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at the resonance frequency. For example, the drive signal may be a periodic electrical

25  current transmitted to the coil. A pick-off detects the frequency of vibration of the one
or more conduits and generates a sinusoidal pick-off signal representative of the motion
of the flow tube, including the frequency of vibration of the flow tube. The sinusoidal
pick-off signal is transmitted to the one or more electronics and used by the one or more
electronics to determine the frequency at which the one or more conduits vibrate. If the

30  one or more conduits are vibrating at the resonance frequency, the electronics may use
the pick-off signal to determine the density of the substance within the tube. If the one

or more conduits are vibrating at a non-resonance frequency, the electronics may adjust
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have been required for the detection of the presence of flow, detection of the direction of
flow, and the determination of the mass flow rate of the substance,
The present invention is directed to overcoming this and other disadvantages

25  inherent in prior art densitometers.

SUMMARY OF THE INVENTION

The scope of the present invention is defined solely by the appended claims, and

is not affected to any degree by the statements within this summary.
30 In one embodiment of the present invention, a flow device includes at least one
conduit, a pick-off, a drive, and one or more electronics. The pick-off provides a pick-

off signal for measuring motion of the at least one conduit. The drive reccives a first
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frequency detected by the pick-off. I n anot her enbodi nent of
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si gnal to flivbd@tie iatludes the steps of using a drive that receives a first signal for vibrating at
least one conduit at a resonance frequency and that receives a second signal for
25  vibrating the at least one conduit at a frequency that is different than the resonance
frequency at least one conduit, using a pick-off that provides a pick-off signal for
measuring motion of the at least one conduit, and using one or more electronics to
generate the first and second signals, receive the pick-off signal from the pick-off, and
measure changes in the time shift between the second signal frequency applied by the

30  drive and the second signal frequency detected by the pick-off.



10 | east one conduit at a resonance frequency, using a pick-off that
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15  conduit,

ASPECTS

According to one aspect of the present invention, a flow device comprises:

at least one conduit;

20 a pick-off providing a pick-off signal for measuring motion of the at least one
conduit;

a drive that receives a first signal for vibrating the at least one conduit at a
resonance frequency and that receives a second signal for vibrating the at least one
conduit at a frequency that is different than the resonance frequency; and

25 one or more ¢electronics that generate the first and second signals, receive the
pick-off signal from the pick-off, and measure changes in the time shift between the
second signal frequency applied by the drive and the second signal frequency detected
by the pick-off.

Preferably, the one or more electronics measures changes in the time shift to

30  determine whether a substance is flowing within the at least one conduit.

Preferably, the one or more electronics measures changes in the time shift to

determine a direction at which a substance is flowing within the at least one conduit.
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5and t he anot her pick-off are functioning properly. According to
anot her aspect of the present invention, a flow device conprises: at
| east one conduit; a pick-off providing a first pick-off si792nal

for measurVYRGRHHSA of the at |east one conduit; 10a dGHESQTAY)

that alternates between receiving a drive signal (155) to vibrate the
at |east one cqngfeidbly #2nedk rfork %&eﬂ@:ﬂgsemfaésﬁﬁee%ﬁgﬁ/%e@mﬂthert% Qi a

second pick-off signal (145) for neasuring notion of the at |east one
condui t ; adntermine the gres dewrate of e lselitansa flowingheithindeestveast pre ¢ondsit. and

second pi ck- of f, _si | 5. f&0om,ih i ck-of f and t dri,ve..and genper ate
The ari ve.si gndretaBl, eSS HEE RufiS; oA wldtiesicnsfr Spprstr B Rb &
measur es chargestionick RRafiiréEchahidstin ke e SHiffitd etdReihb Qhethes te kN6
is flowng within the at | east one conduit. Pref erably, when
the oné orangddheanatics Picnefe arefupeignés ITAR¥les in the time shift to
~determne a dir i t i i ] f LRl . al

| east one condlﬁé ct%.h}d r @earrl %@%ﬂ%@ﬁ@%ﬁ%@? 5@%%&‘%@8%&@%&
measur es changesleast dibbeofidui® shift 20 to determ ne the mass flow rate
of a substance flowipg wi.thin fthe at | east. one conduit.,

Preferably, thé o0 BERH GBE I iRisk-of6 figPrifeE mapd g mgsiogief gigat least
wher ei n tgﬁﬁe%ﬁdlﬂf more el ectronics neasures changes in the tinme
shift to determ né whether the pick-off and the another pick-off are
functiléni ng pr apkevey14Prtiedt altalnbies béterebh covetteng acdriemigriab (1 56p tpvibsestha

switch, wherein: 25when the switch is.in a first cqnfiguratjan the
i ve. T ecdt Rt (o GoRIbE 28] PSRBT BRSSO aui
at the re%?@ﬁ[‘fl%j R WBSGIg ABSon of the WBA bR€cshdultCdhd S TN @ second
configuration the one or notre el ectronics recel ve the second pick-off

si gnal from t henepi wnerepélekrapics that receive the fifst efideseabhd/picktodisigiads Sonttloh
isinthe firs itjon, the second.pick-off signal is 30 not

recei ved tﬂ}dﬁ@aﬁ‘%gjecﬂrwﬁﬁpé_gg?e&??[?)%@rgvse.S_]gna{' Preferably, when the
swi tchsis in tipeefsRBBNIhEPHictdnedr niohe bt MBcsSheiiates cBarpes inf 186 Sineaditby

t he drive.
to determine whether a substance is flowing within the at least one conduit.

Preferably, when the one or more electronics measures changes in the time shift
to determine a direction at which a substance is flowing within the at least one conduit.
Preferably, when the one or more electronics measures changes in the time shift
20  to determine the mass flow rate of a substance flowing within the at least one conduit.
Preferably, the flow device further comprises another pick-off wherein the one or
more electronics measures changes in the time shift to determine whether the pick-off
and the another pick-off are functioning properly.
Preferably the flow device further comprises a switch, wherein:
25 when the switch is in a first configuration the drive receives the drive signal and
vibrates the at least one conduit at the resonance frequency; and
when the switch is in a second configuration the one or more elecironics receive
the second pick-off signal from the drive pick-off.
Preferably, when the switch is in the first position, the second pick-off signal is
30 notrecetved by the one or more electronics.
Preferably, when the switch is in the second position, the drive signal is not

received by the drive.



WO 2009/ 048457PCT/ US2007/ 080722 According to anot her aspect of the
present invention, a flow device conprises: at |east one conduit;
a pick-off_provi d| n? a pick-off signal for neasuring notions of
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measures cdpafgies in the time shift to determ ne whether a substance
is flow ng within the at | east one conduit. According to

anot her> aspect adiﬁ‘fteﬁ@atﬁ?@@@ﬁﬁ drive sisnplda vibiatgwhea deabonesisadnit PRy a
fl ow devi teps of: 15using a drive that receives a
first S|g(r:1r§?0%%or Vi a{){]%&&at | east one conduit at a resonance

frequency and tdnatbr npeetlvesonicssRarderaleghadriveignal, iicadrinitg 4 hedasf
| east one conduit  at a frequency . that is different than the resonance
frequency ‘dprafienef thael ce%fr?a&ictm uit, and cquapargthg dsteamingd madsf vireandes

a pick-of f,signale F&éreﬁ@ealﬁ&}éés%V@ﬁﬁmo(afeteﬁgﬁ‘le%hek tsu%cggﬁn@ecoﬁ én

and 20u3|ng one or nore electronics to generate t |rst an
si gnalld), rteeefleast bhecgidokt- of f signal fromthe pick-off, and measure

changes in the ¢ hlft bet ween t he second 5| uency l'ied
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shift to 25determ ne whether a substance is flowng wthin the at
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changes | rho hgewcen(?ompr}lb& the 3 steps of:

15 using a drive that receives a first signal for vibrating at least one conduit at a
resonance frequency and that receives a second signal for vibrating the at least one
conduit at a frequency that is different than the resonance frequency at least one conduit;

using a pick-off that provides a pick-off signal for measuring motion of the at
least one conduit; and

20 using one or more electronics to generate the first and second signals, receive the
pick-off signal from the pick-off, and measure changes in the time shift between the
second signal frequency applied by the drive and the second signal frequency detected
by the pick-off.

Preferably, the one or more electronics measures changes in the time shift to

25  determine whether a substance is flowing within the at least one conduit.

Preferably, the one or more electronics measures changes in the time shift to
determine a direction at which a substance is flowing within the at least one conduit.

Preferably, the one or more electronics measures changes in the time shift to

determine the mass flow rate of a substance flowing within the at least one conduit.



determ ne a direction at which a substance is flowng within the at
| east one conduit. Preferably, the one or nore el ectronics nmeasures
changes in the tine shift to determne the mass flowrate of a
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of : Usbplya drive that alternates between receiving a drive
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| east one f?c%gé'wée co]nQ r?scé’ﬂmc%tcﬁ%?f} off that provides a first pick-off

signal for measuri e at | east one conduit; and

using one or mﬂﬂ‘sﬂﬁg%]cﬁﬁiertmlaﬁérnhﬂéélbeMQ@fééewiﬂg&i drivesdigran tb wBRe Wl lcast
pi ck-of f signals fromthe pick-off and the drive and generate the

drive si gridic.copgut %trad‘swanqerifécq@ﬁ@ywdm‘éd@g@@@?m rigk-pid signaller
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nor e dlfect r oni asingegsck-eff tieh argyédes iarfirstyck-offignbl fot nteasudingendtionefahe
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condui t . & ongIcondYIRANGne or nore el ectroni cs neasures changes in
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Preferably, the one or more electronics measures changes in the time shift to

15  determine whether a substance is flowing within the at least one conduit.

Preferably, the one or more electronics measures changes in the time shift to
determine a direction at which a substance is flowing within the at least one conduit.

Preferably, the one or more electronics measures changes in the time shift to
determine the mass flow rate of a substance flowing within the at least one conduit.

20 Preferably, the method for operating a flow device further comprises the step of
using another pick-off wherein the one or more electronics measures changes in the time
shift to determine whether the pick-off and the another pick-off are functioning
properly.

Preferably, the method for operating a flow device further comprises the step of

25  using a switch, wherein:

when the switch is in a first configuration the drive receives the drive signal and
vibrates the at least one conduit at the resonance frequency; and

when the switch is in a second configuration the one or more electronics receive
the second pick-off signal from the drive pick-off.

30 Preferably, when the switch is in the first position, the second pick-off signal is

not received by the one or more electronics.



usi ng anot her pick-off wherein the one or nore el ectronics neasures
changes in the tinme shift to determ ne whether the pick-off and the

anot her pick-off are functioning properly. Pr ef er abl %/;7 t he
met hod f or WOFAPAM G a flow device further conprises t KETASEY 4§78
using a swi tch, wherein: when the switch is in a first

configuration tihgfethbiy heR GR MERKLOH tHE katdnd bedBn, MW@l dobe at
| east one conduit at the resonance frequency; and when t he

switch is Teeeigeddeibadriveonfi gurati on the one or nore el ectronics

recei ve the secpn i ck-of Lagnal Jfromthe. drive pick-off. .
Sopr ef or ably VRS PHESRotieh PR P eud Pt tobonerminer
pi ck-of f sfighdévitScomiriseearisupd oy the one or nore el ectronics. WO
2009/ 048457PCT/ US2007/ 080722 . Preferably, when the switch is in
t he sedond posiuing,drivedhaireagives pgrine sigaalipvibrete af lvay opg coniitptpye.
Accordi ng . ] ect of the present invention, a nethod for
operating %&F?Q%%g@f}c conprises the steps of: 5using a drive that
receives a dri weingiagiek-offohat iphivades agtick-efsignalnfer aeadiving nadtiods of the at
resonance frequency,; . using a pick-off that provides a pick-off
signal forlc3E888595iAd ons of the at |east one conduit: and using
one or more el GehbaRk 65 moRRioARAT A geftiallithd i SRR, dolBhFIcN £
node of 10 vi brat ?on 0 ltﬁégégt egst g%e %onﬁﬁ], a ’cdg%%arg t1ﬂ§d@o
det er nidned/ibretien of the nbieatt iooa comudnadorommrethe @b ereined ndde$ vibtation to

vi bration to determ.ne whet her .a. substance is fl.ow ng in the, | east
one condui 18 O More IGEHERGSTRAGKS of VhERKSRAS AP orpiie "eheker A shirichisia B8 n
changes i npd Bgedst BB &dlift, t 0 determ ne whether a substance is flow ng

within the at | east one conduit. 15
Preferably, the one or more electronics measures changes in the time shift to

determine whether a substance is flowing within the at least one conduit.
15
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a densitometer according to an embodiment of the present
invention.
Figure 2 depicts a chart showing the time shift between a second frequency
20  applied by a drive and detected by a pick-off as a function of flow.
Figure 3 depicts a densitometer according to an embodiment of the present
invention showing a switch in a first configuration,
Figure 4 depicts a densitometer according to an embodiment of the present
invention showing a switch in a second configuration.
25
DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 depicts a densitometer 10 according to an embodiment of the present
invention. As shown therein, the densitometer 10 is provided with conduits 20, a pick-
off 30, a drive 40, and one or more electronics 50. Ends 21, 22 of the conduits 20 are

30  connected to inlets 60 and outlets 70, respectively.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts a
densitonmeter according to an enbodi nent of the present invention.
Figure 2 depicts a chart showing the tine shift between a second

frequency YO AFHPEA by a drive and detected by a pi ck-F&fUS3W7/480722

function of flow Figure 3 depicts a densitoneter according to
an enbodi ment qf tﬁ@&e%n@&%&dﬂﬁ%ﬁﬁﬂ{e' QRIFROY 2 pAoviNddwith géheé’allfy's&%fght
configuration. Figure 4 depicts a densitoneter according to an

enbodi nentshepest h@v@»ree,sthmondweaﬁ ey belpoavideyl witks wihershapes, aucheasdhahapes

depi cts o Gamee{ioER 150 400BPAMNDe SYIUTIAdONERTOR 4 P e
i nvent i on. subsaSdanal Edissréien, lidufe a%@ﬂ%lshf?ﬂehgﬁs 1d/osa BE1RY I TiRGubbthdte is

conduits 20, a_pick-off 30, a drive 40, and one or nore el ectronics

50. Ends zmlmzllbmttqd@cqs!dndhﬁ gondpits 20 waJoviskateed, dlewsdhionplethe oawtlaﬁaﬁ,
outlets 70 nd e%ﬁggw con uiys aéﬁQnggtg/ @4%é g;l;/l US2Q I?tél(r)l\%ott?'%ﬂoné }el? aP}Uy

t he pr esene’ti e condur t are ’O\]}IC

strai ght sdiriedsn of\w@mmance ey GRrektried s3Ghaliyis berodaead mcthwc@dauag ber
shapes, such as U shapes or |rregul ar shapes. The conduits 20 define

cavi ties 232 thsroutlels g0y flpws thrayghst %ﬁ%’éﬂcsﬂ%a%ftsélﬁt@ﬂﬁws vig ihsy inkeés 6.
| d, |
normat 1y i ot rod e Dettiiohetdt 193 ensBIE Ui oBiBGe Lb B M IOAAPF Brdibh the

t hr oudl® t heavitp@3 bf the cBduinid. exd the sitheincoiydviiltis thel avithe3 até bﬁé Gr 116k
e flow direction of

Al i ,
s uﬁg_{ Qﬁf:{eveﬁ%eirosgﬂ of senacirs taval gﬁni% e By 4Q oM IS o3 s
20 via th%eéaﬁa{@tﬁe {8nc S)f l@%lst&e nS| ?Qﬁ:cﬁﬁi’ﬁfe Eohod at whidH 1 ﬁﬁh%ﬁew&]rs

conduits via the Tl 60. The onet er neasures t ensity
of a substvanezeacasrdlmg Ifol thwéextsfrty@tﬁgfe subgark® floawing withh thé cahy. ciweick:-off

20. As the subs ce is wt hec Vi t he one. or e

el ect roni A0 et Betenty pEVErRRE 404 gl o @O Fo it the one or
vi brat|gs there@RREUIS5E0TRS ot S198SRRANCHOAIEE SV BNE Yhis HofittPnAE privide
the particular frequency at which resonance occurs varies according

to the derib¢ appropriaihdrieatignad aé éo fhe@lmvndO\spthﬂt thetdeadeits 40 yibrafras a

b ok-of SRR bRB o el M BhL0 R B0e! FRETAS,

nore el ectcoafiig205>THesREsityhd3hé AiREABE WikinttBe SuT@Mitd 20 fae be@efeanicat e
drive signal 55 to the drive 40 so that the conduits 20 vibrate at a

r esonance 2F¢Edinete hedhlowingsqudialeasure the density of the substance
flow in the conduits 20. The density of the substance within the
conduits 20 nmay be determ ned according to the foll ow ng equation:

D=Ko+K;xt+K,; x7°

Where
D is the density (kg/m°)

25 KO0, K1 and K2 are instrument calibration factors, and
T is instrument time period (s).

While vibrating densitometers have been used satisfactorily for years to measure
the density of substances, heretofore, vibrating densitometers with a single drive and a
30 single pick-off have been unable to detect the presence of flow. Accordingly, in the
embodiment depicted in FIG. 1, the one or more electronics 50 are configured to apply
two different signals 55, 56 to the drive 40. A first signal 55 corresponds to a drive

signal and is used by the drive 40 to vibrate the conduits 20 at a resonance frequency. A
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20 D= Ko + KL x -c + 1(2 x -c2 Were Dis the density (kg/n8) 25 KO
Kl and K2 are instalnent calibration factors, and is instrunent tine
period (u % Wil e vibrating densMometers have been used

sati sfact oMPX G ears to measure the density of subdCAAERY7/080722
heretofore, vibrating densitoneters with a single drive and a 30

singl e pi cleofd 51€I?ae§6 l?seeQEb #Ralliged @ tHelS 40, hﬂw‘%@&ﬁf‘s‘f@na‘?% Eﬁl%\% the

Accordingly, in enbodi nent depicted 1n FIG the  one or
el ectroni od;n@moetpeﬂhmﬂefthegcmlddltsbo atpqocﬂlﬁfetenbfrdcufehey é]nn thes Igsmiaacesﬁeqlﬁﬁcy.

S Used byl TaEeaees Sighe SRR seeand Renls Rauiutol aided sttt
frequency. apﬁhe 20R124846 1RCHhMSZ0// 080722 second signal 56 is

also transmtted to the drive 40. The second signal 56 causes the
drive 40 to vi bihgttine shéft betwean the p@uancyaofdhe fiest signaliSSegnbedcly thiaanive he

resonance ngy. The e nci e e f| st ..an cond si.gnal s
55 °5e oy LEGE RaychiEoh b HTATREEs T hertdlfp on bR i 35 M R
condui ts 2w end tirfi®stifitkiwdatinereqichey 61 tBEv@RaY sighalt eupblieSby the
signal 55 applled by the drive 40 and the frequency of the first

si gnal 55 dblecdrand ﬂwfr%@n@i eliche sgcond siggalsyG derecr«?@dwg-hc pw&ﬁﬁ%@ varfage
|
time shift g&lgﬁ%etg Jﬁr& E&QB?&%%PQ{%&CQ%&%? %ﬁdﬁﬁ@@ﬁgﬂﬁ?&zﬁéﬁ bl?YS

the drive 4 equency o e secon signa

t he pildk- gioksiBR tv deteetthapesendt g flow, tHealidetbiton dfaflogv, @hd tHremsds iRbmareeof
Wi thin the conduits 20. In this manner, it is 10 possibleto det ect
the preserd ‘é“‘@’lstaPF‘bw the direction of flow, and the mass flow rate

of the subst angﬁt ﬁé&f Aille, it s %ncé@ﬁhﬁlfﬁé&ﬁgl'ﬁﬁs b fstzﬂ tha tﬁé)gf‘w%lgﬁal

20 is water an 55 causes drive 4 to vi
t he conduiXSsca@esdle mveeﬂttibnanmaiferthq canioyts zmamnsfrgm&hcﬁ 6A tshadind

causes the.co ,ts 20 t at freu | fferen
Chan the sisirbabfansirelnemhtage ulere fo Frwtrnr Opc & diffrnedh e
tinme i ftreRALNERRAUEAS was added to the first signal 55. The time shift between the
frequency of the second signal 56 applied by the drive 40 and the frequency of the
second signal 56 detected by the pick-off 30 is shown as a function of flow on the chart
depicted in FIG. 2.
In FIG. 2, the lower curve is the actual mass flow rate of the water through the
20  cavity 23 of the conduits 20. The upper curve shown in FIG. 2 is the detected flow rate
produced as a function of the time shift of the frequency induced transmission of the
second signal 56 to the drive 40. Accordingly, through transmission of a second signal
56 it 1s possible to determine the presence of flow and the mass flow rate as a function
of the changes in the time shift. In FIG. 2, had the flow of the water been in a reverse
25  direction, the upper curve would be inverted. Accordingly, in addition to detecting the
presence of flow and the mass flow rate, it is also possible to detect flow direction using
the device shown in FIG. 1.
FIGS. 3 and 4 depict another embodiment of the present invention that allows for
the detection of the presence of flow, the direction of flow, and the mass flow rate of a
30 substance. Asshown therein, a densitometer 110 is provided with conduits 120, a pick-
off 130, a drive 140, one or more electronics 150 and a switch 160. Ends 121, 122 of

the conduits 20 are connccted to an inlet 160 and an outlet 170, respectively.
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frequency of the second signal 56 applied by the drive 40 and the
frequency of the second signal 56 detected by the pick-off 30 IS
shown as a function of flow on the chart depicted in FIG 2. In FIG

2, the Iom)é’l‘”&??r“\f%‘“?s the actual mass flow rate of the P\ﬁ&f‘@’““ﬁﬂ?“&ﬁgh
the 20 cavity 23 of the conduits 20. The upper curve shown in FIG 2
is the detectednpihOMhbRlifeRAFCGSD afd & tha!BGld IO Bheddr8 a§h'&lﬁv§?icﬂoff?f
the frequency induced transm ssion of the second signal 56 to the '
drive 40. Acwodidp byone aSpmt@ﬁéw nrmnfsmls@ilmﬁutoﬂheairlyeééwndlbsatgh@b coBluits
i s possiblgto. determ ese W,

as BT unct PR eooRaRie eal s (SRR Rambir B o A fTRS R RO
flow of thaevater4beasct fhe&rehﬁ&ﬁ;&%@w%mlth@%ﬂd@ﬂs 1201@ibkheR eA dedhtatRously,
woul d be inverted. Accordingly, in addition to detecting the presence
of flow arfnce Hee gonduits | 28 gre Fibgatingrat MES@Il%lwerf@gBﬁlWethﬁbW@l]éF@fétnUﬁI ow
direction t
anot ner _ertga e it st Ry ACMIn Bbiektn Bitne pheenda b BBt Sk

det ection @fvetsigelaprﬁst@nﬁed@&e f400 W cdohdingli/riaahd prascnt elhb@&imeﬁndletdrefe
mass flow rate of a 30 substance. As shown therein, a densi t onet er

110 is pro\A0Jesy dfornate Befwgrn Anebening aps drveand fuagioningasiapickall, one
or nmore el ectr o &8wh3f) F?d?g0?%@%,%@%&%%71&@9?1o%%&uggsgafsv@gcg 8. When

conduits 20 are connected and an ou

r espechli vehy switdh 60009 0 figA dFtRFARBRH0IB1 [ SHRNVAAR FIG. 3, therdtiveesigmdd ddb ient
of FIGS. 3 and.4,, the drive 140 functi.ons..as a drive f

Accor di ng Fasiftedfega the e of morp pleckopiceti9daithredtive e Vécﬁﬁw%e gych is

vibrates e oo edkalodl o2 SKRORAREE 41 { BAKSAENenaf T80 Ll AGfkg

anot her aspect of the present e rive 140 detects the

f requency foam i drtvet 14€ te Brechmietos k@ electporatsel SOAantdaysn Las Ity ccﬁadmtselm
the conduits ézq ar vi‘brati E‘% at a resonance frle uenCﬁ5 t hey
continue WHYAH ““t*’ﬂFaélCF guiiteytnp Gre QLR S Fhroaira PH’*‘F%"GWH
absenqgg offirktack-bEREMaB 53 PRoRhHidkiETT 480 ¥ $kaaad pfbﬁ%ff Aot @48 oM LdrkAD .
Accordingly, in the present enbodinment, the drive 140 nay alternate

bet ween f Ud8t Thaiongormoee eedtipaios g0 fam then owapige the timpslft-between Abe

oo b e e R OB ST b PBI B, 120

3, the drideersirgat pﬂe5é1ces>fﬂbarmamtmé@dssfﬂmdté)e one or nmor e
el ectronics 150 to the drive 140. Wien the switch is in a se

ond

confi guration rdSioughtimembedimens shova igiFaRSof andst doniet alwatdlslm which is
| 0.

tr a”S?ongl Wnfi iR %@ﬁlag{hg\éi?ﬁtvé‘i%%%ﬂ%rb%g% BcteQl re@?ﬁ(@g% GRE'sHNaf P55l

Accor e con a resorrance
frequency, vﬁm’ate thanat least ome eondhizd 26 aha ceSoridn0e fraquaneja end/proaidhitd 4 sexbnd

Ehgkf (r)]:)];n 33:1(%,%& si]g%gl 1f4r5°fT} &egsifxrlgfgﬁno]f%g ) rﬁje ae% lf.esaes"tC (())nrcladco EIL%t( 1t0 1fs fw1t 119 %%l
scope of the present invention to use alternative arrangements. By way of example, and
not limitation, in alternative embodiments the one or more electronics 150 may be

25  configured or programmed to apply the drive signal 155 at intermittent intervals such
that the drive 140 may provide a second pick-off signal 145 when the drive signal 155 is
not applied thereto.

The densitometer assemblies 10 and 110 in FIGS. 1, 3, and 4 as well as other
densitometers may also be used to determine mass flow through determination of the

30 mode of vibration that occurs when the conduits 20 or 120 are vibrating at a resonance

frequency. The modes of vibration may be of a simple bending, twisting, torsional, or

coupled type. For example, the twist mode of vibration will occur when the conduits 20
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140. The one or nore electronics 150 can then neasure the tine shift
bet ween the frequency of the first pick-off signal 135 and the second
pi ck-of f sji gnal 145_ to determne the presence of flow and the mas
flow rate. % 87t he enbodi nents shown in FIGS. 3 aﬁ&wsa@ﬁ/ﬂ@tnza
switch 160, Whl ch is 20configured so that the drive 140 alternates

bet ween r egei2pivigaR 28 rdSnSice Hdbudiey ah&’ Wh'eﬁ’ Ez%{l@stéﬂ&@ ielowBash tHRBnduits
conduit 120 at a resonance frequency a provi ding a second pi ck-of f

si gnal 1452 @128 dngpidinglymst Jisamssdﬂe tméet@mmn@él@tpr@n@cecqfrfhm based pn fhe

wi thin the ope .pf ..t h rese op to_us | t er,nat
arr angerrenlflége %5‘”%%}%%5 Figig SAN uéts '2§ T%‘gt P?r erﬁa{ngfe’ gjr? PigkS O%Ppé}’?fg?l Ve
enbodi mentEQd. henzm&oofﬂe ¢k-&ff Sigh#13 i 21166 th@hoble oPPibRilibh @8 FiRE oA its
programed to ardo y the drive signal 155 at intermttent intervals

<

such tRat e ':19 teamingd bivdlie prcoritaere gleseringiShi bikewise, the giektofi k3 when
the drive Eﬁl an a,é?%%glfor‘ﬁﬁtﬂgaeaé ggdl-i- %igvmc thc f s éﬁﬁ( gﬁ @%‘n&ﬂ?gln%/or

assenbl i es

densi t OrT'Ettﬁé secony pitksddf figndlgednd allmtlﬁlﬁbdwoﬂmmnbxh ofithe koodighs 120 to be
determ natjon of the 30 node of vibration that occurs when the

condui t s XstgmimesPytheons ermetepiecapniss | el o hahedcrpaed madss of Wb IARSs
of vi brat '19 Ry b@%m‘ﬂ r@d WEI%% opﬁ‘ﬂ)gé eﬂé@ 1‘ﬁ6d Qr vfb%tﬁ)'ncb'larelrrglrfya under

coupledtyp For exahple, the tw st m)eof ralon
when tlife dmodmlﬂcszv mﬁi/m\MDnQﬂ)@&/n@48mﬁﬁﬁ@/&m&ﬁ€ma@s7ﬂ2flmndr2ﬁev| brate

at a reson r ency gnd. whe bstance.is flowing in_the
Condul t 5 ZRHGEIBIE BSEL AP nonHETBE T I oM BBIEBIGe RS ToRamay be
presence etdctdvin Pasangs. t he node of vibration of the conduits 20 or

120. For exanple, the pick-off 30 shown in FIG 1 may provide a
pi ck-of f si gnaITh3$rta:nnt @Bctrmnonldepmsdeea)ﬁc vxdonped orfeash thdse skidadin the af

20 to be determ eeI ctranics 50. Likew se, the
i ckoof t 10 i andves 1% 30 tudil aF e inEe 8 3% 5% oiinsg obREVERE « ne
first igi cKncﬁnftw@ _Ele@@oﬁié%ﬁﬁenhbﬁal H6F@AhaAE BkerDfifnpEiieNa! orffe@nThose
al I ow t he node o ration of the conduits 120 to ge det erm ned by

Vi
t he one orskilsgdn Heast widlappecciatvariphienyBoarthess sdamplge thabfallwithia thexwgepe

may t hen o with one or nore reference nodes of vibration
determ neg)%ﬁkﬁed@?%ﬁﬂknom fl ow and/or non-flow ng conditions. Since

the nodes of viTheadbiatled agseriptidrs @i et dbabé embedinRen atd EvicRBawRfde
non-flow ng conditi ons t he presence of flow my be detected in this

manner. THESGPESBKET ﬂb@@?qd@m&ﬁ copipmplateddydhe quénr@;éatﬁﬁFé@t%theéa@w of
those Hki ltﬁfo vbili Jnh qn&’areH le'ﬁgﬁ Iﬁlﬂ%@ %{__’tu;?lﬁ \}‘%&)%ﬂ% $hat TR Qfeﬂelﬂﬁ of

i nventi on r t e purp OSE,‘ O teac Ive princitp
convent i onbd altaspealet@ibed embbédierentimipt vdriondlyde oombmedabr eﬁmmdstblcrdamj
:Mnt E“h ﬁ ? L&m\é\f&%ﬁgl%p lrn?q(illésai%ﬁgi/é}# fg%}lle?‘réls‘nbfordgtrrlgr}ts i%ﬁ wit m H;%l s%\gpet arI]l tteac ngs
of the invention. By way of example, and not limitation, those of ordinary skill in the
art will appreciate that it is within the scope of the present invention for the densitometer
25 assemblies 10 and 110 to be provided with a single conduit 20 or 120. Furthermore, by
way of example, and not limitation, those of ordinary skill in the art will appreciate that
it is within the scope of the present invention for the densitometer assemblies 10 and
110 to be provided with more than one pick-off 30 or 130 and more than one drive 40 or
140. For example, the principals of the present invention can be used in other flow
30 devices, such as a Coriolis flow meter, including the Coriolis flow meter 5 described in

U.S. Patent No. 6,782,325, the disclosure of which is hereby incorporated herein by

reference, having at least two pick-offs and at least one drive for purposes of
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The detail ed descriptions of the above enbodi nents are not exhaustive
descriptions of all enbodinents contenplated by the inventors to be
within the scqﬁe of. 20t he invention. Indeed, persons skilled in th

art will r¥838H%%3t hat certain elenents of the above- JEQGPWH&B“””

enbodi ments may variously be conmbined or elimnated to create further

enbodi Ment geterdfiting WhBtherite RRE6 p@dkt&m ﬁem@tlaﬁhg a}ﬁ&br’bﬁhﬁtel‘yh Fob GRUMEH18He

t eachi ngs of the Tnvention. é; exanpl e, not "limtation,
t hose of op&irmatgn gfmerated ﬁiomﬁ ezrqplmoffsapjpbemlemed with the infosmagiemi n

ageai gogi Og%Elg agg a%corﬁ rm R%tlg% lfcﬁg)irrestegtemden gr purEeLs§ gtaée%enmmngs

rovi & €con
Fur t her morghetiat ondYr B&th@fﬂi&ﬁl@k—oﬁ‘@ﬁrerf@ﬁctidniﬂgt[ﬂb% R Fliveisemoie, ogé 6Ar Y
skill |n the art will appreciate that it is within the scope of the

present i rifemaryoikilt Bythe pe will apreeiatettbat thespiskieft ang/orgriyp aarzuma%e be
provi ded JHH :

drive 40 \(,)i‘fléqbfg% %E})rﬁzé%gﬁgﬁe@h?ﬁeg@ﬁ tﬁglll Ehggl s:ao?l?cn dofwrgté(‘lerpn&@%{g/@ ﬁ?tm't I'on
can be useseicondiit ForfekampBOwhe pidkestf aﬁdlﬁﬂ"ﬂr&& cﬁn@@ﬁlsﬂi toSlefekpiicrahede of
i ncluding the Coriolis flow neter 5 escribed jin S. Patent No,

6, 782, 325 virpHoRpiskelabiye motign bihyeen dit: rﬁ@rpews ) H%cﬁoa@lee HedewH! gyo
reference

pur poses quﬁééﬁg%%g %ﬁ§ﬁ§¥% %%gg%ﬂ%%g%gggmgg?éﬁﬁéﬁﬁﬂgﬁwﬂ{ ﬁn&? e
two pilék- oﬁei;sbawcenﬁxmtbm vanilegr impartdp createsidditioRal engbealivpéres witha the scope

|nformat|ond en rateg romthe two pick-offs can be conpared with the
i nf or mat i GH9IRATBIEE SHSIREPHP MG to principals of the present

invention for AW,PeSBSyA spaeitie HbBHRENM G MRS cxaRB1RToR tdinPdntbR@re
pi ck-offs are functlonlng properly. Furthernore, thoseé of 5ordinary
skill in tdescribed hegeiin foaplbrseeﬁlemelrpma waneuqoeqykvam nmdcrﬂaanomareeossdﬂe

of i brat oM bR habe e imEREn L GelRe FathdRihra: bR e

and/ or5dr ityRhfgs pRfvidesafrdi® nf§ he rafi 1ﬁ&1t@oﬂm@lenebdmadafsetharpmow defs@ﬂﬂ?édl ve
noti on between dlfferent poi nts along the conduits 20. It will also

be appar erdPotoandihewndn theragrerapinydlg figuresn A¢rerdipglys thascapgef the invention
above- des e conbined in whole or in part to
Create adé#P?%%gﬁ&%ﬁ%%ﬁﬁ?&ﬁp&Qﬁggﬁn% t he scope and teachings of the

i nvention. Thus, al though specific enbodi nents of, and exanpl es
for, the invention are described herein for iIIustrative pur poses,
various equival ent nodifications are possible within the scope of the
invention, as those skilled in the relevant art will recognize. The
15 teachi ngs provided herein may be applied to other enbodi nents than
t hose descri bed above and shown in the acconpanying figures.
Accordingly, the scope of the invention is determ ned fromthe

foll owi ng cl ai ns.
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VE CLAI M 1. Aflow device, conprising: at |east one conduit (20);
a pick-off (30) providing a pick-off signal (35) for nmeasuring notion
of the at 5l east one conduit (20); a drive (40) that receives a
first signal (55) for vibrating the at |east one conduit (20) at a
resonance frequency and that receives a second signal (56) for

vi brating e @tAIMast one conduit at a frequency that is different
than the rﬁsonalr‘lsﬁ frequency; and one or nore electronics (50) that
generate the fi °‘§ﬁ€‘”§%c§8ﬁﬂm§m§nal s (55, 56), 10 receive the

pi ck-of f signal 4{@Bak okt ekpd ck-off (30), and neasure changes in a
time shift betwgen tﬁe secom gjl ’gnal (56) frequency applied by the

drive (40) and waipeksdt () psovidial 2 pidk)off signaleBS)y fodl edeairig ytidhef the at
pi ck- ofg (igeﬁétr%leeqoa@ﬁgﬁlﬂf | ow device according to claim1, wherein

t he one” or ts (50) 15 neasures changes in the line

shift to deternjpgy @%r&eﬁﬂé?ﬁtﬁ@ﬁ%&nhﬁ sk} Wmfeﬁﬁgnﬁbat%&o%cb

one conduit. 3. The fl ow device accord ng to ¢ erern t
one or nor@09|aé@msommg fiegoyncymagd ﬂuaésecchfamge@:oud stgel GSﬁ)’rﬁ)rszIrbrémngthe at

det er m ne C t ich a.s flowng within the
at | east of\egggcoé% ton@ﬁt% g‘\h FHE 1521%;? éfé%tﬁz‘ﬁfﬁﬁn%e eélP?\‘iol’; an
wherein the oneofy orfiére eidcRehico (800 Shdt 28 er il AL RB artd \RBSRPsiffh n)rm
shift to determ ne the nmass flow rate of a substance fl ow ng W|tF1|

t he atlQ eaxsceiypdheiplerafisignes (355 fromnie kel 30) candaoeastti alignges i kdinm

1, furth 0

of cct roni L mnomty 2t Ja0hd Bl G Rl okl 8 ih PP e of Fisprc
t he pi ck- ofignd]1369) i‘e&qﬂemct}edmwédﬁleythﬁlpfdk-&ﬂ'm 30) are functioning
properly. 6. A nethod for operating a flow device, conprising

steps of:
2. The flow device according to claim 1, wherein the one or more electronics (50)

15 measures changes in the time shift to determine whether a substance is flowing within

the at least one condujt.

3, 'The flow device according to claim 1, wherein the one or more electronics (50)
measures changes in the time shift to determine a direction at which a substance is

20  flowing within the at least one conduit.

4. The flow device according to claim 1, wherein the one or more electronics (50)
measures changes in the time shift to determine the mass flow rate of a substance
flowing within the at least one conduit.

25
5. The flow device according to claim 1, further comprising another pick-off (30)
wherein the one or more electronics measures changes in the time shift to determine

whether the pick-off (30) and the another pick-off (30) are functioning properly.

14



using a drive (40) that receives a first signal (55) for vibrating at
| east one conduit (20) at a resonance frequency and that receives a
second signal (56) for vibrating the at | east one conduit at a
frequency that is different than the resonance 5 frequency at | east

one condui t; (20), sing a pigk-aff. (30) that provi.des a pick-off
signal (35 f or Arr%lgtshﬁﬁiifﬁrg ﬁ?t?r?ﬁga W Bigiog, 0 Eé?‘gc?EFé’sc?anuit (20)
and using one omusifipkehBlqqOy M 1eseitd) firkOsi g es P &ibﬁdtﬁljgraﬂeam%e
second si gnal 56), receive the pick-off si'gnal (35) fromthe

55
pi ck- of f (@W;uié@@) Aemksspranss Hngeancy and thabrecpives & picond signeldsh) fone

second si gRal,. f e, I | 4Q).. and t he second
si gnal (56) ?é‘gf%lﬁggﬁget e%%éeog&g%/ét?hd%&%‘fa’%%}?%gm??83%‘?1% tha t%eﬁf@n%tehod
for opefat ifirequenclyladwasteorieaendaic @0 ng to claim6, wherein the one or

nore el ectronics éSO)_ a%%%@s changes in the tine shift to determ ne
whet her a 15sub¥tH8E&GRsOH (i hef rrPYiAssh Ripkofisignah 635) Serameasiring motiog of

The met hod gfedf |QREER dddAnf (2d)OYpflevi ce according to claim6, wherein
the one or nore el ectronics (B%Y} measures changes in the tinme shift

to determ ne a diingoné onmate elbituiniaa (SO)bisiganaeteithe fitsowhdigecend kighalt he
at least o duit. 20 . 9. The od for operating a_ flow device |
accor di ng E%S’ 5?2?%86",6 %B}C@rﬁgﬁlﬁaﬁiﬁg tg?m ﬁliﬁ'lé‘&éﬁg‘tcé Pg An¢ geaspys changes in
nmeasur g Chamgamif Beten ki | i '

a substance fl owj1 ngevvi t%i nﬁ‘%ﬁﬁiﬁﬂﬁléﬁlﬂﬁ?@%ﬁ%&%@ﬁa{g&?ﬁ gggj%l%l.v%ﬁ%@%? ﬁggd
for oper at Fefgné signah(Sakfipeuenay detected by the mitlaoffi(89). f urt her conpri si ng

a step of using another pick-off (30), wherein the one or nore
el ectroni cs neasures changes in the tine shift to determ ne whet her

the pick-offf (30he aBthodfer GRRAHRET 2 BbW Hewts ad B3R in@EScIhin 81 RAERAGhe one or
properly. i
more electronics (50) measures changes in the time shift to determine whether a

15  substance is flowing within the at least one conduit.

8. The method for operating a flow device according to claim 6, wherein the one or
more electronics (50) measures changes in the time shift to determine a direction at
which a substance is flowing within the at least one conduit.

20
9. The method for operating a flow device according to claim 6, wherein the one or
more electronics (50) measures changes in the time shift to determine the mass flow rate

of a substance flowing within the at least one conduit.

25 10.  The method for operating a flow device according to claim 6, further comprising
a step of using another pick-off (30), wherein the one or more electronics measures
changes in the time shift to determine whether the pick-off (30) and the another pick-off

(30} are functioning properly.
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