;tuedec "\.6T >E 22 July 2004 Circuitry for Supplying A Controlled Signal

To A Drive System Field of the Invention This invention relates to

providing a current to a load. More particularly, this invention relate
23R 2004
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A third problemthat is also particular to a drive systemof a Coriolis
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the driver system. Therefore, the drive signal must minimize the difference between
peak values and average values to maximize the efficiency of the drive system.
30 Solution
The above and other problems are solved and an advance in the art is made
by circuitry for supplying a controlied square wave to a drive system of this invention.

The circuitry of this invention allows a single power supply to supply voltage of
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Preferably, the circuitry provides a drive signal applied to a driver of a
Coriotis 5 flowreter to cause said driver to oscillate conduits in
opposition to one another. Description of the Drawi ngs The above anrcﬁlzjt Soo4
features of this invention can be seen fromthe detail ed descriptio
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Met er assenbly 110 includes a pair of flanges 101 and 101', manifold 102

and tonduits 1axdgntp adpst ther anglitudeiof girsnterplied te the lozes the H-bodge lSand
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condui t qpgiHbAtEE andhesliversd @ tife lbzegwreter 100 is inserted into a pipeline
system (not shown)
An aspect of the invention is circuitry that provides alternating current to a load
from a unipolar power supply having a current source that controls the amount of
20 current applied to said load comprising:
a first switch and a second switch connected between said ioad and said
current source and that allow current to flow from said current source to said load in a
first direction responsive to said first switch and said second swifch being closed;
a third switch and a fourth switch connected between said load and said
25 current source and that allow current to flow from said current source to said load in a

second direction responsive to said third switch and said fourth switch being closed;

and
amplitude control circuitry that adjusts the amplitude of said current applied to
said load.
30 Preferably, the circuitry further comprises control circuitry that opens and

closes said first switch, said second switch, said third switch, and said fourth switch to

change direction of said flow of current between said first and said second direction.
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whi ch carries the process material that ié bei ng nmeasured, material enters
fl owreter assenbly 110 through flange 101, passes through manifold 102
where the material 25 is directed to enter conduits 103A and 103B. ggﬁl 004
material then flows through conduits 103A and 103B and back into ma |‘%V&
102 from where i Xl ter senbly 110 throuah fl.an 01' . Conduits
103A and 1038 aft ée’geé?é@t B SoiaaTPaY arep ’?%%%P@EP?’B%HQE"}E@HFWS?& 102 so
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104 1 n* opposi t e Pl RERRIV o kY Preries @ due el BERKH P B ennRaLanoing
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Driver 104 hmy conprise any one of many we nown arrangenments, such’'as a
magnet nounted to conduit 103ADasdriptionpgiihieQrawims nounted to conduit
103B and through which an alternating current is passed for vibrating both
conduits. A suiTheladoyeiand elihngniatueesagpfghisdaventionecan bel seervisemdbe ttaied

driver 104 via.ﬁath 1ﬁ§.éPhck:off sensors 105 and 105" are affixed to at
(east one %qxsc&g 80i R %Wﬁ.'gl‘yégﬂ%%'opposi ng ends of the conduit to
measure oscill atj®n i iblis [ R i idy at es,
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pi ck- oD f seinpuithy inTacordante with the poesenjiimientibh; si gnal s are applied to paths

111 and 111'. T river velocity signal .is applied to h 112. :
Temperature serEig SNSVatg ABrol At Et (oS s IHD I FoRASletiian waxe troae
Tehperatqua& r 107 nmeasures the tenperature of the conduit in order to
modi fy 15 ‘equati ons for the tenperature of the system Path 111" carries
tenperature si gid. S iflusirattrenpeiratit far sppbdng ACHNte!lsdtsquand wave tmiadsadsn.
Met er el ectronjics 150 receives, the first and second pick-off signals
appear i ng as60opanes with this invention. r espectivel y. Meter el ectronics 150
processes the first and second velocity signals to conpute the mass fl ow
rate, the density, or other property 20 of the material passing through

fl ometer assenbly 10. This conputed information is applied by neter

el ectronics 150 over path 175 to a utilization nmeans (not shown). It is
known to those skilled in the art that Coriolis flowreter 100 is quite
simlar in structure to a vibrating tube densitoneter. Vibrating tube
densitonmeters also utilize a vibrating tube through which fluid flows or,
in the case of a sanple-type 25 densitoneter, within which fluid is held.
Vi brating tube densitoneters also enploy a drive systemfor exciting the
conduit to vibrate. Vibrating tube densitoneters typically utilize only

si ngl e feedback signal since a density neasurenment requires only the
measur enent of frequency and a phase nmeasurenent is not necessary. The
descriptions of the present invention herein apply equally to vibrating
tube 30 densitoneters. In Coriolis flowreter 100, the neter el ectronics
50 are physically divided into 2 conponents a host system 170 and a si gnal
conditioner 160. In conventional neter electronics, these conponents are
housed in one unit. 6



22 July 2004 Signal conditioner 160 includes drive circuitry 163 and sensor

signal conditioning circuitry 161. One skilled in the art will recognize
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201 from @gser@hty 116threngbdiange 13 Passes Hitough manifold 402 wheredbs matarial
25 isdirected to enter conduits 103A and 103B. The material then flows through

conduits 103A and 103B and back into manifold 102 from where it exits meter
assembly 110 through flange 101".

Conduits 103A and 103B are selected and appropriately mounted to the
manifold 102 so as to have substantially the same mass distribution, moments of
inertia and elastic modulés about bending axes W-W and W'-W', respectively. The
conduits 103A-103B extend outwardly from the manifold in an essentially parallel
fashion.




agai nst excessively |l ow i npedance in a |oad such as driver 104 (FIG 1). The
polarity of the applied voltage is periodically reversed wwth respect to 10
ground which is connected to driver 104. The reversal of polarity aI2 2004
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drive ci rdm'applie:izsbynhﬁeeelef;tf@ns@&wbg%otfﬂrr pathy %tﬂeé’“@é@. a3 (994 B
vol tage applied, to a | oad 43S And.er ' tensiehily
two sets of swqt'éﬁ@é’“ffhéﬁ"r??@&é'@ 'ﬂcth(l\é{% %@%ﬂc\%\ﬁg% gé‘{‘vi)'r;estsﬁ;g?‘ﬁ%w t_cl_hes
| ncl udi ng ;3w &B?ét@é’ﬂribﬁ‘éﬂn%ﬁ.ﬂ)@densitmetércMibraﬁng fubmdensitametersalso utilize
direction to driver 104 (FIG 1 ). Wen the first .s% of svm't‘(:)ggéa'h@)gﬂg e
and a secandibretingftut® dhraughe vhighi tigide dowss O5n ¢ JG%, R3S P ampipy ée
is applied to. drivyer 104 (n. PO it ' Vot
50132 acderaitamalenaT b BEE0S e T o e Soh
driver 104448 dv8ferh b Oxditieg tFNesriduitopitinate.aVibrating tube! densitometerstypically

ath 318 to cl6sed switch 301. Current flaws through switch 301. 15
gnd to utilize only single feedback signal since avﬁensrl}y mgasuremen re%?][rgg %th

measurement of frequency and a phase measurement is not necessary. The

descriptions of the present invention herein apply equally to vibrating tube

30  densitometers.
In Coriolis flowmeter 100, the meter electronics 150 are physically divided_into

2 components a host system 170 and a signal conditioner 160. In conventional meter

electronics, these components are housed in one unit.
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20 driver 104 via path 315. Current then flows to the driver and returns
via path 316. The current flows through closed switch 302 and over path 315
to current source 333. Current source 333 is connected to ground. V\agq

: : ly 2004
swi t ches 303 aagh 304cak £i6h 0P Cfb@NhAMAL eI Uty s Ay 0g&RorCUig it
flows to driver I'n e Tollow ng manner. Supplyrail Vcc applies

current 2comiigonipgtdivcaitfy 161s\@neiskdied. inthe ashwillf lecagnizertbay in eatuatity doae

di lied vi h 316 to driver 104, Cu i h 315 and
1 ove t hOUHNIT6aca pepeRr S@ndl Sopiitping CreHfiy 167 HHaY hel bR anaied”

opposi t eﬁé’h@%@@%@ b%r:ﬂé/dcﬂgfb R &Wrscheidd 1A Hig 8 sided) ior8keS4drH dthr

320 open swi t'ches 301-304 to change the polarity of voltage
appl i%d tdigiaii gempbhéntsA Trdabavkudngad generatasi aedrivey signal rand applies an

[ it 320 vi th 162. F th edb ' I tr.ol .ci i t
UL Y2 PRLT, 152 O] SECRIEA S gk, 1P SRELGRhRpFiAE
cl roul L orB38l RFUHHGR Mag U0 SAIRBA AN iveZBFAIEP TR & BroVids! i eemathicny

321 and d&ninverter 04 322 that recteive t eedback signa
162 and ajursgritabalrivenppy opposite signals to switches 301-304 to open and

I h i tches. Del 32 i [ I ' i tcheg .301 , 3 '
bathe 313 and 9 aciupRyemath 10 foygh i sisadd gnapcond fea: e %R T804y o
pat hg 31%?8%%%#3@: e'd%rﬁé&éd ?(9%taﬁ%hé@ﬁaﬁé‘éndi%niﬁg%é&@?6i WREPAHC$62.

since changing t ance of switches dynamcally is diffficult.
Anpl i t uddPath tBhalaks edvercineeitty tonownitandhe incomingqriek-offesigeals toradjustrthet

333, which ' litud ' |, M 331.. Thi .KS.
because KU Hgaaksansrdosgntile NG ATediy Y AudPckievond Soffidfing
current LR 1 gi ﬁkfﬁuﬁdﬂé&ﬁﬂ@& ROt sl €7 0BV RefirsE Rire! FrEhid Wsswsedirer

conpl etely € output appears as a square waveform 10 22 July
2004 \What17i4s FEirat wire 123 abd @cangd wirg 1743ay heta padvefde coavestiaaali Zavire,

current to a dri\fer (104%}. of A Cori.ol i.s fllow nmeter (100), wherein said
Cor i1 i s 4 VR SRR O 3PP tﬂ)&oaamt&kve%ga?%%, 103B), pick-offs (105,
105") connect eleh&hrsfirthl EbRUibHIRY cifdiftr 86 firébidive inpuCsigingle fesin first padicoff| ow

tube, said circuitry conprisi ng: a current source (333) configur.ed to
control dfSasptond pekesll $85'dandtemparatiye sapse@nt07 Wamatias 133 1¢h qrebi1y". and

2oseo g ol BB AR A SR Sl S Bl
bet ween ¢RitgiriineVoperties of a material flowing through conduits 103A-103B. After the
20 frequency of the input signals from pick-off sensors 105-105' and properties of the
material are determined, parameter signals carrying this information are generated
and transmitted to a secondary processing unit 171 in host system 170 via path 176.
in a preferred embodiment, path 176 includes 2 leads. However, one skilled in the art
will recognize that path 176 may be carried over first wire 173 and second wire 174

25  or over any other number of wires.
Host system 170 includes a power supply 172 and processing system 171.
Power supply 172 receives electricity from a source and converts the received
electricity to the proper power needed by the system. Processing system 171
receives the parameter signals from pick-off signal conditioning circuitry 161 and then
30 may perform processes needed to provide properties of the material flowing through
conduits 103A-103B needed by a user. Such properties may include but are not

limited to density, mass flow rate, and volumetric flow rate.



and said current source (333); said circuitry characterized by: control

circuitry (320) configured to receive a feedback signal that corresponds to
at | east one pick-off signal fromsaid pick-offs, control said firsk,¥g 2004
switch and said second switch based on said feedback signal to provi gie Q/alg

al ternating CuFient ithawatss a phor fhpleatetation oAddve aittuitty 568 thetddingl agwidrch
and said fourth switch based on said feedback si gcgal Lo Eqsovi de sajd
al t er nat i an systerefar anying aq Yrrpaingeraentip a whigbisrpveni10dy /%163) of

claim1l1 wherei, aid contral circujt.r | : .Wpﬁﬁa :
configureﬂ“?%”B@@%QQ@“éé?amygég%égﬁﬁ@%%ééﬁgﬁﬁﬁ9g%%%@%ggﬁggﬁ e s.Qﬁg??'F§h
said fi rsiszs.wrhg%utﬁ & $669RAns WrlebmpRtLbe! NHedag ks tethsighairea wuftipliet h
switch to provide sald alternating current. 25 3. The circuitry (163) of

cl ai 52 vy ig appieddocampliiertai . chmplifiee20h bpests thersiausnidal signaldordet hod of
providing an alternating current

met er d( 1GupPasiavg! o ¢auma AjveriH) bﬂ@?rﬂgirté \égéfﬁ%flegﬂ isﬁgpﬁ’sgé}{qa%ri% %ﬁ?ﬁefﬂkgwa
(559)  ancmPiidr AL eRT AR RSB RGOS, CUERt RS YRS IR e

said dri Vé?jaiﬁ’é’tcbx%é'sﬁvé?rflbmtnmuhcé,in wheadisuch aistdriBeri @4 &16LYw met er
I ncludes a flow tube 1 22 July 2004 (103A, 103B), pick-offs (105, 105')

con gect eg Ei o sEiaiptlaoity olithe appligdsaliageris weriodisalls ceversed vath wspestia ube,
[ t 1, S] t h .0f ; | i . .saj
ot ordlet rerauad T st B Supdr i The ck s Rty ARty MRS Ohavdt foa
Sw tch agﬁfé.a’i ﬂo%ﬁ@%?ﬂaﬁé&‘gyﬁ floW bR 358hd 1938 d@inRbbitohaves enbablavi ng
(o] nd contro

a first arity, l'ing said third switch and said fourth switch
to provi dgcladfbstillationat Thereversa of voltage polariy cequirgsolven segaratspuppisraLY

cor 1 aspones A ool SRS RIRY EiaRH M SE S ARSI PRt 5.
_The use of separate supply rails Vcc and Vee increase complexity of the circuit

15  and increases power consumption. Power consumption is increased because simple
amplifiers 201 typically used in drive circuit 163 drive an output close but not equal to
a supply rail. This requires additiona! voltage overhead to provide a certain voltage to
driver 104 (FIG. 1). ‘

A second problem is that output voltage of driVe circuit 163 is controlled.

20 However, the conversion of electrical energy to kinetic energy in driver 104 is
dependent upon current according to Faraday’s law. Even though applied voltage
results in applied current, the relation between force applied and voltage applied is
indirect and is dependent upon other factors. For example, the inductance of the coil
and motion of conduits 103A and 103B effect the applied force. Therefore, it is

25 desirable to control current rather than voltage.

Another problem with drive circuit 163 shown in FiG.2 is the ability to maximize
power delivered to driver 104 while constrained by intrinsic safety standards. Intrinsic
safety standards are set by various regulating agencies to assure that a spark or heat
from a circuit does not ignite volatile material in an environment. Intrinsic safety

30 standards place limits on the maximum instantaneous voltage and current that may be
delivered to a load such as driver 104 (FiG. 1). However, the force applied to

conduits 103A and 103B is dependent upon the average value of current applied.
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controlling said first swtch and said second swtch based on said feedback
signal to provide said alternating current having said first polarity, and
controlling said third switch and said fourth switch based on said fﬁ@ﬁﬁf’%}m
signal to provide said alternating current having said second polarity. "1

5. The netiegs Ahagkinfirmetfitisnt P&y aciapsd BY mmrﬁ(_ﬁm(?'ﬂh@gdiﬁ@%?ﬁ:iett@eﬁ@rﬁaé\?erhﬁe
said first switch, said second switch, said third swtch, and said fourt
switch to @rosntdevelaiamda peakavimegt kvel.ehincesirivgr 4 Odolinb@r Bitidilizee Girisoldh

/mlilf h ?ﬂlc%; ,\@Cn.}r%lar}rp %cﬁﬁe@reﬁk&rg%gﬂ%oq% ;f%c%;gch%q’g{eiggi}%%l?o g%ru%ofd%qpq'rh%t [:(a)rro'du%t2 of
S>% : : ;

A L e il
6! p! ! "H" " "i§ et e Re pPdWBB Uf Use dystere nBihcE]a sfuarboed vatoabnbinudtiptiedda) ga] ca] ¢
a] ca] ca] ca] ca] ca] cal ca] ca] cal ca] ca%ca] cal ca] ca] ca] ca] ca] ca] caégﬂa] cal'"">((()
P) ) =* * * - 1)sinugpidalgraltage profiyees Bise @reragerpIwehidnthedod sbelc sNuapiEs) da
| ca) cal ol ke 3biah i ih GRbRAbRE} FakicThERL STLERBATIGAhE Tkl GobAgcl o2
?2?7@ RIEBBSCCEEFF} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! F=GBHHHI JJKKKoLLM
eM MVNI OOCHPy PP IGSXIggiRRs: sTa Tlyive mirguit[163]thal pmyvisiiscapoadtant saliars] wayea] ca] ¢

2 celie] ool a2l Gkeal ool A LGS AR hAhR TSR TG T Mg
772{ 77 A
1 g:a} ca][ gg]aée} ESF&(':LE{C%L 3?8:.] ﬁgﬂl a| cgﬁg%@g&ﬁ]ﬁ@gi ca]_cgﬁé]%?]g??ﬁﬁl@ﬁbfg
NI i petimgan (it bepuiprt ol e putpek pae i b by b
()-}10%& wﬁﬂ%ﬁf ing sm@@%ﬁ’éh (quﬂ%%lqy 59 cylfrf@l/ﬁo‘]cwrm@rst direction 1o
X6! 0&1Q9 ’ 1 . - 7 i 9 : - 7% 341 [3&10%
Ere () -y Fofrer 104 Ty tE (fer sl D38t delsuitplBoa Bén Bl Sécchidsetof |
WLOY&S5( ) - sWiteliées], Gdilickie6 )303 arvd 804, Bfclosed, voltage is applied to driver 104 in a

109& () - <$109%&. () -, _l@%l_ofy&', ()-=19$109%& ()-c! 8O@L0%& ()-! CO@LOYE () - S>: dB{
\ =11 " #810882qNd eppositedogrtion) - | p#109& ()-v # 10%& ()- SCl0%& ()- =#10%&' () -

20200 = 3 D0 hond A0 ARSI odd AR BRERBEAbM-20% bro 4R, Qe
flow through driver 104 in the following manner. Supply rail Vcc applies current over
path 318 to closed switch 301. Cumrent flows through switch 301 to path 315 and to

20  driver 104 via path 315. Current then flows to the driver and returns via path 316. The
current flows through closed switch 302 and over path 315 to current source 333.
Current source 333 is connected to ground.

When switches 303 and 304 are closed and switches 302 and 301 are open,
current flows to driver 104 in the following manner. Supply rail Vec applies current

25  over path 318 to switch 303. Current flows through switch 303 and is applied via path
316 to driver 104. Current retumns via path 315 and flows through closed switch 304 to
path 317. This is a direction that is opposite of the path provided by switches 301
and 302. Control circuitry 320 opens and closes switches 301-304 to change the
polarity of voltage applied to driver 104. A feedback signal is received by control

30  circuitry 320 via path 162. From the feedback signal, the control circuitry 320
changes the direction of flow. In a preferred embodiment, control circuitry 320

includes a zero comparator. Zero comparator includes a delay 321 and an inverter
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10 10; 109& () - v7#109%& ()- 5I

109& () - c4109& () - 3f 2p#109%& () - =30p#109%& () - $| <oP. /! 4* (109%& ()-F

(10%gl & ()-PI'F (10% /& ()-P'F (10%.ELE& ()-P'F (10%8S& ()- P 10%gé& ( ﬂlgbl( 04
O/ W 2X6. /1 41 7+ (10YEE& () -1 *( 109 () - *( 1098S& () - *( 10%g>& ()-1*( 109%P&
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109638 () - Mibahes(30tvard B0%xa ppihsd b3@rd B134+pyedenadidpeplies signals to
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RI0%& £ ) - #10%&' &b SIONBON)arb BT 4 bohithAVREadaNce 51666 LHERGHA!RB0%E () -
Py6#1098&' () - Y40%: (). P66#100& ()- P 10%& ()-< g

109 () - ) Avpetiance oEbGithes tgpamigaliy is difouth, - Amplit afagis Gontwyied dvarellkremn

1UED, | R TaR NI SR SOpRoS ARMpeh rersies3n amplitude signal

109& () - FoRLQYAEEA Y - Thiewrb A Hes P LOUELE A SA O YR 10 10
10i 0<(12)0/&'V%L9ﬁ%%' ?@_56%1133%39(0%}13_3# Bliflge 390 i%;@:g%@%{%%%@ f{f‘&ﬁ oo ne ()
-1 c&L0%& chonhnbIsHLOMRE CurehD ¥8LICe- | SLA GWIEERES 301 MRDAHOGIHIGF condplitely
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109& ()-=C49100& ()-~778| 9996: aBrb@4! ! | <€10%W& ()- 10%W& () -
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10J 10 O EN () -
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10J- 1037@&0&%?&5&2(/@%10(ﬂd\ﬁ‘%@ﬂé’(@l@cﬁ'& aitry&ohilyEkh %)

| H s$10U8S& () -1s$10%g& () - H JTKKK KKaVi RO g 10g

10g0<t 10%g& () aicusnagit Soyreq (333) configured to control an amplitude of said alternating
6' ' 10%g& %Lﬁré&vmocyg& ()-1i# VW10% [ & () - =KKoLLMeM MIEVK@ 10J
103p109%& 109& () -

9$109%&' () -, &pHAGYEH s{v):fdhl 0%fid(9 seddHdkswiteh (309) QoprBdiadi@iwbies s

10%& o%& F#109%& () FV$10%& ()- @10%&' () -
|10%&(%) (@@é@m@@swﬁ%@ el ;

S0 R eSS P e e
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10<109%& () -

control circuitry (320) configured to receive a feedback signal that
corresponds to at least one pick-off signal from said pick-offs, control said first
15  switch and said second switch based on said feedback signal to provide said
alternating current having a first polarity, and control said third switch and said
fourth switch based on said feedback signal to provide said alternating current

having a second polarity.

20 2. The circuitry (163) of claim 1 wherein said control circuitry (320)
comprises:

a comparator configured to receive said feedback signal and apply opposite
signals to said first switch, said second switch, said third switch, and said fourth
switch to provide said alternating current.

25
3. The circuitry (163) of claim 2 wherein said comparator comprises a

zero comparator.,

4. A method of providing an alterating current to a driver (104) of a
30 Coriolis flow meter (100) using circuitry (163) comprised of a first switch (301) and
a second switch (302) connected between said driver and a current source (333)
and a third switch (303) and a fourth switch (304) connected between said driver
and said current source, wherein said Coriolis flow meter includes a flow tube
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Cacas ) 10t bod 3o b el Solnd M ElovigBagrenS, 10
13] ¢ 5 Heagkmatia ]c%rrenHﬁadm@Qh ﬁx%l?)olar agHdng 43] ¢* " Heading 53] c" "Heading
63]c" "Heading 7 g{ﬁ Headi ng adi ng 93] c Def aul t Par agr aph
Font ! 1** 4= HQreeni&eing spic @MW@Bmhﬁwwcmtsprqvmie@alcbeltermaéag

? @BCFHKI 1%1% KLMNOPQRSTUVWKYZ[ \ ] " abcdef ghi j kl mop6Ti
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"HEUR () *+, - . 68284 AT®Ring characterlzed by the steps of:

<= >7@\BCDEFG_" JKL rec v?r-wrg Ygg\rlk 519 Fﬁ!\eft% réléglngr%}%j £ at least one pick-off

10  signal from said pick-offs,
controlling said first switch and said second switch based on said
feedback signal to provide said alternating current having said first polarity, and
controlling said third switch and said fourth switch based on said
feedback signal to provide said alternating current having said second polarity.
15
5. The method of claim 4 further comprising:
applying opposite signals to said first switch, said second switch, said third
switch, and said fourth switch to provide said alternating current using a
comparator.
20
6. The method of claim 5 wherein said comparator comprises a zero

comparator.
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