 d
fS ?l)wrr:t e(lr1 9§§g1r%e%%%ﬁ%%y§%£gggg?gﬁ éiltéggﬂ ﬁgum E%‘é %;;igremgssall ngl sai d

at 1&astemﬁmnﬁm pvmfdtﬁms:r(gmz;}ﬂ)mgg)aptg;:étcucmtamn &8 d said
sensors rﬁ%toe%a mtéd insigé 'sglf gkglosron 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



15 expl osi on proof housing (200) is adapted to contain an expl osion of
volatile material ignited inside said explosion proof housLﬂgNﬂﬁgtﬂﬂgyent
sparks and high tenperatures inside said explosion proof housing from
igniting volatile material outside sai d housing and wherein said

expl osi on proof housing (200) includes: a first end affixed to said inlet
mani fol d; 20 a second end affixed, to said outlet manifold to encl ose said

at |east one f/aw.; ' rhdsh AR § @itz ntlesigip &al coeintR (et e peRiReieh
caid firopeing %X'é%%ﬂ?%ﬁ%‘t o sai d expl osi on proof housing (200)
wher ei n gatabisglistraridibkglosicshafeed NOBERE-i s defined as an arch between said
first end and said second end of said 25 expl osion proof housing to
distribute stress applied to said expl osi onrﬁt-)lrgof housi ng.. (200) over said
arch. 2. The Gorfies Corfolisfmeireetef $5) of claim2iinel FPRE SBhpri sing: a first

conductor (110) hayi 3%538{9'*& Ei}hg.{]ﬂaﬁ?%é 89irkOersbentEdted 16 waldesenddr@4)

I nsi de said eﬁEF’B@‘#(‘} and having a second end,,conngected
to neter @lLqhEIHhsige @M epplosiotepmal BousPLIOIGA 59copd e LIPSO S o

| east 307 i d | Qs i h  whi ch
52?3 f??megggigggpgicq pb,)rt]o gglggggtx ﬁgﬁ%ﬂsﬁﬁbsrﬁ%% sBR&SsTE062QUB) ohenggh  whic

sal d expl osi,on gqr of hog%lsng
(200)f. toﬂ_fé{éls'é%ggﬁwg @00 Whk&In aaagiadmmm@qmﬁ)('l\ﬂﬂe’r%‘l hP3 doa't INSiEfs
one 11 August 3 16 openin rovi des a. t | e &AL
engt i ¢ sakcatpibmonyupal hpesaa e AULHOS saickpRMg SRR ARt/ ueng (o

housi ng. The Lol:ts flowreter (5) of claim2 further conprising: second
conduct o?é'e@f??pgold’lde)%ﬂf\gvi ng a first end connected to said sensors

(105-105") inside said explosion proof housing and a second end connected to

said neter elecgironjcs,.(20 g;\;ngm S hsr k6 @itrisiicoa Sestflovstube
(105-105") to%sa W%%Ié%o@rﬁ%e% I CS i%'ﬁ'gl)‘l?fuﬁberei ?ﬁé?l (ﬁpﬁgmﬁonduct ors
(111- 111@039@8@& BoyBdong fitay tukes O G38)1 888 syheselbLFIASNS AYHS ’de said

expl osi oh proof housing through said at |east one opening. 4. The Coriolis
f 1 owret efORPNISEE: claim 1 further conpri si nig a first flow tube Iil(1103A) and a

second f1ow t yhanfet@3BhingBbOMfer miceidag a flaw of MAIARAITAM@BPFINEonpr i ses:
5 a first outlet (601) that provides a first flow fromn said inlet opening to said

first flow tube,

a second outlet (602) that provides a second flow from said inlet opening {o

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

10 from said inlet opening into said first flow and said sscond flow, wherein salq
divider (604) is prmﬁimate 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
and a second half section

hausing (200} is divided into a first half section (301)
rst end and sald second end

(302) divided along a longitudinal axis between said fi

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);



an inlet opening (600) for receiving a flow of material froma pipeline; 5 a
first outlet (601) that provides a first flow fromsaid inlgtsQRRPbEES tO
said first flow tube; a second outlet (602) that provides a second flaw
fromsaid inlet opening to said seco flaw tube; and a divider (604)

proxi mate said inlet opening (600) which divides said flow 10 fromsaid
inlet opening into said first flow and said second flow, wherein said

divider (604) is proximate said inlet opening to mnimze. the yol une_in a
flow path int@tleapbonamaniieirrbetopeningdaisdid ﬁlfSétSUB‘EEﬁm@atdo sk aadd®eddi es

in sai.d f aid

expl odio %rotggt C-ﬁrougﬁggéa?égg?{'{@%w e%aﬁ%ﬂ#ée%tﬁn&ﬁfa% 'section (301)
and a second hsdid fisstairidoof s4i3@Xplakion peskfHaring (200)ds affiiethic said firdtet ween
said first end nd_cigl d second end of sai d expl osion proof housing (200)
wher ei n s i Ist c3stRg §t8nd said 5 second half section are affixed
to one another and to said inlet manifold and said outlet nmanifold at
assenbly time to enclose said at | east one flow tube. 6. The Coriolis
flowreter (5) 70f The &orios fowreeter$3) of ¢laliretd wherdinisdid cothgtmarifold 41027 st
casting plate, 8303) of said inlet manifold that has a first surface (305);
11 AugusiCOTRHSeE7 at | east one manifol d outlet opening in said f| rst surface
of said firstg feh@b t id al Ld at

| east one fl ow tu nglgcasghgéﬂ% 4?%2% salrﬂafe’@{ﬁgglggﬁé%rgo éﬁg?ng
(200) is affiatkasboneaimamifeldtnliet apéaing 61073&1 gaifi frrst surfacd n@sq]daseeond The

comPi scc BT i keBnafishah Sull bRl ol AtbasTila fo¥abediand,as

first surf acesafdaéecbﬁa%noo@ﬁsé@@x mg?oh PresT R & ARFBREH tb BaRpfidt {1 st
surface of said second castin p&{p ate that connects said outlet manifold

to said wrfamﬁsam@ewnmaabeg & toenialpssesdid @tderstaineasiow el osi on proof
housing is affixed to said first surface of said second casting plate to
encl ose said at |east one flow tube.





