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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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multiple modes, as a practical matter, it has been difficult to switch between modes
because a single fixed drive chain is not capable of generating more than one mode.
This is particularly problematic where any analog hardware, due to its fixed nature, is
included as a component of the drive chain.

20 The present invention is directed to overcoming this disadvantage inherent in

prior single conduit systems.

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
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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;



at | east one pick-off that neasures notion of the at | east one conduit; one
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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.



each drive chain nodifies at |east one pick-off signal to generate the
drive signal; each drive chain generates a different node of vibration in
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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.



Preferably, each drive chain includes a filter that filters out undesired
nodes of vibration. Preferably, each drive chain includes a phase shift

al gori t hmvoRpefm@e@l y, each drive chain includes a gai nPadjusseosnes92s

al gorithm Preferably, a user or program selects the drive chain.
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PRESE L?ﬁg%%kﬁgﬁﬁﬂjﬁﬁ%ODleNT FIG 1 illustrates an exanple of a vibrating
nmeasuring device 5 in the formof a Coriolis flow neter conprising a sensor
assenbly 10 and one or nore el ectronics 20. The one or nore el ectronics 20
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sensor assSgihlVoh? ned&! dd is%goﬁbéns&f asfsEI%BQﬁPO I oRnet H8ke eledRHiéLIHs 102
and 102', and conduits 103A and 103B. Mani fol ds 102, 102' are affixed to

oppodidng Eredsneadr hére cdamicbni ds 0108 Aonik@8&H. to Seasvg @ssehibly dAdo hbsurofa t he
present exanple are affixed to manifolds éoz and 102', Manifolds 102 and
102" of t9harasicaistnOf @ iovang subsanses Juch @s+for spppRlcr eensifsmass Lo, 106.

Spacer 1 I i i SRAG t i : 1 102" in the
pr esent ggﬁﬁg @%gg%%?égg%? un%%%%@gﬂﬁgﬁ ra |b%§hﬂ§mégﬁgggg§ﬁ103A and 103B.
The conduits eRicads@uisvarnisllyyl Ofiheldéhepaor flehgs 100 aad 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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essentially parallel fashion. Wen sensor assenbly 10 is inserted into a
pi pel i ne system (not shown) which carries the flow ng substance, the
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conduits 103A _and 103B, flows through cqonduits 103A and 103B _and back jnto
outl et mani f ol 18 tHODFS G FRIPIe, 836 4167 HEAS bribe firsavs PVSE%@{WS %34hge

101'. Th . e i 104.
The driveahd S ARG B prite R ST b AS L ARG Redld Mot
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conddi0t s 11034 1888 ta @3&llace driven by drive 104 in opposite directions about
their respective bendipg axes X and X . A drive signal in the formof an

al ternating cd'FfrOéﬁprf]Pgﬂﬁ%ra\ﬁﬁab@ t§9a8ﬂéﬂloarpprﬁ9|wéeéhaéeﬁ}e5ﬁrla¥§ masles §igeas f or
exanpl e vj g g i u duits
T3 0357 ST skpge offhE RASREA HMAL B M35 ot ticenpl. B Bk ibde SROC &
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invention. By way of exanple, the drive node nmay be a tw st node as
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parti cul aftiyed fo donlduftt ¢63 R f03Mr MO BartioBlarly NAWE bick-off portions (not shown)
are located on conduit 103A and second pick-off portions (not shown) are located on
conduit 103B. In the embodiment depicted, the pick-offs 105, 105 are located at
opposing ends of the conduits 103A, 103B. The pick-offs 105, 105” may be
20  electromagnetic detectors, for example first pick-off portion magnets and second pick-
off portion coils, that produce pick-off signals that represent the velocity and position of
the conduits 103A, 103B. For example, the pick-offs 105, 105 may supply pick-off
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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are |l ocated on conduit 103A and second pick-off portions (not shown) are
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i nf orlGat i on t dnrkasxarepla shénan ac FEGI Ktthe owd oambloelectgorch?l provede sdigte as,
for exanple, density, nmass flow rat egy\é%urre flowrate, taotalized mass

I
flow terpeizhiaihe driid Vot AAPreRar BT HBRY-Srir verhaime demixqinde BYVORRERS Gisbr at i ng
measuri ng- devi egh 0wl Gl 1R Semi i mEXCSTE. 2%ohﬁ}és%n%'o9%cg8§>?ék§oﬁ%i nals i
S ) T oWl S 5 '

densi t oneter asure a characteristic of a ng su ance are we

under st oafinasee thdtatingorasdihe ,aﬁpko‘{SriaféadrﬁFH fr&¥menby b supplessthethdt ggvosur e of
which is hereby incorporated herein by reference; therefore, a detail ed

di scussi drequeneigs-t Fed cxanplgr 2diivy clagin Chimpyoaedify gia mek-offsignad baxddigping shown
A O R s R
C2, C3, GNd phashiftihgtthe s b0 dA flthe AfivERaindnodTBed fHe@heRen@e plaN-6ff
pi ck-of f signals in a manner that reinforces the appropriate drive
f r equencsigmads, shepanpeseste dtimesigdal weent to drive 105 in order to vibrate the conduits
103, 103".
Those of ordinary skill in the art will appreciate that the drive chains of the
20  present embodiment may be embodied in a software product, hardware, or a
combination thereof. For example, the drive chains may include analogue hardware 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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frequencies. For exanple, a drive chain G may nodify the pick-off signal
by filtering out non-desired nodes, i.e. the nodes of drive chains C2, C3,
CN, adj uswongimiogteal gai n, and phase shifting the signalPCTASc@s/068928 dri ve
chain nodifies the one or nore pick-off signals, the appropriate drive
signal is sent to_drive 105 in order. tq vibrate the conduits 103, 103'.
Those of Gr Gifap figgppg of Aokl WENAlS i APl Bat HIPPTOSHRS A Enai s of
the pr es%qg%ﬁ?%@'iﬂﬁ?&in%h&%rﬁ%%h@ ibdo PotROf r\f\?er&aﬂ{s(?q%%vlaﬁg?r dware, or

a conbi nat €r eo exanpl e,” the drive chalns may 1'nc e anal ogue

har dwar e gxanipis ehelt driod caih Ugr G,, @dCs afdyvias grovided pridcstdsas oné GilteeKamp)] e,
one or nore ai}{gorithm; that phase shift the signal and adjust signal gain.

Tur ni ng dowfr.dorpample ap adgmsamms iardyarg, drlpase o8y phasgshit plgoy vtthat is

capabl.e | gct | ifferent drive chains. h i n, Fl . h rive
ayor em 701 Fr 4 W) GhecPhin Vg b QR £5, 3RS Fbgly ohOBRER® o
G, and @kk-H I;H]g’lﬁth@ap%@pﬁgﬂ@%ﬁmf&_ the present enbodi nent, each drive
chain, for exanple drive chains Cl, C2, C3, CN, is configured to generate a

di fferent dri vEhdse ofjaahegryokilbini the arfegerecde thad thegparocwdaotl penthaspect of t he
present enbadi nent,. .each drive chai for ex | e ri ve.chains .. C2, C3,
oo FTRSOYTEW ) g B LB TRRaRS T RIS AP RGBS he
appropri ghe aﬁr\i/iﬂeapgfe%?df@ﬂﬁ)[jrp rabh@d vilirhie AL iIn ARSI diaROsdRrM Bt ngNot her
aspect of the present enbodi nment, each drive chai'n, for exanple, drive

chai 19 ClideGRalR) caChl othoeati Fioe sxangelepandmatdinpitarktoot fhratimgnabssuringalenganer t hat

suppresses other drive frequencies, including other drive frequencies, of

ot her dr i%@l@ﬂéﬁ%&.@n Bl Icqetf0 8P extsE-dn thedbmayntad redvs; i teair dispribution afN ray
be provi i i o g :

al gorit h?nﬁ%srs’ na@%&gqrg?&g%m?gglg tEé %r%cg()rpﬁé%%eﬁéﬁls f lﬁ'oalt{':%kdra ??%nmﬁéwlﬁg& PN,
and at | eaditaneteordRinRit@of thetpaniciddrgobstaicd Wt fléws tHdugIMetdoatuiThdye sthe or

nore pick-off signals in the appropriate nmanner. Those of ordinary skill in
the art appieni duB in Hetart well ppprecietsl that evegsmallthifenpesopadasy distripapend on a
nunbgr of0 actors. Jfurt her npre ;Oh?fee gf Qr di nar M]gs Ki tl(l:u in @Qte art Wi ||
appr éi at® PH5 VPH k?Pa@?pf Ef%, \ﬁ'ngr A r‘ﬂ& Wé%sﬁpfi r% ( é:{?iréesl asrll 6%?153 ally not
i dent i caldeh@iteafthePahtffularkabsteX@mhefloR§ thrh@th fhicoh&6it (o1l affelrtas i Ng
measuri ng devi ces
particular drive chains and algorithms used. Accordingly, those of ordinary skill in the
art will appreciate that certain routine testing may be required in order to determine the
appropriate drive chains or algorithms for a particular vibrating measuring device.
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, Gy, 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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generally differ, at least to sone extent, in their amount of mass, in
their distribution of mass, in the vibration anplitudes and/or frequencies
i nvol ved,wearndioa24ohe parti cul ar substance or density of PCmAISp@siossoRs ar
substance that flows through the conduit. Those of ordinary skill in the
art will reci ate that. even small_ differences in mass, distribution of
mass,  vi BFAE BrCaHBf PHYfE<he ReGP- ﬁye\a@éﬂﬁwﬂﬁyetéﬁatheﬁ CXHBPIS A RIPEFHOT
substanc e
condur T vy ] A Pone pReolt 8RR bR ARG b o pArE Bt
Accor di nglhyinst hose of ordi nary Skl Il in the art will appreciate that
certain routine testing be required in order to determ ne the
appropriate dr F@@L@%QP ﬁBPQantéPé]@?Setsk%edlerth%arﬁéhaﬁ ilt(:lﬁul“aﬂlll%'ﬂ?@rsﬁppﬁhgf‘ﬂ?éasurl ng
devi c LN m.70.incl.u [ive.ch

el ector He BB shlirkly o s OB s I s RS LT RA AT pRERT e
chai n sel\gefafifig ﬁah@rlﬁgﬂ!émgél ﬁMu&lﬁ%aﬂok @X\érﬁcgieeééﬂsﬁﬁrrféfer@ h@geﬁ@]@"s@@f fhat e drive
chain, for exanple, drive chains CN. Those of ordinary skill in
the art wiunhbeappdewesathe nirabendf@idebHettbe operaghg tielepf odatiomms sl ment may

be enbodi in of t war u har dwar e I a co nation ereof. By
ey of exEshind dRrel R R byt rahe. B BsS TRl HRESh and! or
may be a s@@él‘f\é’%&%b}é@ tO{QER Fose sﬁflle@%ﬁ‘@[’@ £t hGwRb AERSINWNSE BldbARt Hx%@é ofr
program selects or 1nputs, as at 76, the desired drive chain Cl, C3,

t o bdOusete ileatiodi Rgt the purpask tofi &taichmg inh@rts e pripamiess sbae cdmvexnelonhﬂal nis

e S T B! BB T
measur emi‘\%trﬁu‘)ﬂs ﬁ‘gltﬂ @s RaSal" 't}ﬂﬁ‘?heg?c% E%fﬁ{e‘%ﬁ%ﬁu nBym’é@c}’eté]n d]yet

anot her exanple I’I ve C aln nmay ener ate pic

have |eSSde@ﬁh1§:ibnsi0fﬁle Met:ﬂb@tinhﬁecy amcd:rexaaus@vé ﬂesw@m@ns bhatt di ffers from
ot herfrequencies that arise in the system By way of still yet another

exanpl e #mphasgngnts senigawlatad Py shewysntary tode \Mﬁhlnatbq: équﬁath thoventzares a

vari ety of conglition ul.ar drive chai b parent to

hosd i 11 ca hen bR aRleR Rlq F Whf ke b sfatReR BB P heelBR

i nventi 0rueg@a%ﬁeerﬁmlmh@%@abeﬁlcﬁjsgﬁw&ﬁﬂblh@d 8t Blitntha€QMoltedté itthdrt h any

type of vibrating nmeasuring device, including, for exanple, densitoneters,

regar dl essntyfdimhets panrdoseich diirtieri ovtmdimbets halhipathirothepicepe afd teachtings @pbeat i ng

mode. of \ﬁh\?énz%ltoan r}t W?l'i altsg %e apparent to those of ordinary skill in the art that the above-
described embodiments may be combined in whole or in part to create additional

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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determ ned characteristic of the flow ng substance. The present description
depicts specific exanples to teach those skilled in the art how to nmake and
use the beetormmdetoof the invention. For the purpose of wPeaaiskovg/obsyeenti ve
principles, sone conventional aspects have been sinplified or omtted.
Those Skiuﬁﬁg in the art will appreciate variations fromthese exanpl es
that fal Il GeWh the scope of the invention. The detail ed descriptions of

t he above enbodi gl : NI : : di ment s
cont ompl at ed. By TRa" o0 B in ST ARE LR, RFEBh M Hin i S0BT on.
Persons sdoiniprsthd:n the art will recognize that certain elenents of the
abovedescri bed enbodi nents nmay variously be conbined or elimnated to
create furtherat&asbeheandyit (é&ﬁ%@mﬁgumé togeceiti a dloNeng sulistancein t hin t he
scopeand teachin of ;the i ntioen. It wll also it to those of
ordrnary skt t i RRERE G hAY B et el BB B BRRENEE sy be

combi ned in wWhell@sPénd picRTE (109) EHak Ble@sigedhiotion i tIRIMIQEHsIBAS Sondulithi N t he
scope and teachings of the invention. Thus, although specific enbodinents
of , and exanpl(@83Asr, the invention are described herein for illustrative

pur poses, various equival ent. i.f.ications. ar ossi bl e .wi thin the ope of
Phe’ mvent | on Pr s TefRhia2d e Rt J P PERRV e RS o e e

t eachi ngs provjgegdipsherein may be applied to other enbodi nents than those
descri bed above and shown in the acconpanying figures. Accordingly, the
scopdOof the i nventdao drise dedien @i, nedChyrOCm mbéiffeoht eastropeqlici-off . signal & M 1.
A system for generating a drjve signal in a vibrating neasuring device (5),
conprising: at | easteneiée hesaiyesignBb3A) configured to receive a flowing
subst ance; at | east dri 0 Vi br S, k: Str VoG GQoNdui t
(103A); at | east oneé‘glg?E%S@ng%g%b ttE’Z(FN) %gﬁa&%sagrlrlo fégltr%njé tcﬁe at tlﬁlgast
one conduit (103A);in@heatdeasione cehddt (108Ags (20) including at |east two

drive chains (C1, C2, C3, CN), wherein: each drive chain (Cl, C2, C3, CN
nmodi fi es at | dhepnopemererlcetonies Gainaleding a drive chain selector (75) for
15 selecting a drive chain (C;, C,, C;, Cy) from the at least two drive chains (C,, C,,

Cs, Cy); and
the one or more electronics providing to the drive the drive signal generated by

the selected drive chain (C,, C,, C;, Cy).

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,, C;, 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,, C,, 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,, C;, Cy) includes a phase shift

algorithm (Py, P,, P3, Py).
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generate the drive signal; each drive chain (Cl, C2, C3, CN) generates a
different node of vibration in the at |east one conduit (103A); the one or
nore el ecwoaniog®24020) i ncluding a drive chain sel ector @ZH)USk@s/osecti ng a
drive chain (ClL, C, C3, CN) fromthe at |east two drive chains (Cl, C2,

C3, CN) ;_and the one gr nore el ectronics viding to the ive the drive
si gnal  geher at &t Byich  EnEeHBE Adk oS SRk t@iatlr@zne@yﬂn@%wce ) The

system f t
ecor ai nge g RLE I f therkfh SLARRYe e DaR (F o eat IBERKE! PG EeY o
| east onelgoritknof(,, 6, 06alG)n a manner that reinforces a particular drive

frequency and suppresses other drive frequencies. 3. The system for
generating a drive signal in a vi brati ng measuring devi ce (5) according to

15 S AN SIS ST

fllte?s out un es
drive si gi&@d)rdhﬂg @ it @twn&eﬂﬁaw bﬁﬁr G‘s@le(:é)th@@ﬁ@é ghd18 (Cﬁ C]gt ai, le h
i al gori m

¥h
wherein each drive chain (Cl, C2, %l) i ncl udes a phase s
(P1, P2, P3, PN) .5. The systemfor generatl ng a drive signal in a

vibratin measyyr i devi ce accordin 1, wherein e dr|ve
chai n (oo Hies ety Hirientrabind § Bieide] Bty R ntgor RO Ce e e oo

6. The & RYSIB ﬂcOQLrlalg’? n e&zﬁérbﬂlgth@ ek %ﬁalﬁ'(@?ﬁttz, ), @N)Vlk, RERER Qc&%ﬁfgrtb n 9
device (5) according to claim1, wherein a user or programselects the
dr i vdOchavineti&€lentt@hed @s 1@#)asent7n thehéovemgtsebsthre. generating a drive signal

in a vibrating nmeasuring device (5) according to claiml, wherein the drive
chain (Cl, C2, C3 CN) is selected according to whether entrained gas is

present i th eﬂgfosrgéﬁ&%ﬂﬁ £a divel f}ﬁsé @i‘%&%ﬂffg rﬂ?&%ﬁﬁg?d@wgif@ (%i ve

signal in'a v eV|ce accor erein
the dri vac@mlnﬁg t(leamCB,, wﬁaeln% drise sBAiAGUEACACK 0@9) Rgeleotet hecardinggoof the

pi ck- of tﬁle %lee Sof the pick-off signals.
15
9. The system for generating a drive signal in a vibrating measuring device (5)
according to claim 1, wherein the drive chain (C;, C,, Cs, Cy) is selected by accessing a
look up table that correlates a variety of conditions to particular drive chains (C,, C,,
GCs, 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) with at least two drive chains (C;, C,, Cs,
Cx), wherein:
each drive chain (C,, C,, C;, Cy) modifies at least one pick-off signal to
generate a drive signal used to vibrate the at least one conduit (103A);
30 each drive chain (C,, C,, C;, Cy) generates a different mode of vibration

in the at least one conduit (103A);
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9. The systemfor generating a drive signal in a vibrating measuring device
(5) according to claim1, wherein the drive chain (ClL, C2, C3, CN) is

sel ect ed W9 20000301 ng a | ook up table that correl ates aPganiSeaos/06§928
conditions to particular drive chains (ClL, C2, C3, CN) . 10. A nethod for

generating a drjve signal for vj brating. nmeasuri device (5), including
2t Teast one cHIsatngados al@&ﬁméu dCrbfp F@bﬁgstrt}fvmcrwg Ci]a%t@mfgzg at
| east one drive ?151 that vibrates the at |east one conduit (103A), at

| east one pi ck=of 7 85) that neasures notion of the at |east one conduit
(103A), the ngirbodirgoipdiriste REnhhgerriapsd bothe qulavdding: ¢hiagn OT,, MBS E€;, Cy)
electronics (20) with at least tw drive chains (Cl, C2, C3, CN), wherein:
each drive chéprﬁhf(@lYe-CZ, C3, CN) nodifies at |east one pick-off signal to

genergte a drive signal used to vibrate the at |east one conduit (103A);
each drive chain (Cl1, C, C3, CN) generates a different node of vibration

in the at]il easthedRgthe@Tetidnetat3A) did@! @6hd1Mg aditatinenfehairmodelice@@) C3, CN)
fromthe at least two drive chains (Cl, C2, C3 ; and providing the

., CN)
drive si gradrdgeniorciriedl Gywhdreingetle dtizd chigin y€,dhalCn, ¢:O1nodics agleastidpet o t he
drive. 11.. The. nethod for generati a drive .signal.in a vibratin
reasur | ng O R & oeaRth gL RvERer aprpc B rsleRe T SR (ca,
C2, &, Mermicfr&Rcalics €ast one pick-off signal in a manner that
reinforces a particular drive frequency and suppresses other drive

frequéncies. 12. The nethod for generating a drive signal in a vibrating
nmeasuri ng device (5 ccording.to claim1Q, wherein each driye.chain (C1,
c2, C3, ! e etiod ey pansratingah 0iYq 1R A TRIAGR Meavi HREEY I )

ot g - A . . . . .
oot | noeading BIATR S AEAGERUALL BB (B 0 2 Olhehllofe WNEE BRI
C2, C3, GiMjeri ool willesiréd pldseohibfdtioal gorithm (P1, P2, P3, PN)

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 (Py, P,, P3, Py).

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,, C;, Cy) includes a gain

adjusting algorithm (G, G,, 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,, Cs,

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,, Cs, Cy) is selected according to
whether entrained gas is present in the flowing substance.

30
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14. The method for generating a drive signal in a vibrating neasuring
device (5) according to claim 10, wherein each drive chain (ClL, C2, C3, CN)
i ncl udes wogaiomoamiusti ng al gorithm (GlL, &, G3, G\) . PET/Ush@smegobed f or
generating a drive signal in a vibrating measuring device (5) according to

| 10, l.ects the d h Cl,
&y 16,1 Hhe TheHGHOAG RGBT e angpraing ﬁﬂeés@ir%réqv.%(%ieasun g
dovice (SkaaReardlaa foShimiilfe MELRIR (1L Irie SRR Flecddn G OV

i s sel ected ng to ether entrai ne esent 1 n t

subst ancehd Roisd bé thegiiblodfff dgnagenerating a drive signal in a vibrating
measuri ng device (5) according to claim 10, wherein the drive chain (C1,
C2, C3, CN) is sel ect ed according to the noise of the pick-off signals. 18.

The th for en I ve S evi ce
(5) adcordrng V6 RuPh T AGRpL Sl a Bt BT

sel ected éé}éor@@rﬁgeﬁﬁdlzﬂﬁq 0, |\91§Bire1lﬂlﬁthé dﬂb@ clﬁzﬂﬁ‘(C? q el,, 3@%%) §el¥@téd %&)écéﬁssmg a
conditions to particular drive chains (C1, A conputer

progr am peokdup tatdo that p@nrdgtescarvpulte‘efrommt@nmt;@p@nﬁncuhc duie n@ale&éEu,t@dal e code
for execg& g\% a process for generating a drive signal for a vibrating
measuri ng-d "ce (5), the process conprising: selecting a drive chain (C1,
C2, C3, CN) fromat least two drive chains (Cl, C2, C3, CN), wherein: each
drive chain (Cl, C2, C3, CN) nodifies at |east one pick-off signal to
generlét e t%he dkicompaicypadgramaubdutrticompeivmigreofr@hiter@@ablE3nedin igelné'mgt es a

di fferent node of vi gatl on.in the at_|east one conduijt @03A and

provi di ngeX@ﬁétahlﬁc\?ée TRAPUNERPEOCES 9] Sensating 2 drixgsigpahier andirating1, o2,

G O R8I0 oo AR, PLO0" el product socord g (o
pi ck-of f si gnakldcting am@iveehainh@,, CgiMf OfLR6maat least two drive chains (C;, C,, Cs,
Cx), wherein:
15 each drive chain (C,, C,, C;, Cy) modifies at least one pick-off signal to
generate the drive signal;
each drive chain (C,, C,, C;, Cy) generates a different mode of vibration
in the at least one conduit (103A); and
providing the drive signal generated by the selected drive chain (C;, C,, Cs, Cy)

20 to a drive (104).

20.  The computer program product according to claim 19, wherein each drive chain
(Cy, Gy, G5, Cy) modifies at least one pick-off signal in a manner that reinforces a
particular drive frequency and suppresses other drive frequencies.

25
21.  The computer program product according to claim 19, wherein each drive chain

(Cy, C,, G5, Cy) includes a filter that filters out undesired modes of vibration.

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

30 (Cy, Gy, Cs, Cy) includes a phase shift algorithm (P, P,, P, Py).
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particul ar drive frequency and suppresses other drive frequencies. 21. The
conput er program product according to claim 19, wherein each drive chain
(C1, C2, wB,2010Mp240mcl udes a filter that filters out undesiTrisdoosnesss of

vi bration. 22. The conputer progran1product according to claim 19, wherein

each drlve chain (C1, i ncludes a phas sh'ft,al rithm(P1, P2,
P3, PN) . %%H@renrogﬁaabp%usfrweam%&@ Vhereingah daive éanei n
each driv cal I ting al gorithm (GL,
X, G3, é% %%gwg%%%g%anl %%rgzﬂgﬁgg g?d?§ to claim 19,

wherein a user or progran1se|ects the drive chaln (C1, C2, C3, CN) . 25.
The conput er program product according to claim 19 V\/nerel n the drive chain
(CL, C2, A3, Qe IonpErTeRioa@apEdhes 3rgorbngiree nn 18 e Hiealuspa o1 PEOgBs ent

in the fl a onputer program product according to
cl ai nslgfgﬁﬁgrhgﬁgvggﬂﬁﬁ(c q%%ghh Cl, C2, C3, CN) is selected according to

the noise of the pick-off signals. 27 The conmput er program product
according to claim19, wherein the drive chain (ClL, C2, C3, CN) is selected
by accessing aTheoqmnmﬁeltmbg@rm pmducchetchmgs) damﬂi),ewbzer@fn thoddiveicbais t o

particul a(rcl’d {32,\633, Ehfls régle%te:(ll accor’dlng to V%\cher entrained gas is present in the flowing
substance.
10
26.  The computer program product according to claim 19, wherein the drive chain

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

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

15



