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vibrates or drives the one or more conduits at a resonance frequency in one of these
drive modes for purposes of determining a characteristic of the flowing substance. One

20  or more electronics transmit a sinusoidal or a square wave drive signal to the at least one
drive, which is typically a magnet/coil combination, with the magnet typically being
affixed to the conduit and the coil being affixed to a mounting structure or to another
conduit. The drive signal causes the drive to vibrate the one or more conduits at the
drive frequency in the drive mode. For example, the drive signal may be a periodic

25  electrical current transmitted to the coil.

At least one pick-off detects the motion of the conduit(s) and generates a
sinusoidal pick-off signal representative of the motion of the vibrating conduit(s). The
pick-off is typically a magnet/coil combination, with the magnet typically being affixed
to one conduit and the coil being affixed to a mounting structure or to another conduit.

30  The pick-off signal is transmitted to the one or more electronics; and according to well
known principals the pick-off signal may be used by the one or more electronics to
determine a characteristic of the flowing substance or adjust the drive signal, if

necessary.
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SUMMARY OF THE INVENTION

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

25  is not affected to any degree by the statements within this summary.

According to one embodiment of the present invention, a system for generating a
drive signal in a vibrating measuring device comprises at least one conduit, at least one
drive, at least one pick-off, and one or more electronics. The at least one conduit is
configured to receive a flowing substance. The at least one drive vibrates the at least

30 one conduit. The at least one pick-off measures the motion of the at least one conduit.
The one or more electronics includes at least two drive chains, wherein each drive chain
modifies at least one pick-off signal to generate a drive signal used to vibrate the at least

one conduit and each drive chain generates a different mode of vibration in the at least
2



Accordi ng to enbodi nent of the present invention, a nethod for generating a
5drive signal for a vibrating neasuring device that includes at |east one
condui t cuA20HM2WIt o receive a flowi ng substance, at | @aTUS2M8/068%% e t hat
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| east one C a pr ve Si genera e selected

drive chaiherbid cacHdtiVe chal mMATEETat least one pAKCHT dighd] ok cRbRtaGReEHveof the
present invention, a systemfor generating a drive signal in a vibrating
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15  for executing a process for generating a drive signal for a vibrating measuring device
(5), the process comprising selecting a drive chain from at least two drive chains,
wherein each drive chain modifies at least one pick-off signal to generate the drive
signal and each drive chain generates a different mode of vibration in the at least one
conduit and providing the drive signal generated by the selected drive chain to a drive.
20
ASPECTS
According to one aspect of the present invention, a system for generating a drive
signal in a vibrating measuring device comprises:
at least one conduit configured to receive a flowing substance;
25 at least one drive that vibrates the at least one conduit;
at least one pick-off that measures motion of the at least one conduit;
one or more electronics including at least two drive chains, wherein:
each drive chain modifies at least one pick-off signal to generate a drive signal
used to vibrate the at least one conduit;
30 each drive chain generates a different mode of vibration in the at least one

conduit;



WO 2010/ 002401PCT/ US2008/ 068928 t he one or nore el ectronics including
a drive chain selector for selecting a drive chain fromthe at |east two
drive chawA2010192401 the one or nore el ectronics proPCHIUSZ0BH6]R® dri ve
the drive signal generat ed by the selected drive chain. 5Pref erably, each
drive chain gl fies at

t ff i
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frequenci @gin 2681186 aPlcdst t@,@qgwgrdhgﬁ\lscm nincludes a filter that filters
out undesired nodes of vibration. Preferably, each drive chain includes a

phase shi ft altgemne bmmotO&eetf-erabprpyvidag to deidveechadnvé sighaldeacmtahhn
adj usti n orlépm Preferably, a user or program selects the drive chain.
Pr ef er abl 96 S? RECYArYeCBHBi n) is sel ected according to whether entrained gas

i's prgsent in Itrgfe d{ﬂgg"éa@ﬂ 1gg%hgiﬂ%0(}1ﬁe%at least one c%tgf[fﬁélﬁx inter'ﬁlaﬂﬁé.r\fﬁat(:hai n

is selected accor noi se pr ck-o0

Pr ef er ablrginférees dpanieubipdrive lﬁ&qﬁ@ic@@rﬁdubyreameﬁmrmgwa ﬂe(qukndi@s tabl e that
correlates a vari ety of conditions to particular _drive chains.

Accordi ng to diiefosat y@@ﬁbéiflvgﬁhiunen@ué@emﬁlterﬁh@hﬁhtm ouunes Hedimoges of

gener at i ng I%tlgr' ve signal for a vibrating neasuring device, including at
| east one %on uit configured 20to receive a fl ow ng substance, at |east one

drive that vi Ffesly @chidriveB4inAREue&WIphdse sBiFdalgbrithgast one pi ck- of f
that neasures nmotion of the at |east one conduit, conprises the steps of:

provil@i ng one Wyeferadrly, ekckdrivoshais ingltidess gdinadiusting algoritlenchai ns, wher ei n:
each drive chafg ifies %t Ieaast R CE .of f signal to generate the .
drive signal; Z%@n%ﬂy’oar‘ilWé E REEk IBéﬁ]gFtét JB% HUVGF#4Rr ent node of vibration in
the at |east ORerEMIUNE drive chain) is selected according to whether entrained gas is
present in the flowing substance.
Preferably, the drive chain is selected according to the noise of the pick-off
15  signals.
Preferably, the drive chain is selected by accessing a look up table that correlates
a variety of conditions to particular drive chains.
According to another aspect of the present invention, a method for generating a
drive signal for a vibrating measuring device, including at least one conduit configured
20  to receive a flowing substance, at least one drive that vibrates the at least one conduit,
and at least one pick-off that measures motion of the at least one conduit, comprises the
steps of:
providing one or more electronics with at least two drive chains, wherein:
each drive chain modifies at least one pick-off signal to generate the drive signal;
25 each drive chain generates a different mode of vibration in the at least one
conduit;
selecting a drive chain from the at least two drive chains; and
providing the drive signal generated by the selected drive chain to the drive.
Preferably, each drive chain modifies at least one pick-off signal in a manner that
30 reinforces a particular drive frequency and suppresses other drive frequencies.
Preferably, each drive chain includes a filter that filters out undesired modes of

vibration.



selecting a drive chain fromthe at |east two drive chains; and providing
the drive signal generated by the selected drive chain to the drive.

Pr ef er ablWO 26H¢l02491i ve chain nodifies at | east one pi ckPOTUS200§/063928 n a
manner that 30reinforces a particular drive frequency and suppresses ot her
drive frequencies. .Preferably,.  each drive chain.jncludes a filter that
filters out urldesiitls SERSDVEEhgRIRelifeN PiapsBidhdEembED1 pr/ Us2008/ 068928
Preferably, eé}%@fe&'éﬂl?’,%a%ﬂ@h@e lcRShUAQSd& Qﬁlﬁﬁ%dﬁi@tiﬁ% a%'oﬁﬁ{rh.t hm Preferably,
each drive chain includes a gain adjusting algorithm Preferably, a user or
progr am sel ectRrefenablyrd weer ohpragram selects the dvetlerimabl y, the drive chain) is
sel ected according to et.her entrained gas i s Spresent in the flow ng
subst ance. Pr eﬁr@f%fmly,,tﬁgﬁgvaﬁh%) Brea1cRtadsaceending WavRtae AiRgNUes ie noi se
of the pigks: i : Preferably, the drive chain is selected by
acces?i ndﬁgseﬁgﬁkﬁhgﬂﬁéﬁggu?sﬁ%%ceborreI ates a variety of conditions to

particul ar drintefeedtdy nhe dli0dekands ndedtod anobdiap tagRantiscdf thbgidireffent
i nvention, a computer program product conprising conputer usable medi um
i ncl udi nglgadscut abl e code for executing a process for generating a drive

oL TOr 2 0%, TRPSCLR SRULR 7)o R BRETS TR S

selecting a drive C n el n:
drive chai varedbf E@iliddns! t6poftic@Ne divelehaink. si gnal to generate the drive

si gnal ; each drive chain generates a different node of vibration in
the d0 | east ohecocdingud anotheraspect of the present invention, a computer program
product comprising computer usable medium including executable code for executing a
process for generating a drive signal for a vibrating measuring device (5), the process
comprising:
selecting a drive chain from at least two drive chains, wherein:
15 each drive chain modifies at least one pick-off signal to generate the drive signal;
each drive chain generates a different mode of vibration in the at least one
conduit; and
providing the drive signal generated by the selected drive chain to a drive.
Preferably, each drive chain modifies at least one pick-off signal in a manner that
20  reinforces a particular drive frequency and suppresses other drive frequencies.
Preferably, each drive chain includes a filter that filters out undesired modes of
vibration.
Preferably, each drive chain includes a phase shift algorithm.
Preferably, each drive chain includes a gain adjusting algorithm.
25 Preferably, a user or program selects the drive chain.
Preferably, the drive chain) is selected according to whether entrained gas is
present in the flowing substance.
Preferably, the drive chain is selected according to the noise of the pick-off
signals.
30 Preferably, the drive chain is selected by accessing a look up table that correlates

a variety of conditions to particular drive chains.



providing the drive signal generated by the selected drive chain to a
drive. Preferably, each drive chain nodifies at |east one pick-off signal
i n a manr¥O 200A4020r ei nforces a particul ar drive frequeRCY/URAWSHNIRS esses
ot her drive frequencies. Preferably, each drive chain includes a filter

that fil tﬁﬁﬁﬁfﬂhsﬂﬂﬁﬂéﬁ%m %WTQJVC%I ion. Preferably, each drive chain

I ncl udes priase=sh —rreferapbly, each drive chain includes a
gai n adj usti ngslgu&qraém a%‘é%p@&w&tlw of%n%%@ﬁqp%oﬁ%?ﬁfﬂg%ﬁée%ﬁhﬁ the drive
chai n. Preferably, the drive chain) is selected according to whet her
entralnedkgas I's present in the fl ow ng substance. Preferably, the
drive chain is selecéed according to, the nojse gf t.he pick-off signals.

30Pr ef er abl y, [if@redr IGPacts RACFPPEEEICRENALC KiFvag %QQYWQYS@FWMHQ}B& abl e t hat
correl conditions to particular drive chains. WO

2010/ 02%&%%%%@%68928 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1
depicts a perspective view of an exanple of a vibrating measuring device.

Figure 2 de| cts a_pers ect i ve schenat iC VI ew of a dr| ve system I ncl udi ng
5m.l| tl pl DFE \/ 2 -D R X a ' T az ! R Dy ‘_,Ir' 1 L\‘ B / 1 'L\J-|!m RED
EVMBODI MENT | | us I a, vibrati pring
device 5 in thFeI (%rdr%uso%ajfes ?xaﬁpﬁégf?g%rﬁ%r?@ e%%%%ﬁgldseivh% o tﬂ%éog;%l §ssenb| y
10 and onEor@slisive nRit&Cdon®Hsesy #8ensor assembly 10 and one or more electronics 20.

10 The one or more electronics 20 are connected to sensor assembly 10 to measure a

characteristic of a flowing substance, such as, for example, density, mass flow rate,
volume flow rate, totalized mass flow, temperature, and other information.
The sensor assembly 10 includes a pair of flanges 101 and 101, manifolds 102
and 102', and conduits 103A and 103B. Manifolds 102, 102’ are affixed to opposing
15  ends of the conduits 103A, 103B. Flanges 101 and 101" of the present example are
affixed to manifolds 102 and 102'. Manifolds 102 and 102' of the present example are
affixed to opposite ends of spacer 106. Spacer 106 maintains the spacing between
manifolds 102 and 102’ in the present example to prevent undesired vibrations in
conduits 103A and 103B. The conduits extend outwardly from the manifolds in an
20  essentially parallel fashion. When sensor assembly 10 is inserted into a pipeline system
(not shown) which carries the flowing substance, the substance enters sensor assembly
10 through flange 101, passes through inlet manifold 102 where the total amount of
material is directed to enter conduits 103A and 103B, flows through conduits 103A and
103B and back into outlet manifold 102' where it exits the sensor assembly 10 through
25  flange 101",
The sensor assembly 10 of the present example includes a drive 104. The drive
104 is affixed to conduits 103A, 103B in a position where the drive 104 can vibrate the
conduits 103A, 103B in the drive mode. More particularly, the drive 104 includes a first
drive portion (not shown) affixed to conduit 103A and a second drive portion (not
30  shown) affixed to conduit 103B. Drive 104 may comprise one of many well known
arrangements, such as a first portion magnet mounted to conduit 103A and an opposing

second portion coil mounted to conduit 103B.
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10 The one or nore electronics 20 are connected to sensor assenbly 10 to
neasure a characteristic of a flow ng substance, such as, for exanple,
density, Wa281/apWirate, volume flow rate, totalized ma®E€TUS2HS/068928
tenperature, and other information. The sensor asserrbly 10 includes a

i f fl 01 101, | d ts 103A d
D055, “Nani o 8 Hopreagasrample. Bt dshpd® Be Ll s Srnd e e e
103A, 103K cgﬂcﬁﬂ@qﬁé)&\%daMBlQr% dp%fe%a!‘ib@y Qél@c%@d‘&n@éﬁ&%ﬁatéfyem&ﬁﬁtb& %imm
mani f ol ds 102 and 102'. Manif s 102 "and 102' of the preésent exanple are

af fi xed tmamwfpgddiLened ndﬁetahamﬁzid d02'106s topacade 106lama¢dtyatans havee spaci ng

bet ween na 02 and 10 i.h the present_exanple, to prev desired
vi brati or¥ ?tﬁn%ﬁfm S48 Grgas A IRGISE: MR OEIBRILS: a8d el O mORe 95011 from

th f at nbly 10
o1 nder tRhen Bl R AT RIS oo BNy B e M e e e T
subst ancamoddB8 the figdt dncef sike bendiag sardeagsawhtyitsl 0034 nodi 9o B b&rkgevehﬂziy

passes through inlet manifold 102 where the total anobunt of material is
di rect ed driveeddn oppatite 415601193%3@1@ thasspeatiygdenming agps LowduX't < dosA and

103B and t| V\/ner it exits senbl y
10 througsagrféf 8%8%8{%3 Hati %,,gu nz“ ProgIded By VA %f“@ %%C%prngc it
exanpl e igneh dgles eékaﬂf né/elaqa@fhwa'&hﬂ(ﬂah& 9as1s@dl tﬂr@ug{ fHoRd th @aGRIKbth tondiiRA,
103B in a position ere the drive 104 can vibrate the conduits 103A, 103B

in tHe drliddé,63B. tomllalatpartl cularly, the drive 104 includes a first drive
portion (not own) a i xed . C it. 103A and _a, s d drive rtlon(not
50 Shown) af 1 WEHE P SEUpRioioKI R GBS oy atpoeis iy e SHF AC S ottty el |
known ar ran@ e the s%Hﬁé‘oPt%e rééeh%w@ﬁ’t’iéﬂ Oy WRY M lex Pfétigr%B&?vve\g%@é‘hfaylo?’A

and an opposi ng second portlg) coi | nount ed t o” condui

2010/ 00241PCNstUBROO S OB8HRE&E] in U.S. Phtent Ne. pRE$281, tlexdisplosyretolievideh ise node
is the first out of phase bending node and the conduits 103A and 103B are
prefer ablvrw@é?@ﬂraé%hﬁﬁﬁlr%ﬁf%%@ey mounted to inlet manifold 102 and

outl gk mani fo'ﬂqe%% é‘e?nﬂil? 1Ws‘?1‘6\x%‘%n§iuﬁé’§ é‘p&%f gﬁégioﬁf@aﬁﬁv gomﬁf gatially

t he sane nmss |on nonent's of I ner es about

Sbendi ng AResd %—c&ﬁdﬁﬁﬁl%A M3B. rmﬁ@ﬁz&ﬂtl\tﬂlaﬂy, fifst ble®-¢ff 6R1vhs €x@¥pben) Wher e
the drive node is the first out of ase bendi ng node, the conduits 103A

and 103B ¢ @C@tqdmm@ﬁuurlioéé almep@n%@sb@ff eor@pﬁ%(:rtqt @B@w?b@e\tloqalﬁf& on
o1 tor nat isngagna par, T ER Safhaintgddictet dhe RFEE L% 18R 8GR Tln as ror

exanmpl e g opiﬁgféﬂ@yoﬂt%@,coﬁ&ﬁtspm%w oLtk R aink IGS GRMSEe bot h condui ts
10103A, 1 Bto oscillate. Those of ordinary skill in the art will

appr €0i at@ecttlrmm@nehe detdetiovss fornckemphafirst @iaksefd peiticmi magﬁws subgeeond picke
i nyenti on. drive no

fesor | bed] RUTIO8 Sopby PP REUcesp aT DBasenalh okl s GRLITE VGocHN-EH PPYTE DLy
:Oglcf’r g?r S‘P%EO*}?—?@”%W 19%1%?@%%%%@1?@% pRENSHE 1685 S93P hyay LQpsROMBK-loRE! Udes a
signals to the one or more electronics via pathways 111, 111°. Those of ordinary skill in
the art will appreciate that the motion of the conduits 103A, 103B is proportional to
25  certain characteristics of the flowing substance, for example, the mass flow rate and
density of the material flowing through the conduits 103A, 103B.
In the example shown in FIG. 1, the one or more electronics 20 receive the pick-
off signals from the pick-offs 105, 105°. Path 26 provides an input and an output means
that allows one or more electronics 20 to interface with an operator. The one or more
30 electronics 20 measure a characteristic of a flowing substance, such as, for example,

density, mass flow rate, volume flow rate, totalized mass flow, temperature, and other

information. More particularly, the one or more electronics 20 receive one or more
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affi xed to conduits 103A, 103B. Mre particularly, first pick-off portions
(not shown) are | ocated on conduit 103A and second pick-off portions (not
shown) arwoRewdwion conduit 103B. In the enbodi nent deEirdisaeds/opgeas

pi ck-of fs 105, 105" are | ocated at opposing ends of the conduits 103A,
103B. The k-of fs 1 5 105 el ectromagnetic detectors, for
examl o (. SRS OGIRC e pisk Rty At 4 an AT RO RRTBR e RGeS LBl o,
that pr 0%%%@@% WREkhiS arﬁeﬁhénamtméa%ef@asamraét&@stieeép&ﬂéwlr%%bagﬁééI on of
the conduits 103A, 103B. For exanple, the pick-offs 10 may supply
pi ck- of f ssclyns|fer e)cnnnpie ameitprmasritovetaetvodmne slowi mtq adthieydsmasiflow 11" .

Those of ordinary skjl jh inthe art will appreciate that the notion of the
condui t s {¢OBAratURaHd Qthes igi¥Mati8Ral to 25certain characteristics of the

mat or Pl 1 owt TR B0 e Eaa AR TR AR R AU SRR R Bl P

material flow ng th

shown i n EdrialisIflow hect@B@r dendiheet@l antisard & shatcteaatd ofea flowiny whstahée
signals fromthe pick-offs 105, 105' . Path 26 provi des an input and an

out put mednsvellimdersioadases her exanme.d).S) B@ﬂenprc@SQﬁ)lﬁb thedisefosee afi t h an

{1 owi ng. StbeF B Rt bFRl TR Ahe TERRE AT R o) e

flow rat ebmfrtt@a%ﬂ&@dltyrggﬁng H&Wri {lglﬁr_perat ure, and other infornmation. Mre
particularly, the one or nore eFectroni cs 20 receive one or nore WO

2010/1002401 PCThts2 e08n e 8begn si fHal b, thé one exaopd dectforoes 2 plovodef addos, 105
and one or er.at ur sensor n sho and use this jnfornation
o onc i i e R 8 Mo RO T A S €8 Sl 8V E ehnglm | o
density, @pgs ¢l Qﬂb\ﬁlﬁtlr?theve%ﬂ&]@m%ﬁw F‘I@f e, nfo@ﬁf?és'o%l%%rm@ Ipﬁdkoéﬂ;f signals in

terrperature and ot her | nfornation. 5The techn ques by which vibrating
measur i ngr wennarekat rsmcﬁcbrcesst;hefappr@)mmpdreve fCaqueaty snd k@prmmomeodrrd@ns
itoneters, measure _a characterl Sti c of a rovvl ng substance are

under st odiRAUSBEEs.f §or exaippleed diivechan Comayngodigy dispiglepft &lwléwsfér%@@re of

whi ch i s Jh%SH)ﬁeLl?efcg@Bﬁ Eas, gdthg%f‘c?de'é‘ fo?YiHKISf g&ﬁ&“&e t er S@t@ King ﬁ%ﬂ'ag ﬁh{ ed

di scussion i1 s A0 Sy S anpl e

shown i n dnkd@hade sHifithgahe stghaITDAﬂeleﬂhe@hR/@@h@lﬁ rﬁ&ﬁlﬁé@ﬂiedﬁle&)rdﬁdr‘é@lcﬂd gffal to
the drive 104. More particularly, a drive chain, for exanple drive chains

Cl, C2, ignatthastmpwppriaie dhee sigbalis wemitto rivell@S ip ordes @ vibsae dhecandutior e
pi ck- off % ggais in a manner that reinforces the appropriate drive
frequency1 én uppresses other drive frequencies. For exanple, a drive

chain C1 may nnwsébfbﬂﬁnay%kﬂpﬁlfthé RGN Pyrdcidtt efat g drdv OHaiRUTtHEsi r ed
nodes, i.e. the nodes of drive chains C2, CA, CN, adjusting signal gain,

and @ﬁas epredeint emhgdnnlmlt siayrtel embfdied 1nt2h®fdzvam@rmxtWt rhatrbmrEJ @sat he one or
I)nr) Eigr p![ gkqpft)l{# léetstl %Ptﬁgreeg E )%Pripgg ftilqélgwg E:fllexrei‘s rsnla qr?c!]uc'le ana onéueth%r vrvellr\éei\n 105 in
the form of filters and software run processes, for example, one or more algorithms that
phase shift the signal and adjust signal gain.
Turning now to FIG. 2 an embodiment of a drive system 70 is shown that is
25  capable selecting different drive chains. As shown in FIG. 2, the drive system 70
includes multiple drive chains, for example, drive chains C;, C,, Cs, and Cy. According
to one aspect of the present embodiment, each drive chain, for example drive chains C;,
C,, Cs, Cy, is configured to generate a different drive frequency or drive mode.
According to another aspect of the present embodiment, each drive chain, for example,
30  drive chains C,, C,, C;, Cy, modifies one or more pick-off signals in a manner that
reinforces the appropriate drive frequency of that drive chain. According to yet another

aspect of the present embodiment, each drive chain, for example, drive chains C,, C,,
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Those of ordinary skill in the art will appreciate that the drive chains of
the 20 present enbodi mnent nay be enbodied in a software product, hardware,
or a contwaatiuge240her eof For exanpl e, the drive chai ns REF/USRBHORI2ENal ogue
hardware in the formof filters and software run processes, for exanple,

| t hms t hat hift th d adj ust |
o o onRaTBHEE BB BB Db s TR BT S e &
25capabl efre%ﬁﬂeﬁéﬁ%é nﬂclqaﬁ@%%?tdr%l e;qﬁeﬁaeénéfotﬁ@r &h\%f\fham HyGwagorthe drive

system 70 i nhcludes multiple drive ains, for exanple, drive thains Cl, C2,
C3, and GXampds ench digvd chaom€, aSpést Coimayhtse Hun&sledtwﬁnﬁddmtmne filtemEh Kdri ve

chain, for ex Ie drive ha| IS con ured to generate a
di f f er entfadfFi éﬁw tﬁmriﬁ &@e a&éeﬁ anfﬁah%ss Eﬁgelﬁew% Pedt of the

t ; | 2,
& SR o w.%?”“‘%%e@gﬁﬁﬁn%ﬁh B Moo UM B1E0P B R EUE O BP bl oo

t he appr gick-affaighalyie the apprepayteqhadneat dri ve chain. According to yet
anot her aspect of the ({;@esent enbodi ment, each drive chain, for exanple,

drive chains ciose:zf ordymry 6k} woha entrepreoRte iRt teanptcuwts; algNithewi f i es one

t h
Fr equenc Ry B3 i AyPRITRUGR, (HARRERC St SfbrltRainin. gy
way of e%ﬁ@'&ft&vﬂ]@%?ﬂlc@dté wRit ﬁh%laﬂtl&l mt&?amn EheaddNinpBdevies RfOydidediymdth at

| east one filter , F2, F3 for exarrpl e an algorithmor hardware, at

I eastlooned@mmlatosftﬁcmoﬂmrgap'r exampie, arepnotSPaited N, Vdmdlrgmbwgmgdmalcgal n

adj usting al i Lhm , @3, hat, nodi f e or noje gnal s
" the. sy B et o gk sX o gy ol tracs fistifiondtar o
that the BaKtiiGHE HordliGPhb iR SHRY/6Y £Equiink! @@mﬁ R o AR ®dr factors.
Furt her rmreS tnhose 5f lor di har yes%ip(? ?yl n the eStrt W appr eci at eC t hrat in
practi ce,substbnat on@nmsﬂme@rtdt&ﬂimbstan@ thenBowab through thb@odduit.i Thosctaf each

ot her. For exanpl.e, and not _limted to, vibrating nmeasuring deV| ces
general | wrémﬁ%f‘rkﬂla@ the@atswﬂﬂ aprsriatedhteryen splkdifiprengsrompasss diggdytion

thei r 5di S&Hm%ét{nf;fbﬁl%‘h %ﬂﬁ&%%e%s’hnh%‘? £ BéﬁélésoﬁnglﬁP Hetﬂé&jt‘?@l N ‘é’tran{é gauenci es

i nvol ved ar subs nce or densit 1 cul ar

subst ancejenkiay of ih@\@ﬁrtﬁdfmﬂmsgbsthﬁ@ QOO § thra’ﬁglﬁme%n@mldwmyfe&hhél in the
art will appreciate that even small differences in mass, distribution 150f

mass, vi HrasiGuar dimst dhainsend ahgnrshms usediefesasdinghndhose of eedipamt skel inathe

b b hat h h
condur T T IEFTRE et e bR o MRS ul Iy o Pl
Accor di nGiphropries&ried clﬁﬁﬁjé Mgor%hisWof ) pﬁﬂﬁuﬁl"r th’i"'aﬂullg ﬁié@‘ﬁﬁﬁigade%ldeh at

certain routlnetestlng may ereqwre in order to determ ne the
20 As shown in FIG. 2, the drive system 70 includes a drive chain selector 75.
According to one aspect of the present embodiment, the drive chain selector 75 is
configured to allow selection of the appropriate drive chain, for example, drive chains
Cy, C,, Cs, Cy. Those of ordinary skill in the art will appreciate that the selector 75 of
the present embodiment may be embodied in a software product, hardware, or a
25  combination thereof. By way of example, the drive chain selector 75 may be a hardware
switch and/or may be a software run process, for example, a process wherein a user or
program selects or inputs, as at 76, the desired drive chain C,, C,, C;, Cy to be used.
Accordingly, in situations where a particular drive chain is unsuitable, a user or
program may switch to a more suitable drive chain. For example, a particular drive
30 chain may provide more accurate measurements in situations where entrained gas is

present. By way of yet another example, a particular drive chain may generate pick-off

signals have less noise, i.e. such that they occur at a frequency that differs from other
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appropriate drive chains or algorithns for a particular vibrating nmeasuring
devi ce. 20As shown in FIG 2, the drive system 70 includes a drive chain
sel ect or W9.20dW240di ng t o one aspect of the present enb@®@irfSRe08/068928 dri ve
chain selector 75 is configured to allow selection of the appropriate drive
chain, for exa dr.i ve chai ns C.. Those of ordinary skill in
the art WIaRRET Bist e Frft SYams Shettbpl ! it REEFELBRE SaRBEH M.  may
be embodiggr iy Ac&QE ’é‘l‘@ékeu;mé?)%‘ﬁltat cOIREISERE G ariffy cﬁc%ﬁeﬁ%ﬁs BRpdraBulbPerieof By
way of exanple the drive chain selector 75 nay be a hardware sw tch and/ or
may be a(ﬁmﬁmmare run process, for exanple, a process wherein a user or

| ect t 76, . d dd chain Ci1, , C3,
&t o b usedt e PRngirg tp Ahaserldletondink Rt & i A fiedcons pLBechal n
s un%“hﬁﬁggeﬁt irfreH6 t OLESG %Q Plf}fe}%g@ﬁﬁs%ﬂ%steﬁhle}é?n% ?{)}gﬁn&wn »@Ml §n§i E}lé)\éeofc hai n.

For exa a partlcu ain nmay prov nore accurat

measur emenbiiting nidabudig omacevmml@dlﬁgt foaler@tpRaderistopieassntgarByesyaythof yet
anot her exanpl e, a particul ar drive chain may generate pick-off signals
have | esgwidhesef drives, thqeumberaal ptl%yffs)ctb@mp@natlag froslg s eratiommtordhd fers from

o etem ORI AR AR IR AT RS ST B sl Bes IR deifle s &

| ook up ts?@&ﬁcteﬂéﬁn fRth edadh BFos8 sKAledgh YhcOdrt BORAD nhakd:int @ et besthdte dFi ve
chai ns. shoul d e apparent to those skilled in the art that it is within

t he dOopehoinvehospFesdatpuipnsef tarhing insmtiveeripeipies. pehe cdivsntiosald her ei n
oramt e e iR emptBS) o iR g NEMRLH BR eV ESorediRenanber of
pi ck-of f Svarltaﬂgnsoﬂgﬁqathbé%ge Festhatta AR The Q;rolpE Re e eEidMedrhe detailed

characteristic of the ft g substance. The present description depicts
speC|f|c(RxamﬁkﬁscﬁduiﬁawhehﬁmdﬁnaﬁshkﬁﬂnwmhmmavaﬁeMmmthmoﬁﬁMe and use the
best node of 10t he invention. For. the purpose of teaching inventive

pri nci pl egnbagdiments &ﬁv@mnl'ﬁﬁ@byéléep@a@%torﬁat@@eb\@éwnéhwqpﬁ dhonversian: ed.
Thosqfssk' I1'ed Pe@sc}tnﬁ%kﬁfetd ﬁ%ﬂ% arf B :?ér?]dvghgﬁ\fﬂit cghhﬁgs}% rﬁgng% Bwesa%ogé(am)l es

that fall within e scope o scriptions of

t he aboveleesditad diidmants Mat vaidislistd senbiasd b plitnaiagedtb cédte Quirtiadi nent s
contenpl ated by the inventors to be within the scope of the invention.

15Per sonsenahddiments; #nd weh dprtheriambodapenfhifale withén theseera andeleashingsoighet he
above- described nts m iou c i.ned o at ed to
create fUPTHUR cAbBa) HeREs PRTATS Ao R T kP aar Bt hael vt PPk < ne
scope andjck&sdal aﬂ&&ﬁqehﬁa@naw@&rh&ﬂed it wibld orgh parth cﬁﬁ&aicﬁf'ﬁoﬂeﬂ’ those of
ordinary skill in the art that the above-

20  embodiments within the scope and teachings of the invention.

Thus, although specific embodiments of, and examples for, the invention are
described herein for illustrative purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein may be applied to other embodiments than those described

25 above and shown in the accompanying figures. Accordingly, the scope of the invention

is determined from the following claims.
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descri bed enbodi nrents may be conmbined in whole or in part to create
addi tional 20 enbodinents within the scope and teachings of the invention.
Thus, although specific enbodi nents of, and exanples for, the invention are

described herein for illustrative purposes, various equival ent
nodi fications are possible wthin the scope of the invention, as those
skilled in_the relevant art will recognize. The teachi ngs provi ded herein

may be applCéIM ot her embodi ments than those described 25above and shown

ot or mi neatt 1 oruongep P R EERQlE Yookt i ARRRRR BB R B T Ot P g

drive signadmprisigg:Vvi brating neasuring device (5), conprising: at |east- one
conduit (103A) configured to receive_a flow ng substance; 5at |east one
drive (104) t haat leashons @adyihEl034) ceniguredto reepive? flopiEampstange; | east one

pi ck-off (105) th 1.QF e S uit (103A); one
or nor esf el ect roatr%il%ét @@%ﬁ??@gﬁ%@@“ %S%%caé?é\?gd Oglt% ﬁ%g%@ﬁ(l@%@ﬁ{pi ck-of f signal
fromthe at | easgleadinshepickoffl(f0) IR0 icamireimotien 6fthe @f leaffoRe ebgdiit oni cs (20)
10i ncluding at | east two avail able drive chains (Cl, C2, C3, CN), wherein
each drive chaih0¥h);the at | east two available drive chains (Cl, C2, C3,
CN) nodifies a pi.ck- i t Y I | 0 Ing a

di fferent frequogﬁ%m%%%e%&%%(?g%%g%g%dg???/c:g[;)re 51'? Ile%%t%% ptl%lg&#ggl %@ast one
conduit (103A); 15wifiohn thieeit st @i piak-&ff €1 059t witinthené 20 mobetlegradesfRgur ed to
select a drive chain frgmthe at least two available drive chains ((, C2,
c3, CNP, process th&cdingadeashheo praslrblsrdriveicas (Gw En Gsnenk sihsraing drive

chai n o generare, s urcshilenededt A ARILNE AT YRRl @nsk, @ ele o

| east one drive (10 e systemtor generating a in a
vi brati ng nmeasur i ngnibdifise f{i&)-offcipmatiiorngntrated driva signalinelueling edifferedt i ve

chain (C1, C2, C3, nodi fies.at |eas n i.ck-of f signal in _a manner
that reinforces a pgfy%l‘i‘edlﬁl”é’ﬁé ﬂalfg'ée?tl"écﬁ{?é}%@ﬁ”gtﬁﬂil 1§'l§(5?)?tfj§fgégn%‘f%é’l“tdri ve
frequenci es. (103A);

15 with the one or more electronics (20) being configured to select a drive chain
from the at least two available drive chains (C;, C,, C;, Cy), process the at
least one pick-off signal with the selected drive chain to generate a drive

signal, and provide the drive signal to the at least one drive (104).

20 2. The system for generating a drive signal in a vibrating measuring device (5)
according to claim 1, wherein each drive chain (C,, C;, Cs, Cy) modifies at least one
pick-off signal in a manner that reinforces a particular drive frequency and suppresses

other drive frequencies.

25 3. The system for generating a drive signal in a vibrating measuring device (5)
according to claim 1, wherein each drive chain (C,, G,, C;, Cy) includes a filter that

filters out undesired modes of vibration.
4, The system for generating a drive signal in a vibrating measuring device (5)

30 according to claim 1, wherein each drive chain (C;, C;, Cs, Cy) includes a phase shift

algorithm (P, Py, Ps, Py).
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253. The system for generating a drive signal in a vibrating neasuring
device (5) according to claim1, wherein each drive chain (Cl, C, C3, CN
includes a filter that filters out undesired nodes of vibration. 4.The
system for generating a drive signal in a vibrating neasuring device (5)
30according to claim1l1, wherein each drive chain (Cl, C2, C3, CN) includes
a phase shift algorithm (Pl, P2, P&,_ PN). .5.The systemfor generating a
drive signa | nre WSHER QT BGRSTRLE & friye HERAl e (J%‘dnn@demﬁmﬁgdqvm@i m 1,

wherein ea ] i : : ;1 dacl ad i j J :

al gorithm %‘%Pgﬁg% é&lﬁi %@g%a%%‘ge% léir#tcfl’orz’g%ng )gﬁlﬁ%%;g %r%? %/dég%}ﬂ nal in
a vi br at i nggomthatfGnG,,d8y G (5) according to claim1, wherein a user or
program sel ects the drive chain (Cl, C2, C33 CN) 7. The system for
generating a drive signal in a vibrating nmeasuring device (5) according to
claim erein, t " in (£ €N &%g;r&? ; rding to
10whet hjsrer%(;'nt rar’fhr?e ﬁggi;fo}‘gefpe?%?%ﬁt&ﬂvﬁ S%ﬂgl ﬁgao\’/\ﬁ%mg?ﬁstan ed.%%cgigﬁhe for
gener at i nacaomiigvie ckdigniglwhereima vbdrrcatprogyammselsets thegirile\cherm (C5)CaCedldi ng to
claim1, wherein the drive chain (Cl, C2, C3, CN) is selected according to
the noise of the pick-off signals. 15 9. The systemfor generating a drive
signal in-a vi [ ' WY : ' i wher ei'n
the dri ve Bhai riLaL Her gufet B SR el i e e e (5 bl e

t hat con- elcadrdimgao chimel, whefeircthedirive ohaint(G,, €2 €i, €y) & seltbctedesccdrdingso (C1, C23
C3, . 20 . 10. A nethod for generating a diive signal for a vibrating
measﬁpng g engagne g?’ﬁ:‘PBEﬁsg@ l’éfhelftll-:%}’gﬂgé‘r%t%ﬁduit (103A) configured to
receive a flow ng substance, at |east one drive (104) that vibrates the at

| east one conduit (103A), at |east one pick-off (105) that neasures notion
of the at 8 easfTheder groexdting a dti08 Menaltihe wiatimgineaswping sevige (Nac@sdingps of :

o oy1 619 e LB SLAELARTE, 200 RN S LR R Bl L o0,

el ectroni gai{A@lighals! uding at |east two available drive chains (C, C, GC3,
CN), \i\?erei n each drive chain of the at |east two avail able drive chains

9. The system for generating a drive signal in a vibrating measuring device (5)
according to claim 1, wherein the drive chain (C;, C;, C;, Cy) is selected by accessing a
look up table that correlates a variety of conditions to particular drive chains (C;, C,,
Cs, Cy).
20
10. A method for generating a drive signal for a vibrating measuring device (5),
including at least one conduit (103A) configured to receive a flowing substance, at least
one drive (104) that vibrates the at least one conduit (103A), at least one pick-off (105)
that measures motion of the at least one conduit (103A), the method comprising the
25  steps of:
providing one or more electronics (20) configured to receive at least one pick-off
signal from the at least one pick-off (105), with the one or more
electronics (20) including at least two available drive chains (C,, C,, Cs,
Cy), wherein each drive chain of the at least two available drive chains
30 (Cy, Cs, C3, Cy) modifies a pick—off signal to generate a drive signal
including a different frequency and a different mode of vibration in the at

least one conduit (103A);
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30(C, C2, C3, CN) nodifies a pick-off signal to generate a drive signal
including a different frequency and a different node of vibration in the at
| east one conduit (103A); wth the one or nore electronics (20) being
configured to select a drive chain fromthe at |east tw avail able drive
chains (Ch C, C3, CN), process the at |east one pick-off signal with the
sel ected drive chain to generate a drive signal, and provide the drive
signal to the avith 8msimeanewte eleetr¢riiCei(20) bddg cortimsunest thaeletior drijermnmt i ng a
drive signal in a vibrating neasurin evi.ce (5 cordjng to claim 10,
wherein each drive éﬁgpﬁle(%lqasrdgo %ﬁa@ﬁﬁim%m(afr?sé??’a ’géf’a@i)’ Heeessithiaatof £
signal in a manner YAt oXeLhinf-BEGEshaR witBihd CilcRd (e Baiht6 QURRGY adide
suppresses other drive frequencies. 12. The nmethod for generating a drive
signal in a vibrati signakasdiproviledby iigee {ignal dxthenatleast dne deivai( 410, wherein
each drive chain (Cl1, C, C3, CN) includes a filter that filters out

undesi Ped nodes of vibration. 1513. The nethod for generating a drive signal

in a vibraying Tﬁ%@ﬁaﬁwﬂ)rgﬁ)ﬂé@%ﬁ(éaﬂ%gmimgvivopatﬁg%éﬂs&%%atéwe k. each
drive chain (ClL, C2, C3, i ncl udes a phase shift algorithm (P11, P2, P3,
PN) . 14ccartimgrietlaod 10owheemesagh idrige ehain (Ve Csi G &y) inodifies ableadt iong

measuring devige. (5). 20 accordin 0 claim10, wherein each,drive chain
(ar o e of ighRlip B hes gk it Brag gl GBS FRAHApEY STB PPESSes i
15. The meiihedril@freg@iRIeali ng a drive signal in a vibrating measuring
device (5) according to claim10, wherein a user or programselects the

drivelBhain (Cl1, C2, C3, 25 CN). 16. The nethod for generating a drive
signal in Vi brat i asuri deyice.(5). according to clajm 10, wherein
the dri velghai }rﬂlf @fft}%égt?;r EFCTEN g EESt 8%@&"@‘8@%3}?55%1%&0[?2?) ent r ai ned
gas is pr @@@ﬁ_ﬂin}g@o&l_ﬁﬁ‘nflb,%é?@insdd@lﬁﬁﬁf@@hairﬁ@l,%ZjC-EDQNmblhﬂékéﬁHerQEﬂer ating a

drive signal in a vibrating neasuring device 5
filters out undesired modes of vibration.

15 13.  The method for generating a drive signal in a vibrating measuring device (5)
according to claim 10, wherein each drive chain (C,, C;, C;, Cy) includes a phase shift

algorithm (Pl, Pz, P3, PN).

14.  The method for generating a drive signal in a vibrating measuring device (5)
20  according to claim 10, wherein each drive chain (C,, C;, Cs, Cy) includes a gain

adjusting algorithm (G,, Ga, Gs, Gy).

15.  The method for generating a drive signal in a vibrating measuring device (5)
according to claim 10, wherein a user or program selects the drive chain (C,, C,, C;,

25 Cy).

16.  The method for generating a drive signal in a vibrating measuring device (5)
according to claim 10, wherein the drive chain (C,, C;, C;, Cy) is selected according to
whether entrained gas is present in the flowing substance.

30
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according to claim 10, wherein the drive chain (ClL, C2, C3, CN) is selected
according to the noise of the pick-off signals. 518. The nethod for
generating a drive signal in a vibrating nmeasuring device (5) according to
claim 10, wherein the drive chain (Cl1, C2, C3, CN) is selected by accessing
a look up table that correlates a variety of conditions to particular drive
chains (C1, C, C3, CN). 10 19. A conputer program product conprising
conmput er ukabl eTlreagethod foraledeiatige £ ddeetighd] én g odeating measeritig dedca(FHr ocess
for generating.a drive signal .for a vibrati n%b‘rreasusi_ ng. device (5), the

i

process coﬂ?ﬁ?ﬁdﬁ&@:dﬁﬂ@tkqsWh@@el%fheld_@é@t“h@ﬁécp kCafln) & ssipgtedraceRilae tpeast
one pi Ck'&é{eg&%@%ﬁhe}ﬁél@&ﬁk%&% drive chain (C1L, C2, C5, CN) fromat |east

two avai l rrve al ns C2, C3, CN), wherein each drive chain of
the at |least two available drive chains (C1, C2, C3, CN) nodifies a

pi ck-of f signal _to generate a drive signal includjng a different frequency
and a @i f 8 entl} hwf foy igppegatinga dpve fgnahin 3 wREngfacasuiieg deviger§3A) ;

processin . at. | t1n0 t.Cck- aff . s it . Y hai n
Fo 20generstaiziiye e BRR 10 RReRIEE Lo ShARTE, (1, €, CTicNBloERURT okl 602,
one dri ve 1¢diodp table thaCorrlaeescormpictyest qadgivamopraoihntir dive ehalnndC,«C,¢cl ai m 19,
wherein each drive chain (ClL, C2, C3, CN) nodifies at |east one pick-off
signal i n G Gwhner that reinforces a 25particul ar drive frequency and
suppresses other drive frequencies. 21. The conputer program product
according to claim19, wherein each drive chain (Cl, C2, C3, CN) includes a
filtedOthas. fi A @mspudertprogramsiroéutt nompdsing computat usable 1BE1I2A. iddlediognput er

program product according to claim 19, wherein each drive chain, (Cl, C2,
03, JON) | FESUHEDIE CPAB AR e eI 2 BIOGESS D HSRIPIESNE pEnIvRSiZngpT & Vipting e

corpuer AR RAEANS) SR SSpRgREL 1o e ot each o ve o

receiving at least one pick-off signal from at least one pick-off (105);
selecting a drive chain (C;, C;, Cs, Cy) from at least two available drive chains

15 (Cy, Gy, G5, Cy), wherein each drive chain of the at least two available drive
chains (C,, C,, G;, Cy) modifies a pick-off signal to generate a drive signal
including a different frequency and a different mode of vibration in the at least
one conduit (103A);
processing the at least one pick-off signal with the selected drive chain to

20 generate a drive signal; and

providing the drive signal to at least one drive (104).
20.  The computer program product according to claim 19, wherein each drive chain
(C1, Gy, C3, Cy) modifies at least one pick-off signal in a manner that reinforces a

25  particular drive frequency and suppresses other drive frequencies.

21.  The computer program product according to claim 19, wherein each drive chain

(C1, C,, G4, Cy) includes a filter that filters out undesired modes of vibration.

30 22.  The computer program product according to claim 19, wherein each drive chain
(C,, Cy, Cs, Cy) includes a phase shift algorithm (P;, Py, P3, Pyy).

14



24. The conputer program product according to claim19, wherein a user or
program 5sel ects the drive chain (Cl1, C2, C3, CN). 25. The conputer
program product according to claim 19, wherein the drive chain (Cl, C2, C3,
CN) is selected according to whether entrained gas is present in the

fl ow ng substance. 10 26. The conputer progran1product according to claim
19, wherein_the drive chain (C1, i S selected according to the

noi se of tR& p| The %ﬁlﬁplgﬁldﬁaﬂ@m Wd“cfﬁéc%éﬁ%é‘? aimy [ ¥ heseipeatiueRveae st di ng
toclaim1l elected b
access: ng & f 0@ %p“%ﬁjg %é@n%ﬁsﬁ%}ta& grigfg 3%@“&)?@?“ ons to d
particul ar drlve chai ns (Cl, Cc2, C3, Qu).

24, The computer program product according to claim 19, wherein a user or program

5  selects the drive chain (C;, C;, Cs, Cy).

25.  The computer program product according to claim 19, wherein the drive chain
(Cy, C;, Cs, Cy) is selected according to whether entrained gas is present in the flowing

substance.

10
26.  The computer program product according to claim 19, wherein the drive chain

(C,, Gy, Cs, Cy) 1s selected according to the noise of the pick-off signals.
27.  The computer program product according to claim 19, wherein the drive chain

15 (C,, G, G, Cy) is selected by accessing a look up table that correlates a variety of

conditions to particular drive chains (C;, Cy, Cs, Cy).
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