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Abstract of the Disclosure

A first sample hold circuit or S/H, for holding
an amplitude value at a predetermined phase of pipe
vibration waveform, detected by both sensors and, a
second S/H for re-holding the value at the
predetermined phase, a comparator for comparing second
S/H output with‘a.set value, an differential amplifier
for amplifying a difference value thus obtained, and
an exciter circuit for increasing and decreasing the
vibration amplitude of the pipe responsive tO this
amplified difference value are provided so as not tTo

cause any change in exciting frequency characteristic,

" even when outside vibrations are added to the pipe.

The present invention enables oscillation waveform t€oO
be less distorted and a more stable operation to be
achieved even when responsibility, relative to outside

vibrations, is increased.
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CORIOLIS TYPE MASS FLOWMETER
Background of the Invention

Field of the Invention

The present invention relates to a Coriolis type
mass flowmeter for detecting a phase difference in a
U-shaped pipe vibration, caused by mass fluid in up-
stream and down-stream in the pipe by Coriolis force,

and measuring flow.

Description of the Related Art

FIG. 1 shows the operation principle of a
Coriolis type mass flowmeter.

Reference numeral 1 denotes a U-shaped pipe
through which fluid to be measured flows. A permanent
magnet 2 is fixed to 1ts front end middle portion and
both ends of thé*ﬁFShaped pipe 1 are fixed to a basé
3. Numeral 4 represents electromagnetic drive coils 4
installed in such a way that they sandwich the U-
shaped pipe 1 between them and numeral 5 denotes a
frame for supportiné”the electromagnetic drive coils.
The support frame 5 is firmly fixed to the base 3.

The U-shaped pipe 1 is set to vibrate, while taking
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+he base 3 as its cardinal point, (as with a the
tuning fork), to lose less vibration energy.

Numerals 11 and 12 denote electromagnetic pickups
(or vibration detecting sensors) for detecting
displacements of both legs of the U-shaped pipe 1.
when the U-shaped pipe 1 is driven or excited at its
inherent vibration value (sin wt) by electro-magnetic
force acting between the drive coils 4 and the
permanent magnet 2 which is in opposite ToO the coils 4
and which is fixed to the U-shaped pipe 1, Coriolis
force is generated in fluid flowing through the U-
shaped pipe 1.

FIG. 2 shows how the U-shaped pipe 1 is vibrated.

The Coriolis force is proportional to the mass

and the velocity of fluid flowing through the U-shaped

pipe 1, and its direction igs the same as that of a
vector product between the moving diredtion of fluid
and the angular Velocity at which the U-shaped pipe 1
is excited. Fuftﬁer, the direction of fluid at the
U-shaped pipe 1 becomes in reverse between wtet and
outlet for fluid. Therefore, torsion torque 1is caused
because of Coriolis force in both legs of the U-shaped
pipe 1. This torqué‘changes at the same frequency as

the excitation frequency and its amplitude width 1s

proportional to the mass flow rate of fluid. FIG. 3
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shows a vibration mode of the U-Shaped pipe 1
generated by this torsion torque.

When the amplitude of this torsion vibration
torque is detected by the vibration detecting sensors
11 and 12, the mass flow rate of fluid can be found,
but, practically, the vibration of the U-shaped pipe 1
becomes in such vibrations that excited vibrations
caused Dby thé'eiectromagnetic drive coils are
superposed by torsion vibrations caused by Coriolis
force, and vibration waveform on the upstream side 1S
expressed by sin (wt - a) and that on the downstream
side by sin (wt + a). Therefore, signals el and eZ,

detected by the vibration detecting sensors 1l and 12,

Eare expressed as waveforms having a phase difference (A

t), as shown in FIG. 4. This phase difference becomes
different, depending upon the pipe used and 1ts
excitation freguency. Providing that the U-shaped
pipe 1 1is used‘apd that its resonance frequency 1S
80Hz, for examplé;:é time difference of about 120uS 1is
caused in the maximum mass flow rate. In the'case of

conventional mass flowmeters, sensibility can be

increased up to 1/20 of the maximum range, and it 1s

rate is guaranteed to an accuracy of 1%. The time

difference is 120uS at the maximum mass flow rate and
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range and it becomes 6usS at a 1/20th range, and the
accuracy is 1%. Therefore, a time measuring accuracy
of 60uS is needed.

Various methods are used to measure this phase.
The simplest method is to count reference clocks in a
time difference gate. (See FIG. 5.)

Pickup signals 20 and 21 on up- and down-stream
sides are ampiified by amplifiers 22 then two-valued
by comparators 23, exclusive "OR" of these two-valued
signals is calculated by an exclusive "OR" circuit 24,
a gate pulse 25, having a pulse width which
corresponds to a time difference in the up- and down-

stream pickup signals, is thus obtained, and the phase

. is then measured by counting the number of reference

clocks in a gate. The frequency of the reference
clock needs to be higher than about 20MHz.

On the other hand, FIG. 6 shows a drive circuit
for the U- shapgd pipe, and FIG. 7 shows signal
waveforms at regﬁeefive sections of the circuit.

Output signals from vibration detecting sensors
11 and 12 are passed through a low-pass filter (LPF )
50 to remove high frequency noise. They are then
turned to low impedéhces by a buffer 51 and amplified
by an amplifier 52. Further, they are rectified by a

full-wave rectifier circuit 53 and smoothed by a
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level.

This level is compared with a driven amplitude
reference level of a reference voltage generator
circuit 63 by a comparator 57 and the difference thus
obtained is amplified by a differential amplifier 58. This
difference voltage (C) is used as control voltage for
a multiplier 59., The input of the multiplier 39 1is
multiplied by signals A * sin wt which have Dbeen
obtained by filtering and vibration-amplifying signals
from the vibration detecting sensors Ii and 12. A
signal A * C * sin wt 1is thus obtained and current 1s

caused to flow in a drive coil 61 through an exciter

. circuit 60 thereby to control the vibration amplitude

of the U-shaped pipe 1. The vibration detecting
sensors 11 and 12, LPF 50, buffer 51, amplifier 52,
full-wave rectifier circuit 53, comparator 57,
difference amplifier 58, exciter circuit 60 and drive
coil 61 form a ﬁééétive feedback control circult, as
described above, and if no vibration is added to the
U-shaped pipe from outside, the pipe is driven by a
drive waveform of sin wt.

When pump vibrétion (caused when no fluid flows)
and fluid vibration are large, however, the output of

the smoothing circuit 54 is expressed Dby a changing
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waveform, as shown by signal 72 in FIG. 7, and when
this change is amplified by the differential amplifier 58,
excitation waveform is not a sine wave but it has many
distortions, as seen in-signal 79, shown 1in FIG. 7 .
When excitation is created Dby this distorted
excitation waveform, the quality of vibration 1is
degraded and the changing at zero point increases.

In order to reduce the distortion of excitation
waveform, it is supposed that the time constant of the
smoothing circuit 54 is increased. When so arranged,
the output of the smoothing circuilt 54 becomes
difficult to change, and when frequencies of pump and

fluid vibrations are low enough, the U-shaped pipe can

' be vibrated by'a less distorted sine wave while

reducing the changing at zero point. When their

' frequencies are high, however, the vibration amplitude

of the pipe changes and, in spite of a difference
relative to the instruction value, the responsibility
of the pipe decreases because the time constant of the
smoothing circuit is large. In short, the pipe cannot

be controlled enough so as to remove the difference.

Summary of the Invention
The object of the present invention 1s TO

increase the responsibility relative to outside
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- vibration, and reduce distortions of oscillation waveform.

In accordance with the present invention, there is
provided’an apparatus for measuring mass flow of a fluid
flowing in a vibrating pipe, by detecting asymmetrical
flexural:oscillationof the pipe.through a pair of
detectors, and determining said mass flow by comparing the
phase difference between output waves of said detectors,
comprising: a sample and hold means for sampling and
holding an amplitude valne of the pipe vibration waves,'at a
time responsive to the output of the detectors; a comparing
means for comparing said held amplitude value with a present
vibration amplitude value and outputting a difference
between the values as an error value; an error amplification
means for amplifying said error value output from_said'
comparing means; and a vibration means for adjusting a
vibration amplitude of the vibrating pipe, based on said
amplified error wvalue obtained by said error'amplification

mneans.

In accordance with the present invention, tnere 18
further provided an apparatus for measuring mass flow of a
fluid flowing in a vibrating pipe driven by a pipe'eXCiting
coll, by detecting asymmetriCal flexural oscillation of the

pipe through a pair of detectors, and determining.said mass

flow by comparing the phase difference between output waves
of said detectors, comprising: 'a first sample and hold
means for sampling and holding an amplitude value of the
pipe vibration waves, at a time.responsive to the output of
the detectors; a second sample and hold means for sampling
and holding the value of said first sample and hold means;
at 1east,one time per periods at a phase at which a £ ime
differential value for an input current of the pipe eXciting

coll is maximum; a comparing means for comparing said held
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value of said second sample and'hold means with a preset
vibration'amplitude value and outputting a difference
between the values as an error value; an error amplification
means for amplifying said error value output from said
comparing means; and a vibration means for adjusting a
vibration amplitude of the vibrating pipe, based on said

amplified error value obtained,by'said error amplification

mearlrls.

In accordance with the present invention, there is

further provided a method of measuring mass flow of a fluid

flowing 1n a vibrating pipe,fby detec:ing'asymmetrical
flexural oscillation of the pipe through a pair of

detectors, and.determining said mass flow by comparing the

phase difference between output waves of said detectors,
comprising the steps of: sampling and holding an amplitude
value of the pipe vibration Waves, at a time responsive to
the output of the detectors;'comparing said held amplitude
value with a‘preset vibration amplitude value and outputting
a difference between the valﬁes as an error value;

amplifying said error:value;:adjusting a'vibration_amplitude

of the vibrating pipe, based on said amplified error value.

In accordance with:thepresent invention, there is
turther provided a method of measuring mass flow of a fluid
flowing in a Vibrating pipe,driven-by a pipe'exciting=coil,
by detecting asymmetrical flexural oscillation of the pipe
through a pair of detectors;'and determining said_mass flow
by comparing the phase diffefence'between output waves of

said detectors, comprising the steps of: first sampling and

'holding_an amplitude value of'the pipe vibration waves, at a

time responsive to the output of the detectors; secondly
sampling and holding the held amplitude value at least one

time per periods at a phase at which a time differential

value for an input current'of’the pipe exciting coil is
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maximum; comparing said_secondly held value with a preset
vibration amplitude value and outputting a difference
between the values as an error value; amplifying said error
value; and adjusting a vibration amplitude of the vibrating

pipe, based on said amplified error value.

According to the present invention, a Coriolis

mass flowmeter can be produced wherein fluid is caused to

flow through a vibrating pipe, the pipe-being torsion-
vibrated by Coriolis force generated by the flow éf fluid
and thé:angular-velocity-mofing pipe. ASymmetrical
deflectionvibrations.of the'pipe thus caused are detected

by a pair of detectors, and the mass flow fate of fluid

flowing through the.pipe is{obtained from a phase difference

between waveforms of outputs applied through the paired
detectors, said flowmeter (comprising'a sample holding
circuit\for holding.an_amplitude value at a_predetermined
phase of waveforms of pipé ﬁibratiOns, detected by the
detectors), a comparator (fér comparing this vaer-held.with
a set vibration amplitude vélue), an error amplifier:(for
amplifying a value thus obtained as a difference value,
relative to the vibration amplitude), and an exciter circuit
(for ihéreasing and decreasing the vibration amplitude of

the pipe, responsive to this difference amplified value).

‘ Further, the.phaSe-holding an amplitude vaiue of
each waveform of pipe vibrations, detected by the detectors,

can be set at about 90°_or about 270°, at
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about 90° and about 270°, at about 0° or about 180°,

or at about 0° and about 180°.

According to another aspect of the present
invention, a Coriolis mass flowmeter can be produced
wherein fluid is caused to flow through a vibrating
pipe, the pipe being torsion-vibrated by Coriolis
force generated by the flow of fluid and the angular-
veloci‘ty-moving pipe. Asymmetrical deflection
vibrations of the pipe thus caused are detected by a
pair of detectors, and the mass flow rate of fluid
flowing through the pipe 1is obtained from a phase
difference between waveforms.of outputs applied

through the paired detectors, said flowmeter

| (comprising a first sample holding circuit for holding

an amplitude value at a predetermined phase of each
waveform of pipe vibrations, detected by the
detectors), a second sample holding circuit for

holding the wvalue of the first sample holding circult

at a phase where the time differential value of
current flowing into exciter coils becomes the
largest, at least once every, a comparator (for
comparing the value held by the second sample holding
circuit, with a sef’vibration amplitude wvalue), an
error amplifier (for amplifying a value thus obtained

as a difference value, relative to the vibration
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amplitude), and an exciter circuit (for increasing and
decreasing the vibration amplitude of the pipe,
responsive to this amplified difference value).

The phase held by the first sample holding
circuit, and holding the amplitude value of each
waveform of pipe vibrations detected by the detectors,

can be set at about 90° or about 270°, and the phase

circuit by about 90°. The phase held by the first

and 270°, at 0° or 180°, or at 0° and 180° and the

phase held by the second sample holding circuit can be

. delaved from the one held by the first sample holding

circuit by about 90°.

According to the present invention, a value at a
specific phase of detected signal waveform, 1s held by
the sample holding circuit even when outside
vibrations, such as pump and fluid vibrations, are
added to the pipe and the vibration amplitude of the
pipe is thus disturbed. Amplitude control can
therefore be achieved by not-distorted-sine-wave
excitation to hold'the vibration amplitude wvalue
certain. A quicker control responsibility can thus be

realized. As a result, the frequency of a system,
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comprising a detecting section, and an exciter circuit
section does not change even when outside vibrations
are added to the pipe, and it can Kkeep the
same characteristic as the frequency characteristic of
the detecting section and a more stable flow rate
characteristic can be realized. The sample of each
detected signal waveform output is held this time at a
specific phase. Therefore, control responsibility can
be increased while keeping a more stable operation.
According to the present invention, the amplitude
value obtained through each vibration detecting sensor
is controlled, to become equal to a set value, by the

sample holding circuit (for holding the value at a

. gpecific phase of each detected signal waveform), Dby

the comparator (for regarding the largest value of
each signal detected, relating to the displacement of
pipe vibrations as the vibration amplitude of the
pipe, and comparing it with a previously set exciting
amplitude reference level), by the error a amplifier
(for amplifying a difference value thus obtained), by
the exciter circuit (for causing current to flow 1into
the drive coil while using this amplified difference
value as control vditage for a cycle, starting from
phase zero of a next cycle), and by the drive coil.

Even when outside vibrations (such as pump and fluid



10

15

20

25

2154312

11

vibrations) are added‘and the vibration amplitude
value of the pipe is thus disturbed, therefore, the
amplitude control of the pipe 1s made Dby the
excitation of the sine wave, which has no distortion,
+o return the vibration amplitude wvalue to the
previously set certain value, so that a quicker
control responsibility can be realized. In addition,
the frequency Characteristic of the system, comprisihg
+the detector section, and the exciter circuit section,
cannot be changed even when outside vibrations are
added to the pipe, and it can be kept the same as the
frequency characteristic of the detector section. A

more stable flow rate characteristic can thus be

| attained.

Brief Description of the Drawings

The present invention will be more apparent from
the following detailed description, when taken 1in
conjunction with the accompanying drawings, in which:

FIG. 1 shows a principle arrangement of the
Coriolis type mass flowmeter;

FIG. 2 shows th a U-shaped pipe is vibrated;

FIG. 3 shows'a vibration mode caused by the
torsion torque of Coriolis force in the U-shaped pipe;

FIG. 4 shows a waveform diagram devoting signals
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picked up when Coriolis force is generated in the U-
shaped pipe’
FIG. 5 shows a block diagram devoting a phase

difference detector circuit of the counter type’

FIG. 6 shows a block diagram devoting the
conventional pipe drive circuit;

FIG. 7 shows waveforms at respective sections
intended to explain the operation of the circuit shown

in FIG. 6;

FIG. 8 shows an embodiment of the present

invention;
FIG. 9 shows waveforms intended to explain the
operation of the circuit shown in FIG. 8; and

FIG. 10 shows waveforms intended to explain a

variation of the circuit shown in FIG. 8.

Detailed Description of the Preferred Embodiment

FIG. 8 is a block diagram showing an embodiment
of the present invention and FIGS. 9 and 10 show
waveforms at respective sections TO explain the
operation of the embodiment. In FIG. 9, signal 70 is
obtained by filtering and amplitude- amplifying output
signal of a vibration detecting sensor 11 or 12,
output signal 71, of a full-wave rectifier circuit 33,

output signal 72, of a smoothing circuit 54, output



10

15

20

25

13

signals 73 and 75, of a monostable multivibrator (or
mono-multi) 62, output signal 74, of a first sample
holding circuit (S/H) 55, output signal 76, of a
second S/H, output signal 78, of a comparator 37,
output signal 79, of a multiplier 39, output signal
80, of a binary circuit 64 and output signal 81, of a
frequency multiplier 65, are shown. Output signal 77,
of a reference voltage generator circuit 63, is shown
along with output signal 76, of the second S/H 56.
Output signal 70 of the vibration detecting
sensor 11 or 12 is passed through a low-pass filter
(LPF) 50 to remove high frequency noise, and impedance

is lowered by a buffer 51. IS5t is then amplified by

'~;an amplifier 52. The output of the amplifier 52 1is

rectified by the full-wave rectifier circuit 53 to
obtain full-wave rectifier circuit output signal 71.
This output signal 71 1s smoothed by the smoothing
circuit 54 which has a relatively small time constant
(27Hz), and smoothing circuit output signal 72 1is thus
obtained. The process 1S conducted until the
smoothing circuit is the same as the one shown in FIG.
6.

At a timing geﬁérating section, output signal 70
of the vibration detecting sensor is two-valued by the

binary circuit 64, increased to four-times frequency
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by the frequency multiplier 65, counted by a counter
66 and the mono-multi 62 is then excited by outputs of
the counter 66. Sample holding control signals 73 and
75 having a phase difference of 90° are thus created
to control operations of the first and second S/H 35
and 56.

Therefore, the first S/H 55 holds the smoothing
circuit output signal 72 responsive to control signal
73 applied from the mono- multi 62 at a timing of a

phase 90° to the output signal wave- form applied from

one of the vibration detecting sensors, and it sends

this value thus held to the second S/H 56. The second
S/H 56 maintains the value held by the first S/H 55
responsive to control signal 75 applied from the mono-

multi 62 at a timing of a phase 180° to the output

detecting sensors, and it sends the value, thus

maintained to the comparator 57 at the next stage.
The value held by, and applied from, the second

S/H 56, is compared with a drive amplitude reference
level 77 in the reference voltage generator circuit 63
by the comparator 57. The differential amplifier 58
amplifies a difference of both values and sends 1t as
control voltage C to the multiplier 59. The

multiplier 59 multiplies this comparator output 78 Dby
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applied from the wvibration detécting sensors 11 and
12, to obtain signal A * C * sintwt, and sends it to
the exciter circuit 60. The exciter circuit 60 causes
current, which is proportional to A * C * sin wt, to
flow into a drive coil (or electromagnetic drive coil)
61, so that the vibration amplitude of the pipe can be
controlled.

As apparent from the above, a negative feedback
sample holding control circuit is created Dby the
vibration detecting sensors 11 and 12, LPF 50, buffer
51, amplifier 52, full-wave rectifier circuit‘53,
first S/H 55, second S/H 56, compafator 57, error
amplifier 58, multiplier circuit 359, exciter circuit
60 and drive coil 61.

In the embodiment shown in FIG. 8, the smoothing
circuit output signal 72, which represents the
vibration amplitude value is sampled and held at a
first specific phase and the wvalue thus held is also
sampled and held at a second specific phase 1n a
following cycle of the first sample hold, even when
pump and fluid vibrations are large. During this
cycle, therefore, the first sample hold value 1s
maintained by the éécond sample hold. The wvalue of
difference voltage (or control voltage) C is thus

ascertained and the multiplier output signal 79 1is
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ascertained and the multiplier output signal 79 1is
obtained by multiplying output signals of the
vibration detecting sensors by comparator output
value, which is certain during one cycle. The pipe
can thus be excited by sine wave, which is not
distorted in any cycle and which has a higher
frequency purity.

In the embodiment shown in FIG. 8, the phase of
the first sample hold has been set at 90° or 270° of
the output signal waveform of the vibration detecting'
sensor 11 or 12 and the phase of the second sample
hold has been delayed from the one of the first sample

hold by 90°. However, the phase of the first sample

. hold can also be set at 90° and 270°, at 0° or 180°,

or at 0° and 180°. This is because a phase difference
of 90° is caused relating to the wvibration
displacement of the pipe in the former case, and
because no phase difference is caused in the latter
case, depending upon whether the vibration detecting
sensors are used as speed or position ones. The

reason why 90° and 270° are used instead of 90° or

270°, and 0° and 180° instead of Q0° or 180°, exists 1in

that responsibility is accelerated.

Further, the sample hold circuit has been divided

into first and second S/H in FIG. 8, but the second
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S/H 56 can be omitted. However, no changeover 1is made
at positions of 0° and 180° of the sine—wave-like
phase of’' the multiplier output signal. Therefore,
waveform is changed over, step-like, one at a time,
when the wvalue held by the first S/H 55 is re-newed.
As seen in the above, the phase holding the amplitude
value of pipe vibration waveform, detected by each
vibration-deﬁecting sensor, is set at about 90° or
about 270°, at about 90° and about 270°, at about 0°

or about 180°, or at about 0° and about 180°.
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CLAIMS:
1. ~ An apparatus for measuring mass flow of a fluid

flowing in a vibrating pipe, by detecting asymmetrical
flexural'oscillation_of the pipe through a pair of
detectors, and determining said mass flow by comparing the
phase difference between output waves of saild detectors,

comprising:

a sample and hold means for sampling and holding
an amplitude value of the pipe vibration waves, at a time

responsive to the output of the detectors;

a comparing means for comparing said held
amplitude value with a present vibration amplitude value and
outputting a difference between the values as an error

value;

an error amplification means for amplifying said

error value output from said comparing means; and

a vibration means for adjusting a vibration
amplitude of the'vibrating-pipe, based on said amplified

error value obtalned by said error amplification means.

2. ~ The apparatus defined in claim 1, wherein said
sample ahd holdmeans'samples and holds an.amplitude_value
of the pipe vibration:waves at a phase of the detected
vibration wave selected_fromithe group comprising values

around 90 and 270 degrees.

3. . The apparatus defined in claim 1, wherein said
sample and hold means samples and holds ah amplitude_value
of the pipe vibration'waves first at a phase of the detected
vibration wave~having'a value ardund 90 degrees, end.second

at a phase having a value around 270 degrees.
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4 . ~ The apparatus'defined~in-claim.l, wherein said
sample and hold means sampies and holdé an amplitude value
of the pipe vibration.wavés ét a phase 6f the detected
vibration wave seleCted from the group comprising values

around 0 and 180 degrees.

5. 'j The apparatﬁs defined in claim 1, wherein said

sample and hold means samples and holds an amplitude value
of the pipe vibration waves first-at a phase of the detected
vibration wave having a value_around 0 degrees, and second

at a phase having a value around 180 degrees.

6. An apparatus for measuring mass flow of a.fluid
flowing in a vibrating pipé driven by a pipe exciting coil,
by detecting asymmetrical fleXural oscillation of the pipé
through'a pair of detectors, and détermining salid mass flow
by comparing the phase difference between output Waves of

sald detectors, comprising:

a first sample andihold means for sampling and
holding an amplitude value of the pipe vibration waves, at a

time responsive to the output of the detectors;

- a second sample and hold means for sampling and
holding the value of said fitst sample and hold means, at
least one time per periods_at:a,phase at which a time
differeﬁtial value for an input current of the pipe\exciting

coll 1s maximum;

a comparing means for comparing said held value of

said second sample and hold means with a preset vibration

\amplitude va1ue and outputting a differencé between the

values as an error value;

:an erroxr ampllflcatlon means for ampllfylng said

error value output from sald comparlng means; and
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a vibration means for adjusting a vibratiou

amplitude of'the vibrating pipe, based on said amplified

error value obtained by said error amplification means.

7. ~ The apparatus defined in claim 6, wherein said

first sample and hold means samples and holds an amplltude

value of the pipe v1bratlon waves at a phase of the detected
vibration wave selected from the group comprising values
around 90 and 270 degrees, and salid second sample and hold
means samples and holds the value of said first sample and
hold means at a phase.delayed about 90 degrees in relation

to said holding phase of said first sample and hold means.

8 . - The apparatUS defined in claim 6, wherein said
first sample and hold meanstsamples and holds an amplitude
value of the pipe vibratiOn'waves twice, first at a phase of
the detected vibration wave having a value around 90
degrees, and second at a phase having a value around 270
degrees, and said second. sample and hold means samples and
holds the value of said flrst sample and hold means at a
phase delayed about 90 degrees in relation to said holding

phase:of said first sample and hold means.

9. ' The apparatus defined in claim 6, wherein said
first sample and hold means samples and holds an amplltude
value'of the pipe v1bratlon waves at a phase of the detected
V1bratlon wave gselected from the group comprising values
around 0 and 180 degrees and said second sample and hold
means samples and holds the value of sald first sample and
hold means at a phase delayed about 20 degrees in relation

Co said holding phase.of said first sample and hold means.

10. The apparatus defined in claim 6, wherein said
first sample and hold means samples and holds an amplltude
value of the pipe vibration waves tW1ce, first at a phase of

the detected vibration wave having a value around 0 degrees,
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and second at a phase having:a value around 180 degrees, and
said second sample and hold means samples and holds the
value of said first sample ahd\hold means at a phase delayed
about 905degrees in relation'to-said'holding_phase of said

5 first sample and hold means.

11. . A method of measuring mass flow of a flﬁid flowing
in a vibrating pipe by detectlng asymmetrlcal flexural
oscillation of the pipe through a pair of detectors, and
determining said mass flow by comparing the phase_difference
10 between output waves of said detectors, comprising the steps

of:

sampling and holding an amplitude value'ofjthe
pipe vibration waves, at a time,responsive to the output of

the detectors:

15 | comparing said held amplitude value with a preset
v1bratlon amplitude value and outputting a dlfference'

between the values a8 an error value:
amplifying said error value;

adjusting a vibration amplitude of the vibrating

20 pipe, based on said amplified error value.

12. i A method of measurlng mass flow of a fluid flowing

in a V1brat1ng pipe driven by a plipe ex01t1ng coil, by

detectlng asymmetrical flexural os01llatlon of the pipe

through a pair of detectors,.and determining said mass flow
25 Dby comparing the phase dlfference between output waves of

said detectors comprising the steps of:

first sampling and holding an amplitude value of
the pipe vibration waves, at a time responsive to the output

of the detectors;
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secondly sampling and holding'the held amplitude

value at least one time per periods at a phase at which a

time differential value for an_input current of the pipe

exclting coil is maximum;

comparing said sédondly held value with a preset
vibration amplitude value and outputting a difference

between the values as an error value;
 amplifying said error value; and

- adjusting a vibration amplitude of the vibrating

pipe, based on said amplified error value.
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