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The above and other features of this invention can be seen fromthe
detail ed description and the following drawings: FIG1 illustrating a
Coriolis flowreter having drive circuitrythat includes circuitry in
accordance wth the present invention;



30 FIG 2 illustrating a prior art circuit for supplying a controlled
square wave to a load; and FIG 3 illustrating a circuit for supplying a
controlled square wave to a load in accordance with this invention. 4
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second switch being closed. A third switch and a fourth switch are also connected
25 between the load and the current source. When closed, the third and fourth switch

allow current to flow from the current source to the load in a second direction.
Another aspect of this invention is control circuitry that opens and closes the
first switch, the second switch, the third switch, and the fourth switch to change
direction of the flow of current between the first and the second direction.
30 Another aspect of this invention is that the control circuitry comprises a
comparator that receives a feedback signal from the load and determines which

switches to close.



vi brating both conduits. A suitable drive signal is applied by neter

el ectronics 150 to driver 104 via path 112. Pick-off sensors 105 and 105
are affixed to at | east one of conduits 103A and 103B on opposi ng ends of
the conduit to raagHee aspetl bthisrinoéntidre is thatuities coftparatorlie & ey drossing
103A-103B vi brates, pick-off sensors 105-105" generate a first pick-off
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FIG. 3 illustrating a circuit for supplying a controlled square wave to a load in

accordance with this invention.



n a preferred enbodi ment, path 176 includes 2 | eads. However) one skilled
in the art wll recognize that path 176 may be carried over first wire 173
and second wire 174 25 or over any ot her nunber of wires. Host system 170

i ncl udes a power supply 172 and pDetadedResordptonl7l. Power supply 172
receives electricity froma source and converts the received electricity to
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voltage to driver 104 (FIG 1 ). A second problemis that output voltage of
drive circfqoriphd massewmates:. 20 However, the conversion of electrical
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limts on i mumin taneous voltage and current that may
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Conduits 103A and 103B are selected and appropriately mounted to the

manifold 102 so as to have substantially the same mass distribution, moments of

30 inertia and elastic modules about bending axes W-W and W'-W’, respectively. The

conduits 103A-103B extend outwardly from the manifold in an essentially paralle!

fashion.
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meter i ncl ulrscriptionswof e Present inwsntionsiharety rappiy csgualtysty vibrating dubeo
sai d fi(?w t&l % aneg ?ald driver 5 connected to flow tube, said circuitry
conpri ﬁS’P? fitS source (333) configured to control an anplitude of

sai d al ternati ngn 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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current; a first switch (301 ) and a second switch (302) connected between
said driver and said current source; and 10 a third switch (303) and a
fourth switch (304) connected between said driver and said current source
(333); said cirSignbl Yeortticrdrerliciednblydesodtivel ciecuitryi 168 @30)setsbr i gighad
to receive a feedback signal that corresponds to at |east one pick-off
si gnal fr G@ngdianing §KCW¥WS1,61COQH%$MQ%$H$$WQ 3t Wil recpgnire dhat ivgetualitydrive

L oh base ; o . . pe ‘i
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f oodback Si ‘ _ 3 . \ ; . ot
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al ter nat i iges&t ibWenti@® day Deeincludead in WrivéaSicuitty 463i o grovide eim atteirdting
conparator conprises a zero conparator. 4. A nethod of providing an
al t er nat i eyt te gfiveo184dri ver (104) of a 30 Coriolis flow meter (100)

owd ton_(309) con-adnauSy BRI SHA N A atetiale Brbeddhd ) ORfl HiREERNe3 s
thirqew temmafiatioaly cornedtddte sehsor $idRd) coritiving dirtatettn YRi fath 162"

and said current source, wherein said Coriolis flow neter includes a flow
tube 11 Ratb3162 alewy driye eircyitiysto menitor the incosming Riektoffssigaals tolasiustibe,

o cont r rvErgobA 2B hcorsrall, G oty T8 0k PRIPOHaBe L CondliGfiPen,
source; cEircuithy 16issqupblied fidomshvostaystard 1791 via sefiretdirei 23 And @ econdiwire
said 5 alternati ng current having a first polarity; and controlling said

third sw tldW. afiirskwire oL and seganchwire hfbmakbeA pad oka ronvegtienak 2rwire,

havi a s RS ' C ' characterized by the steps of:
receinl\% ng 42&%%@%2%?&5 éﬁgﬁﬁaﬁl@ﬁhﬁgon S' to at | east one pick-off 10
si gnal from saiSemsatisigridl sonditiohing diroultry #6 tirddeivas iaput signalsdramifisstgcieoff
swi tch based on said. feedback si gnal to provide said alternati n%acurr

havi ng sai"@ﬁ‘. iseeene pickroff _995'aﬁﬂd gmed?tqrﬂgegwwqwacpaénﬂaﬂ. a '%’313_‘ Sﬁ".
curr ent - hAVERS Teal L BR detoFARRE Mhe S LRI o ifndl 40 iy deo
conpri si n@gletermine properties 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  orover 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.



appl yi ng opposite signals to said first switch, said second switch, said
third switch, and said fourth switch to provide said alternating current
using a conparator. 20 6. The nmethod of claimb5 wherein said conparator

conprises a zer | RGSrates d priorihp¥meftation of drive circuitry 163 including a prior
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A second problem is that output voltage of drive circuit 162 is controller.

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 abplied 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 1038 effect the applied force applied. Therefore,

25 it is 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.
Thus, maximum efficiency is achieved by minimizing the difference between average

8
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’ FIG.3 illustrates g drive C(IT)C;llt 163 that( %Eov:des a ccgr)wstant ggu/fre( %N-av%
alternating current using a single power supply. In drive circuit 163, there is a single
10  current source 333. The polarity of voltage applied to a load, such as driver 104 (FIG.
1), is determined by two sets of switched in H-bridge circuit 350. When a first set of
switches including switches 301 and 302 are closed current flows in a first direction
to driver 104 (FIG.1). When the first set of switches is open and a second set of
switches, switches 303 and 304, is closed, voltage is applied to driver 104 in a second
15  opposite direction.

When switches 301-302 are closed and switches 303-304 are open, current
flow through driver 104 in the following manner. Supply rail Vcc applies current over
path 321 to closed switch 301 and open switch 303. Current flow through switch 301
to path 315 and to driver 104 via path 315. Current then flows to the driver and

20 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 Vcc applies current
over path 318 to switch 303. Current flows through switch 303 and is applied via path

25 316 to driver 104. Current returns 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
circuitry 320 via path 162. From the feedback signal, the control circuitry changes the

30 direction of flow. In a preferred embodiment, control circuitry 320 includes a zero
comparator. Zero comparator includes a delay 321 and an invertor 322 that receive
signal and alternately apply opposite signals to switches 301-304 to open and close
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opened or completely closed, the output appears as a square waveform.

The above is a description of a preferred of circuitry for supplying a controlled

10  square wave to aload. It is expected that those skilled in the art can and will design

altemative circuits that infringe this invention as set forth in the claims below literally

or through the Doctrine of Equivalents.
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and said current source; an
10 a third switch (303) and a fourth switch (304) connected between said driver
and said current source (333);
said circuitry characterized by:
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 alternating 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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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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