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Background to the Invention Traditional fluid flow meters in donestic and
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passed through a meter. Such mechanical arrangements are not highly
accurate, especially at low flow rates, such as those required to
maintain a gas pilot light. Accordingly, inaccuracies in low flow rate
measurement can represent a substantial loss of income to the supplier of
gas, and water.

Over recent years, there have been a number of proposals that
utilise electronics technology so as to provide for substantially higher
accuracy of the fluid flow measurement. Such systems generally
incorporate ultrasonic transducers that transmit ultrasonic signals both
upstream and downstream to measure the times of flight of the signals.
from which the relative speed of the fluld can be calculated. Examples
of such devices for use in measuring liquid flow rates, are found in U.S.
Patent Nos. 3,898,878 and 3,329,017 which use amplitude based
measurement. U.K. Patent Application No. GB 2,222,254 A identifies that
amplitude measurement is generally not practical in gas flow measurement
due to substantial variations in amplifude between the transducers. This
results in it being difficult to detect the moment of time when a signal
is received and thereby accurately determine the time of flight.

GB 2,222,254 A disclosed a system which used ultrasonic signals
transmitted as packets whereby a phase chahge is inserted into the middle
of each packet, and thus represents an identifiable timing marker from
which the time of flight can be calculated.

However, problems arise with the detection of a phase change when
measuring fluid flow in a small duct or conduit because the ultrasonic
signal is reflected by the wall(s) of the duct which causes mﬁltipath
propagation. The multipath propagation effectively alters the bhase
relationship of energy reaching the receiving traﬁsducer, and hence, the
timing Qf“the phase change is not reliably dgtgctable. Alsc, the
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anplitude neasurenent is generally not practical in gas flow neasurenent 25
Hue to substantial variations in anplitude between the transducers. This

results in it being difficult to detect the monent of tine when a signal is
recei ved and thereby accurately determne the tine of flight. GB 2,222, 254
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there is disclosed a method of detecting the time of arrival of an
acoustic wave packet transmitted at a particular frequency, said method

10 comprising the steps of detecting the wave packet and forming a recelved
signal therefrom, rectifying and filtering the received signal to form an
envelope signal, detecting when said envelope signal crosses a detection
threshold to thereby enable the detection of a transition across a
predetermined level by sa1d received signa] the transition across said

15 predetermined level representing a determinable number of cycles of said
received signal at said particular frequency after the arrival of said
acoustic wave packet.

In accordance with a second embodiment of the present invention
there is disclosed an electronic fluid fiow meter comprising first and

20 second transducers locatable within a fluid, transmitter means for
energising one of said transducers to cause emission of one or more
acoustic wave packets therefrom for reception by the other said
transducer, control means connected to said transmitter means for
reversing the direction of transmission of said acoustic wave packets,

25 timer means connected for enablement to said control means for measuring
a time of flight of each said acoustic wave packet, said timer means
being stopped by a trigger sigﬁal outpht from a receiver means connected
to said transducers, said recelver means detecting an increasing envelope
of a received signal and upon the passing of predetermined threshold by

30 said envelope, said trigger signal is output upon the next transition
across a predetermined level by said received signal.

Generally, a selected one or more of the pTurality of acoustic wave
packets is transmitted having its phase or polarity inverted with respect
to immediately adjacent wave packets. This substantiaily reduces the

35 effects of propagating high-order acoustic modes which interfere with the
detection of the arrival of the wave packets and cause errors in the
actual time of detectioh.

is Sheet Pllii|]|3|e|e|n ||eilaced




According to one aspect of the present invention there is provided a nethod
bf detecting the tine of arrival of an acoustic wave packet transmtted at
a particular frequency, said method conprising the steps of detecting the
wave packet and formng a received signal therefrom rectifying and

filtering the r&ggé P{&g signal to forman envel ope signal, géleéﬂéfgq%év\hen

sai d envel ope signha rosses a detection threshold to there % he
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transition being a g} ﬁémnaﬂte?maﬁwmnsﬁﬁorpxéh?%an 3t sobekfoWUed tEqUeNcy,
after receipt of Or]q rontcgvay co&%ensaﬁe for changes in temperature both of the fluid,
15 and within the housing.

For domestic applications metering a gas supply, the preferred
embodiment is battery powered and includes various arrangements to reduce
energy consumption and thereby ensure long 1ife of the batteries. For
example, high frequency clocks are generated from low frequency crystals

20 which consume substantially less power than their high frequency
counterparts. Also, high gain, low Q transducers are preferred which
reduce the power required to drive them and thereby reduce energy
consumption.

The preferred embodiment provides substantially linear results for

25 rates of 0-7 cubic meters per hour. For a 12.5 mm tube, the accuracy is
generally between 0.1 and 0.15% and no greater than £2% for the top 75%
of the flow range. These performance figures are suitablie for the
economic metering of .a pilot gas flow of 13 litres per hour. -...

Brief Description of the Drawings

30 A preferred embodiment of the present invention will now be
described with reference to the drawings in which:

Fig. 1 1s a block diagram of the electrical arrangement of a gas
meter of the preferred embodiment;

Fig. 2 is a block diagram of the digital device of Fig. 1:

35 Fig. 3 is a block diagram of the analogue device of Fig. 1.

Fig. 4 is a timing diagram of signa1s produced by the circuits of

Figs. 1, 2 and 3;



REPLACEMENT SHEET -2a- Cenerally, a selected one or nore of the plurality
‘of acoustic wave packets is transmtted having its phase or polarity
inverted with respect to imedi ately adjacent wave packets. This
substantially reduces the effects of propagating high-order acoustic nodes
which interfere with the detection of the arrival of the wave packets and
cause errors MNP P@564ctual tine of detection. WD 93/ 00%6T/AU92/00314

PCT/ AU92/ 00314 3 Generally, the predeterm ned level is a zero-crossing
obtai ned froma zero-crossing detector. Fro4ma known separation of the
transducers, and froma cal cul ated averagé of the tines of flight, fluid
fl ow cal cul ati ons canfife frhgea. front ePr"é‘T‘efr Aawof theeosps| meiter Pausiiinet er

i ncorporates a nmenoryFigeanss ianreahietévationivded bowhelgisangtan hasimtored. Al so

preferably, the flui drfd oy it oie 3h SRt HASP (A glThitef A6A1RANS adapt ed
to transfer data st Orflg Vé"is crofsS sebc\émn af”%he e(t)ta' ?%9%};@?9%9 er%' cal ly,

the electronic _fluid y op hough "mai ns
supply can be tsetf H-YhH PsFégnc?'osed within a hou5| ng configured to mnimse
an increase’in tenper&taur®e iwat mom-tmmmoozfsthtggashmmr taken along the line
IX~-IX of Fig. 5; and
Figs. 10A~10D {llustrate waveforms relating to the gain setting
process. _
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The preferred embodiment is a domestic gas meter 50, generally seen
in Fig. 5, which is battery powered by one 3.5 volt D-size 11thium
battery 51 (Fig. 8) to give a service 11fe of about 8 years.

' The meter 50 d1rect1y measures the velocity of a gas stream bv

15 determining the time of travel in both directions of bursts of ultrasound
in a tube 52 through which the gas flows, seen in Fig. 6, of known
diameter and length. Ultrasonic transducers 5 and 6 are arranged within
respective aerodynamic housings 53 and 54 (seen in phantom in Fig. 6) at
each end of the tube 52 and can function either as ultrasound emitters or

20 detectors. The tube 52 has a 14.0mm internal diameter.and is insertable,
via appropriately flanged portions 55 and Ss'having threaded connections
57 and 58 respectively, into a standard 25mm (1 inch) gas pipe (not
illustrated). 1In the preferred embodiment, the transducers 5 and 6 are
spaced apart by a distance of 175mm.

25 A suitable type of transducer that can be used with the preferred
embodiment is that disclosed in International Patent Application No.
PCT/AU91/00157. '

The gas volumetric rate under flowing conditions can be readily
calculated from the measured velocity and the dimensions of the tube 52

30 as generally known in the art. To achieve a desirable accuracy, a number
of ultrasonic bursts or packets are sent in sequence, with the start of
each new burst being triggered by the arrival of its predecessor at the
detector end of the measuring tube. The average travel time is then
determined by timing the segquence as a whole and dividing by the number

35 of bursts transmitted. The generation, emission and detection of a
single ultrasound burst will henceforth be referred to as a
“ringaround”. A single scan of the gas flow consists of two sets of &



woul d affect the operation of electronics conponents within the fluid flow
treter. Thermal conpensation nmeans can al so be provided to electronically
conpensate for changes in tenperature both of the fluid, 15 and within the
housi ng. For donestic applications netering a gas supply, the preferred
enbodi ment is battery powered and includes various arrangenents to reduce

ener gy consuEp§bggm@%g t hereby ensure long life of the bat%@ﬂd%@umﬁ?

exanple, hig requency cl ocks are generated from |l ow frequency crystals 20
whi ch consune substantially | ess power than their high frequency

counterparts. Also, high gain, low Q transducers are preferred which reduce.
the power required t
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30 ‘A preferred enbodi ment of the present 1nvention wll now be
described with refBPEREES 1BHte ApLiimRy<hs HIRTBH PEsts- Ihf Srefepiebek
di agram of the el eavbodiventt ar deangjoeremgretf i nbelds ameundrtwoflSt Replipeadfar r ed
enbodi ment; Fig. ZspeSifac bhiegkatéd agicasrts Ofan tan@loghegidvate clawd @edigftaFidgvicd: 35
Fig. 3 is a bilock )d' 21 %cpcfior;shcﬁ" @d}ﬁlltﬂglﬁgviqgs\/il Ghid Qf ca'ﬁi l%wevlf' be incorporated
10 onto a single LSI device, as known to those skilled in the art, which
would reduce the unit cost of the electronics package. '
Fig. 1 shows an overall block diagram of the electronics package.
- The digital "device 1 controls, via a number of. control lines 10, the
analogue device 2, as well as two ultrasonic transducers 5 and 63 a.
15 liquid crystal display (LCD) 7 and an optical interface 3. The
" transducers 5,6 are physically arranged within the gas-carrying tube 52
as seen in Fig. 6. An EEPROM 4 (Electronically Erasable Programmable
Read-Only Memory) provides calibration information for the meter 50, and
& Reed switch 8 is attached to a protective cover 59 over the LCD 7 (seen
20 in Fig. 5) so as to switch on the LCD 7 when the cover 59 s opened.
A number of the lines 9 between the digital device 1 and the
analogue device 2 allow tranémission of electrical pulses from the
digital device 1 to the transducers 5 and 6, and also allow the passage
of the received signals to the analogue device 2. A 1ine 11 carries an
25 amplified version of the received signal from the analogue device 2 to
the digital device 1. A line 12 carries a feedback signal, used for gain
control and timing purposes, to the digital device 1. A reference
voltage, generated on the analogue device 2, is carried to.the digital
device 1 by line 13. The optical interface 3 includes & window 60 (shown
30 in phantom in Fig. 5) under the protective cover 59 and preferably
contains a PIN diode and a light-emitting djqde (not 1llustrated but
known in the art) to allow reception from, and transmission to, outside
devices via an infra-red serial iink. A parallel connection of lines 14
interconnects the digital device ! with the LCD 7.
35 As seen in Fig. 2, the digital device 1 includes an arithmetic
logic unit (ALU) 15 which communicates via address and data buses 42 with
a read-only memory (ROM) 16, a random access memory (RAM) 17, and an
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Fig. 4 is a timng diagramof signals produced by the circuits of Figs. 1,
2 and 3; WD 93/ 00569

PCT/ AU92/ 00314 -4 - Fig. 5is a front elevation view of the gas neter
housing; Fig. 6 is a rear elevation view of the gas neter housing; Fig. 7
is a side elevation view of the gas neter housing; Fig. 8 is a :
cross-section WP %BMS6Yas neter taken along the line 5 VI PE/WHIZ003K Fj g.
5; Fig. 9 is a cross-section of the gas neter taken along the line I X-1X of
Fig. 5; and Figs. 10A-10D illustrate wavef or relating to the gain setting
process. 10 Best and Ot her Mbodes of Carr Qut the
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of travel in both I'n a tub hrough'
whi ch the gas f1 OV\%E"‘?éecﬁ"'leﬁtaP?"gm éhe g9 kHodsY ! i hmet er and | engt h.
UI trasoni c transducer sA3legkdundt 4B erayidemgedodki friaguancy of 9.8304 MHz to a

.o ... high-speed counter 23, as-well as a 2.4576 MHz CPU clock for the ALU 15,

and other sub-multiples for communication purposes. In addition, the
clock unit 18 provides a 32.768 kHz signal for use as a real-time clock.

10 The high-speed counter 23 is provided with a connection to the feedback
line 12 to allow the counter 23 to be stopped when appropriate with its

- contents then being made available to the ALU 15 via the peripheral

registers 19. A control unit 22 provides control signa]s to the analogue
device 2 to direct its operation during the scan process

15 A signal generator 21 outputs an u1trason1c signal on one of the
two pairs of signal lines 9. The frequency of oscillation of the signal
generator 21 is set by external timing components consisting of two
resistors and a cépac1tor (not shown i{llustrated). The generator 21 is
designed so that the width of the first pulse is the same width as

20 subsegent pulses. The operation of signal generator 21 is similar to the
555 timer, known to those skilled in the art. A communications unit 20
provides two channels of communication, the first of which being serial
link with the EEPROM 4, whilst the second provides a serial RS232-format
link with external communication devices through the optical interface 3.

25 As seen in Fig. 3, the analogue device 2 has a preamplifier 24
which takes the received signal from one of transducers 5 or 6 via one of
the pairs of lines 9, and provides an amplified signal to an automatic
gain controlled (AGC) amplifier 25. The control voltage for AGC
amplifier 25 is obtained from an external capacitor 40. A filter

30 amplifier 26 drives a full-wave precision rectifier 27, and an RC networt
28 filters the resuiting signal and extracts the shape of the rising
portion of the signal envelope of the received signal. The output of the
filter amplifier 26 is also passed via line 11 to the digital device !
where it is converted into a series of digital pulses. The envelope

35 signal is then passed to a comparator 29, where it is compared with one
of a number of voltages, depending on the configuration of the control
lines 43 from an internal control unit 30. The comparator 29 provides
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respective aerodynam c housings 53 and 54 (seen in phantomin Fig. 6) at
each end of the tube 52 and can function either as ultrasound emtters or
20 detectors. The tube 52 has a 14.0mminternal dianeter and is

i nsertable. via appropriately flanged portions 55 and 56 having threaded
connections 57 and 58 respectively, into a standard 25mm (1 inch) gas pipe
(not illustrat the preferred enbodi nent, the trans and 6
are spaced apa?te)ggl;/mégsldi stance of 175mm 25 A sui ta% eﬁ{h?/zééno
transducer that can be used with the preferred enbodi nent is that disclosed-
in International Patent Application No. PCI/;AU91/00157. The gas volunetric
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vel ocity and the dj nensjons as generally known in the
art. To achieve a §&¥frlabl e accuracy, a nunber of ultrasonic bursts or
packets are sent in sebbércenitviltises handsganr ¢irofi teyath seneveteur seferséiang
triggered by the aioftag@lvREH off hémiplieglaCc@mSENks ah 1tidee13etrdedeadenend aftet he
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consi sts of two setss Gfie aositiveDeBS.@56Itage VPR goes to an external resistor
PCT/ AU92/ 00314 chain 35/36/37/38 provides three reference voltages which are input into
10 the comparator 29. The control unit 30 decodes the control information
provided by the digttal device 1 via lines 10, and selects which of the
reference voltages is to be compared in comparator 29 with the envelope
signal passed.from the filter 28. -The bias unit 31 also generates bias
voltages for all circuit blocks on the analogue device 2 under the
15 control of signals from the control unit 30, and includes power-up
circuitry which operates only when instructed by the digital device 1.
In addition, bias unit 31 generates a battery monitor voltage (VBM) also
output on the bus 44. . i
A digital to analog converter (DAC) is provided fn the anaiog
20 device 2 and is used to generate a control voltage for the AGC amplifier
25. The DAC is also used for analog to digital conversions using the
dual slope conversion method. Analog to digital convertions are carried
out by a combination of components on both the analog and digital devices
1, 2, as explained below
25 The digital device 1, using the counter 23 and the control unit 22,
control the digital to analog conversion via the control unit 30
outputting the control Tines 43. The circuitry on the analog device 2 _
which carries out the digital to analog conversion consists of a buffer =
amplifier 33 having switchable inputs and an operational amplifier 34
30 connected as an integrator with an external resistor 39, an external
capacator 40 to set the integrator characteristics, and the comparator
29. The comparator 29 output is avatlable as a digital signal on the
control bus 43. The switchable amplifier 33 is controlled by the control
lines from the control unit 22. '
35 Analog to digital conversions can be carried out on twoc sources
VBM, a scaled version of the supply voltage, and the output of a buffer
amplifier 32. The input of the buffer amplifier 32 is connected to a



5 predeterm ned nunber of ringarounds, first in one direction and then in
*the other. The interval between scans is chosen so as to obtain the

requi red accuracy over the period between neter readings. For a donestic
neter a suitable interscan interval is typically sixteen seconds. 5

The neter 50 is provided with an el ectronics package whi ch generates,
detects, and t wuaess/dos® ul trasonic bursts. The preferred enlpoudisventosns
described herein is built around two LSl application specific, i nt egr at ed
circuits; an anafogue device 2 and..a digital device 1. The furctions of
both the devices 1 and 2 can however be incdrporated 10 onto a single LSI
devi ce, as known ttnethioRe @it Ish@d) ilocatdvewiantn thehmetbr Bo.Ul The ribemntetot He uni t
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gas-carrying tube §%rrﬁ§t&eﬁsﬂgén@raﬂ)@con@1gum ﬁEPWn@ar@En@%E’QlﬂdﬁCBAl’sc}/nm

Er asabl e Pr ogr ammap| e ,Re galg)}jlayrath/%ﬁzgogy%arp{‘grl dﬁgdaq]g{dgb{oag1§pg] BhRENBLI ON

for the neter 50, and a tect ve cover 59_.

over the LCD 7 (sefA P0iThisg Yt ag)volipoes betyean, yhR3pd Vﬁ&t he "t en the
cover 59 is openedconpeatinrbefi thef thetmd stor nisssugh [FbatWERER qoh@smngﬁ tt%lla device 1
and t he anal ogueo deatbér@tute alfl @0r arAMRTE S Béspondeftoeizett riveednt pul sses 1éd am t he

digital device 1 tethQrdisalSEHULSR DutbufRH the d?PdarbsAc@h! OwikharRassage
only supplied when a temperature measurement is being carried out.

The operat1on of the electronic circuitry of Figs. 1, 2 and 3 can

now be described, a control program for such operatlon residing in the
15 ROM 16.

A scan consists of the following steps:

1. A first transmission direction is selected, and a variable
number of single ringarounds are performed, with the object of
determining the level of response at the receiving

20 transducer. Trials.are continued.in this manner, in which the
gain of the rece1ver 24 is adjusted until the received
response falls within preset limits corresponding to a voltage
between the voltages present at the connecting nodes of
resistor 35 and 36, and, resistors 36 and 37. A maximum of

25 nine such trials can be performed.

2. The highéspeed timer 23 is started simuitaneously with the
commencement of the preset seguence of measurement ringarounds
which can include any number of ringarounds, but preferably is
64. .

30 3. At the end of the series of measurement ringarounds, the value
in the counter of high-speed timer 23 is transferred to a
peripheral register 19 in the digital device 1.

4. The second transmission direction is selected, and the
remainder of Step 1, and Steps 2 and 3, are repeated.
35 5. Software in the digital device 1 then calculates the fiow rate

for the scan period from the high-speed timer values stored in
the peripheral registers 19. ’



of the received signals to the anal ogue device 2. A line 11 carries an 25
arrpllfled version of the received signal fromthe anal ogue device 2 to the
digital device 1. Aline 12 carries a feedback signal, used for gain
control and timng purposes, to the digital device 1. A reference voltage,
generated on the anal ogue device 2, is carried to the digital device 1 by
l1ine 13. The oo B&eséINt erface 3 i ncludes a wi ndow 60 (showcTaUR/03akant om
in Fig. 5) under the protective cover 59 and preferably contains a PIN
~diode and a light-enmitting diode (not illustrated but known in the art) to
allow reception from and transmssion to -oBitsi de devices via an infra-red
serial link. A parall elTheotmes diagnanodf Figies sheksithe dntidatiec bt thtee di git al

device 1 with the EGBir6unddD The first 1% SR V\ﬁcﬂaﬁ'tﬂ rivgardub® dhitgitha@lovgheyvi ce 1
includes an arit hrr!’?etmI hmkgoq unn;'%ad(nessu}or]'%g Ra\%mfesp%mw Slagﬁv%riyeldaph?sqd&ess

and data buses 42 vvlfa dy macc menory
(RAM 17 and an t\megquoo15lggoun The second, reverse- polamty burst eaves the

PCT/ AU92/ 00314 56 outaytr dov, parditpheiied! busgi $¢ epwall 9olar Fyef &F A greféraedROM 16
has a capacity of &QfelttCone Whiel Birst HEenRAN 16 thoNGE S b sOfin ttwd draapinst-er -
files of 128 byt er aﬁ@cﬁgnsmﬁbc@d png mesre%en'engrﬁtIWé pq‘gfeﬁdbd)o‘ﬁ’ ftupﬁefAl-}l'yJ 15 to

communi cate with speci a nctl ons evi ce 1, as well

as with other 5 &6t & ‘é‘eg%ﬁﬁgﬂqaﬁ’iﬂgs t o eI gt F"é’l" ‘deﬁ)%e

summarized as follows: .
10 O - Oscillator Enable. Enables the transmit oscillator -0SC.
osc - Transmit Oscillator. This signal is a square gated wave of
50% duty cycle, and has a fregquency of 115 kHz in the
preferred embodiment. Frequencies of between 40 kHz and 200
kHz are generally suitable. '
15 0G - Oscillator Gate. This is enabled by the-rising edge of OE.
and is disabled by a pulse counter operating on rising edges
of OSC. The pulse counter compares a counter limit (e.g. 3)
stored in the peripheral register 19. The counter limit is
set by software.
20 0SG -~ Gated Transmit Oscillator Signal. This-is the basic burst
' form before modification by polarity reveérsal circuitry and is
obtained by ANDing OSC and 0G.
POL - Polarity. The software can write to a specific one of the
peripheral registers 19 to signify that a polarity reversal of
25 the transmitted burst is required after the current
ringaround. Thereafter, the falling edge of OG causes POL to
be asserted. If POL is already asserted the fai]xng edge of
0G negates i1t.

B - Burst. This is the signal applied to the emitting
30 transducer. It is obtained by XORing POL with 0SG.
RB - Received Burst. This is the signal obtained from the

receiving transducer and applied to the receiving preamplifier
24. A filtered version of this signal (made available on line
22 of Fig. 3) is sent to a comparator on the digital device I.
35 RCVP - Receive Polarity. A high-to-low transition of POL causes RCVP
to be asserted. It is negated by the next falling edge of
POL. Changes in receiver polarity take place one ringaround



A clock unit- 18 provides a clock frequency of 9.8304 MHz to a hi gh-speed
counter 23, as well as a 2.4576 M#z CPU clock for the ALU 15. and ot her
sub-mul tiples for comuni cation purposes. In addition, the clock unit 18
provi des a 32.768 kHz signal for use as a real-tine clock. 10 The

hi gh- speed counter 23 is provided with a connection to the feedback |ine 12
to allow the cowon00s@®3 t o be stopped when appropriate witlpdriasez/oeent ent s
t hen bei ng made available to the ALU 15 via the peripheral registers 19.- A -
control unit 22 provides control signals to the anal ogue device 2 to direct .
Its operation during the scan process. 15-10 - A signal generator 21

out puts an ultrasonic si gnaterotheOfgnsait bbI@r {90 pOAI thangRE. STIgBANgdal nes - 9.

The frequency of osci llat'rQ.S'reQ%ntE 16 S00PA GRAST A 2k drucBRS gdtlcigt er nal

timng conponents consisting o Pesi stors Itor (not shown
illustrated). The generat4 r Te?eé‘t"c?egﬁf Qrf@ﬂpa&;”f'hﬁ"twf‘ﬁg a\%naifl‘t H‘pétf % first
pul se i s the same wi dth agepi@hergljiyegigsatt 1%en g 11 feRedropes ¢ 6?!"‘6‘?' wiignal -
generator 21 isSsimlar ta2tdetteSbgttalmaieyicknown to those skilled in the

art. A communi catigrgs uni tg,rQ wcel%&i@@ctﬁmdChﬂﬁpakSth@fou{;pqmwmh@%uc@&mt he.

first of which being seri al_lec,nfpr Wth t he EEPROM 4, whil st the second

provi des a seri al R8232 format Tinmk with external communication devices

through the opticafWinterfiaxedore. JBis stgnal is abtained pyifiltaripg BRR. 3pd 15nal ogue
device 2 has a preanplifi efeldydd whihctespeitel® BRAceraseiof dlle Simgnednsfantnirone of
transducers 5 oro 6 via onenefriifReingdrb&esof the NR612z8ataf¥dtHRE QYhddetdftate

anplified signal to an a“tﬁﬁ%{eﬁtﬁg't’ﬁr&ﬂ&tdr&ue‘? Eﬁé&:gheavgp@agg |a@rtrg§ delne

zg-nt rzl fYF![ te?ge for AGC a resistors 37 and 38. %Jhe enve ope 5 app?ﬂdetron% capaci tor
) L comparator 29. . . .
oo - FB - Feedback. When ENV passes the detection threshold it causes'-
15 FB to undergo a low to high transition.  The next signal

transition of the received burst signal RB of a polarity
determined by RCVP asychronously initialises a ringaround by
triggering OE.
The signal generator 21 includes circuitry for the production of
20 the OE, 0SC, 0G, 0SG, POL and B signals. D
The signals shown in Fig. 4 are each shown broken between adJacenf
bursts. This is because a burst 1s transmitted upon reception of the
immediately preceding burst, and because the time taken for the burst to
traverse the distance between the two transducers 5 and 6 is
25 substantially longer than the time taken to produce the burst. HWhen in a
typical natural gas, the ultrasonic bursts travel at a speed of about 430
m/sec (the speed of sound in air is about 340m/sec) and the time of

flight is generally about 0.41 milliseconds. However, the time takento' = ¥~ ™7

emit the burst is generally four times the pulse period which, for a

30 transmission frequence of 105 kHz, is about 30 microseconds. The time of
flight quoted here is for sound travelling in stationary air and this
time of flight will vary in the preferred embodiment depending upon the
velocity of fluid fiow. If the fluid is a liguid, the time of flight
will be substantially shorter, due to the higher speed of sound in a

35 liquid. For example, salt water has an acoustic velocity generaily
between 1,200 and 1,600 metres per second which is dependent bpon the
salinity of the water and its temperature.



30 anplifier 26 drives a full-wave precision rectifier 27, and an RC
‘network 28 filters the resulting signal and extracts the shape of the
rising portion of the signal envel ope of the received signal. The output
of the filter anplifier 26 is also passed via line 11 to the digital device
| where it is converted into a series of digital pulses. The envelope 35
signal is then passed to a conparator 29, where it is conpared wth one of
a nunber of vowgaye%m dependi ng on the configuration of thBCEARPYM314 i nes
43 froman internal control unit 30. The conparator 29 provides WO

93/ 00569

PCT/ AU92/ 00314 -7- the feedback signal whi Th' s passed via the line 12 to
the digital device 1. MsbilasFianitt tBe atrows bpkwaen §rase B dLirese R dndieater ate a
reference vol t age tWREkheFedaowed matdtyislsudOtanolall iy arighddne ti3he itrmtepenident’ of
battery 5  voltagge neﬂ L,U,Q{ her fixed reference voltages are derived from

this voltage and inclu E)OSI 5%‘? i’(r'-:’e‘}‘é!e\{} now\{’oldggggbe(dVPR}mgtdeg“gov and a
0

negatlve reference vol a erence bus 44.
The positive ieferféhtte i/@?‘t"aijé“WRtﬁ’oé% f%“(H"é?H fé’x‘t"é\"r?a?"af a8t Y BAsBHQI n
35/ 36/ 37/ 38 - provi dwsstt teteetipretbrrertce opoykteagesrashiych Tae aignapyenerioo 210 t he
conparator 29. Thehe@nbgePitet itk twedD 86l QRO UKS kAA) Sout GdE @Ypit1fi PraADS GNi2pr ovi ded
by the digital deVIJHQ.e D;lodw:e% 4 'bﬂ%% O}Qme acgckeﬁeplu?s(éts.s tymicglhyocm'reteh%hich is
amplified and fed to the emitting transducer. The form of this burst is
10 shown in Fig. 4 trace B. By the time this signal reaches the output of
the receiving preamplifier 24, due to the limited frequency response of
the transducers 5 and 6, 1t has become a substantially sinusiodal
-wavetrain with a~smooth envelope as shown in Fig:i~d trate RB. Because of
resonances in the transducers, and filtering effects in the
15 electro-acoustic signal path, this envelope increases rapidly in
amplitude and then tails off gradually over a number of cycles.
The signal amplitude at the output of the receiving detector
preamplifier 24 varies as a function primarily of gas flow rate,
temperature and direction of transmission relative to the flow of gas.
20 In addition, the amplitude of the received signal can be increased by
changing the drive mode of the emitting transducer from a single-ended
drive to a double-ended drive. For single-ended drive one side only of
the transducer is driven while for double-ended drive one end of the
transducer is driven with the normal signal and the other side is driven
25 with tts logical complement. In general, the amplitude of the received
signal cannot be predicted for any one scan, so a number of
single-ringaround .trial transmissions must be performed to establish the .=-- -
required receiver gain and transmitter driving mode to give a constant
amplitude at the preamplifier output.
30 This process is controlied by the software in the digital
device 1. The timer 41 is tied to one of the available clock signals,
and capacitor 40 is charged via resistor 39 for a nominated number of.
clock cycles between zero and 255. The voltage on the capacitor 40 is
applied to the voltage-controlied AGC amplifier 25.
35 A single burst is sent thrdugh the éystem, and the rise of the
received, rectified and filtered envelope is compared in comparator 29
with three reference voltage'levels. The first, and lowest, voltage is a



reference voltages is to be conpared in conparator 29 with the envel ope
S|gnal passed fromthe filter 28. The bias unit 31 al so generates bias
voltages for all circuit blocks on the anal ogue device 2 under the 15
control of signals fromthe control unit 30, and includes power-up
circuitry which operates only when instructed by the digital device 1. In
addi tion, bi asvousrobse8l generates a battery nonitor voltagectMsBdreaiso
output on the bus 44. A digital to analog converter (DAC) is provided in
t he anal og 20 device 2 and is used to generate a control voltage for. the
AGC anplifier 25. The DAC is also used forianalog to digital conversions

using the dual sl ﬁb@@reﬁ&nV&Ez?deOﬁHVHBHWEB b0 s | Gof 97 ) 35391n\ﬂer1§| ons are
carried out by a r?o?‘mﬁ a){ usedl g fnabFeng’o—cross%ngo%tecothgnt leahggt 9&@!}?%&'1%' ta![ he

devices 1, 2, as €ex evi ce i'n
counter 23 and th@ec‘(?H‘lSFoﬁcc'Eﬂ’fF‘i‘e?Z‘p]’éEﬁ‘itfr%l”‘? Hh&akyp |tf‘%1lr°°teb"°8rfél'(968fe

conversi on vi a t hebtziond fodm uppint3Rtwet petitsiarg Ihand cdntandithd Fres 43. The
circuitry on the afedene dOvigeers? WhingMigrst iaecepOibh e teh@ 16beGimpBiltude0 anal og

conver si on consi sgﬁa%d ar‘g‘ug%gg@nqgws%gsegs 23 fving sw tchabl e [ nput s and

an operational anplifier as an i ntegrator Szxternal

resistor 39, an exter h4l ALafat® or' 4ge ¢'o 9§%°(“’E°I‘?eby| é?jr“?attB“’r Capac't‘“
characteristics, @nthet € toorpaemirased RonbeTiE cdenkpeye tasoretPegn gatopind 358-
avai l abl e as a di Qietabr@dhgBardrettnid cdn@ralOsd 0kedibior4R. Thevahideahalbiee

anplifier 33 is cCaphdioy @@lapxps]h@d ¢ORhd b1thdeDEstidi WY Addamg ARl Ods MBIk 22.

35 Anal oghetlgfg; qj.d %urag%rgvogr&leorrégeiggdﬁpble carried out on two sources

Feedback 1ine 12, indicated by trace FB in Figs. 10A-10D, to the
digital device 1.is initially a logic 0, and changes state as each
reference voltage is passed. The received.signal at the output of

15 filter 28 (trace ENV) is at a satisfactory level when the feedback line
12 undergoes transitions 0-1-0 (Fig. 10C); a steady Vogic O indicates
that the received signal level is much too low (Fig. 10A), while the
transition sequence 0-1 indicates that the signal peak is above the
measurement reference level, but is still too low (Fig. 10B). A

20 transition sequence of 0-1-0-1 indicates that-the received signal
envelope has passed through all ‘three reference levels, and is therefore
too high (Fig. 10D). This information {s made available to the software
via two bits in a register in the peripheral registers 19, and the
software uses a binary chop algorithm, of successive trials to eliminate

25 regions in the O - 255 range of possible charging times of the capacitor
40, to converge on a satisfactory gain. If the final gain is
suhstant1a11y less than 50% of the maximum possible, and if at the same
time double-ended drive is being used for the emitting tranmsducer, it is

~ possible that single-ended drive could be used with a consequent saving

30 of power. In this case, the software goes through the whole gain-setting
procedure once more with single-ended drive. Conversely, if the received
amplitude cannot be raised to a satisfactory level with single-ended
drive and a capacitor charge time of 255 clock cycles, the gain-setting
procedure is.repeated with double-ended drive. Once a satisfactory

35 driving mode and gain have been established, the ROM software stores.
these results for the ensuing sequence of measurement rindarounds, and
also as a starting point for the next scan.



»

VYBM a scal ed version of the supply voltage, and the output of a buffer
anplifier 32. The input of the buffer anplifier 32 is connected to a WO
93/ 00569

PCT/ AU92/ 00314 -8 - thermi stor (not shown) |located within the nmeter 50. The
therm stor is located in one of the aerodynam c housings. 53,54 to nmeasure

t he tenperat urpw(s)ﬁ!lwg& fluid. Alternatively, or additi onal l%{‘?@&g{e}"{'{é‘ﬁs'{ or

can be | ocated within the housing 50 enabling nonitoring of nal 5
tenperature which can affect-the life of the battery 51.. . The therm stor
is generally configured W|th a linearizing_resistor (al so not shown) ,

usual l'y arranged in pa The ang | o I gi t S

carried out on vol tageéaBL' rERSRINGPR qu‘\/ﬁgﬁ% %ﬁeﬂa '}g :{ éé‘%‘gﬁh"g@c‘? g‘n of
the thernistor is darhstinatudasRErur s ingsporRds Mf%&“!ﬁyt ehparet (pd bt 860 and
VPR corrésponds t owii2Q@omrfehider @itk al SisShydpdlis€ ki thotHe hed afislae rtimes bexwednr fomian

?ut put on the digitl fewk Cteacl s LY %necwrrs?@ﬁseléf onl Maséltﬁplbbﬁ\q V0 @ Aineof
enper at ure neasur | carried o er

electronic cir Cl§,l| tﬁrm%‘ °fj § e]ti °§‘ca?11c§"§ iﬁ Sﬁ?)"w"bgpgde@c{h% ]og %w
program for such oW@F?%ﬁ*Sﬁ@sr’tﬁhnﬁ’el’r’ic’telﬁ'é’“iﬁ""mﬂ ‘1f6theA"°§&‘aYﬁ"%B‘H§Y §Fs of ,

the foll owi ng st epBe dse of Agh igat, toweMsransdukon damde tehome jthatstleevedpe and a

variabl e increases rapidly such that detection may take place as earlier
_ describedi_ Because of thig, the threshold detection in the rise of the
10 enveiope %s consistently p;éﬁictable and the next zero-crossing of the
received burst RB is used to trigger the transmission of the next burst.
and ultimately for the stopping of the counter 23 or a retransmit.
: Accord1ngly, as seen_from Fig. 4, the.value counted by the counter, 23
corresponds to the time of flight plus two and a half oscil]atlons at the
15 transmit frequency, multiplied by the number of ringarounds_plus any
delay caused by the electronic circuitry. A constant corresponding to
two and a half oscillations multiplied by the number of ringarounds plus
any electrontc delay can be present within the ROM 4. This constant is
deductible from the time measured in counter 23 when calculating the time
20 of flight. | -
In general for any one ringaround the electronic delay is
insignificant. The electronic delay is generally of the order of
nanoseconds while the time of flight will be of the order of 0.5
milliseconds.

sl LN

25 The central probiem in accurately timing the arrival of the burst
is to pick a point which can be consistently identified despite relative
movement between the burst envelope and its constituent sinusiodal
waves The preferred method described herein is to select a partlculaw
zero-crossing point in the early part of the received wavetrain,

30 corresponding to when the pulse is driven rather than resonating, and to
use this zero-crossing point as the timing marker. It is preferred to
perform the detection in the driven part of the waveform, since the
frequency and phase of this portion is locked to the transmitted
waveform. The later part of the waveform is the result of resonances.

35 and may not accurately reflect the frequency of the original ultrasonic
burst.

P

To accomplish this detection, the received signal is rectified



nunber of single ringarounds are perfornmed, with the object of determ ning
‘the | evel of response at the receiving 20 transducer. Trials
are continued in this manner, in which the gain of the receiver 24 is
adjusted until the received response falls within preset limts
corresponding to a voltage between the voltages present at the connecting
nodes of resi ”ﬁgwand 36, and, resistors 36 and 37. A gpx A@g

nine such trials can be perforned. 2. The hi gh-speed tiner 'S started
simul taneously with the comencenent of the preset sequence of neasurenent
ri ngar ounds mhrch can I ncl ude any nunber pﬁ4ringarounds but preferably is

64. 30 ) trace %Rpﬁ in r‘{:qe ?lttttt PJeanSdeFngg'eg)ftn mﬁﬂsﬂ SO v!rJ paar ounds, the

val ue in the coun er gh-speed”t tran er|phera
register 19 in t V&R ts%ﬂpedévﬁh%‘ in Fig. 4 trage E8%GcoRE "t‘?‘é?@f’ntégrl 8ﬁ i rection
is selected, and fihtereermiehaberisofonStrep i1 compacktst @pyith amefesencyvel thepeat ed.
35 S. Sodpivae® at hé hededteg&etealredﬁv&ree37lartdhan @sdnCtik atnes opehennf | ow

rate Lor ][ he S§a”re98{ek Ocqe rg%‘zg%ﬁg‘! g% §hteefedo clrogg{ngv@eltm& 3§ Ghade i n t he
gng} RUS;?OOE’E%I St ta} device 1 is enabled for a limited time (at least one cycle and no

more than two cycles of .the chosen ultrasonic frequency), and the next
transition of a digitised derivative form of the unfiltered received
signal RB on the line 11, corresponding to the next zero crossing of PR,

10 is used as the timing reference point to register the arrival of the
burst. To achieve useful results, the reference voltage must be a fixed
proportion of the peak amplitude of the received envelope emanating from
‘tlter 28, L As 1nd1cated by the dotted line in th 4 trace ENV .

Returntng to the commencement of a rtngaround sequence, the ROM

15 software initialises a counter which will terminate at the required
number of ringarounds, and then causes the ringaround sequence to
commence by writing a code to a control register in peripheral register
bank 19 from where it passes to control unit 22. The writing of this
commencement code also starts the high-speed counter 23, running at

20 9.3804 MHz. Finally, the ROM 16 softwaré executes a WAIT instruction.

" The control unit 22 commences a sequence of events which is largely
automated. In this mode, the detection of a specific zero crossing of an
arriving ultrasonic burst at the receiver transducer (5 or 6> causes an
immediate retransmission. The next signal transition of RB on line 11

25 which is of appropriate polarity asynchronously triggers a retransmission.
The feedback signal 12 awakens the ALU 15 from its WAIT state. Upon the
awakening of the ALU 15, the ROM software updates its r1ngaround count
and checks whether the limit has been approached if the rtngaround ]
count has reached one count less than its predetermined 1imit, the

30 software nullifies the commencement code originally written to control
unit 22, thus breaktng the retransmission loop and terminating the
sequence after the next ringaround. The software then resets the flag
bit which caused the wakeup, and another WAIT instruction is executed.
This software activity all occurs during the time-of-flight of the

35 acoustic signal along the tube 52, independently of the automated process’
of detection and retransmission.

. In the third step, the 24-bit value in the high-speed counter 23



- O- The timng diagramof Fig. 4 shows the initiation of three ringarounds.
The first is a normal-polarity ringaround, with the output renaining high
in readiness for the reverse polarity or inverted phase of the second
ringaround. The second, reverse-polarity burst, |eaves the 5 out put | ow,
and the final burst is nornmal polarity. |In the preferred arrangenment, one"
nore burst identical to the last burst in the diagramis also transmtted,
and .t he sequencwoesmtssnues preferably a further 15 tines gi pcrnguédosia
ringarounds. The signals shown in Fig. 4 can be sunmarized as follows: 10
CE - Oscill ator Enable. Enables the transmt oscillator OSC. OSC -
Transmt Oscillator. This signal is a squar& gated wave of 50% duty cycle,

and has a frequenweﬁfstelelﬁs kéﬂé Hyntrieh(bn%ﬁe‘we#er% PIEDRCT A¥E the RmFliﬁwenCI es of
bet ween 40 kHz and .2 ner ¥t§H|table 15 OG

Cscillator Gate. fﬁg"eﬁ e’ %ﬁ cF" ﬂe r'sing edge of OE. and I s disabl ed
by a pul se counter oper%lf‘?‘ﬁéj &be F?fé\"ﬂﬁa PREGERS HF° 98E d1vriiéonsudEd I8 Uit er
conpares a count er highasree gimpr Qynist gpedcied fiohelpdreomhaetly. fety smeter 19,
The counter |i-mst ics1isadtidy F&abi; V\@ﬁe&ogl?a@medOSEo the meter GFt@dteEE MG rion .

Cscil l'ator Signal. . This iSeih€ rb@e§]:,qbgHJrn§,Et oPr %J&F@MQIJ af Akl QMDY

olarity reversal C|rCU|tr
Ilgol ari tg The sof ttaf&tc E{ﬁtvﬁhf‘ taér“'f) 89§B°e379"¥c9f & “gfr“fcﬁ'éc B s andot e

detected. Rather, a zero-crossing some fixed number of cycles (2 1/2)
into the burst is detected. In addition, there are phase.lags in the,

10 transducers 5,6 and other components in the detection chain. The numbe:
of timer counts corresponding to the electronic delay 1s fixed and known
for any particular meter configuration, and is stored in EEFROM 4. The

* ~difference between"the'loﬁg*ﬂTv1§1onﬂ?éSﬁ1ts,‘togethef“wfth“the*interscan
time, is used to calculate a flow for the scan period. This flow is then

15 added to an accumulated gas register for display and automated readout.

Gas usage may be accumulated in one of two registers, depending on
the time of day, so that off-peak billing may be performed if desired.

Gas temperature is measured by means of a thermistor (not
iltustrated) attached to one of the aerodynamic housings (53 or 54) and

20 connected to one of the inputs of operational ampiifier 32, and the
software applies a temperature correction to the flow derived for the
scan period.

Because the preferred embodiment is primarily intended for domestic
application using long 1ife 1ithium batteries, the conservation of

25 electrical energy is of critical importance and a number of steps have
been taken to reduce energy consumption.

Firstly, the 9.3804 MHz.clock signal for the high-speed timer is
generated digitally from a 4.9152 MHz osciliator in clock unit 18. The
high power requirement of a high-speed oscillator is thus reduced. This

30 conserves power'because the crystal, which sets the base oscillation
frequency, consumes the majority of the power in the clock circuit and by
operating the crystal at "half" speed, energy savings of 75%4 can be
achieved. -

Secondly, the liquid crystal display 7 is only activated when the

35 protective cover 59 is 1ifted and the Reed switch 8 actuvated, and the
software ensures that it remains activated for only a limited time in the
event that the cover 59 is propped open.



perlpheral registers 19 to signify that a polarity reversal of 25
the transmitted burst is required after the current ringaround. Thereafter,
the falling edge of OG causes POL‘to be asserted. |If POL is already

asserted, the falling edge of OG negates it. B Burst This is the
signal applied to the emtting 30 t ransducer . I S obtained
by XORi ng POL . G RB - Received Burst. This i nal .

obtai ned from g‘br ei ving transducer and applied to the Pf%z‘eqﬁéf"hﬁ

preanplifier 24. Afiltered version of this signal (nmade.available on |ine
22 of Fig. 3) is sent to a conparator on thg digital device I. 35 RCVP -

Recei ve Polarity. hljggrr}%t o{%ggvﬁtérrﬁpsm '?‘ﬁ 88’&? 8?6‘1”% Ses . Pto be

asserted. It is negat anges
recei ver polari tyC?"éH‘R@CM‘aﬁsebb’ﬁ'é 29|nﬁgamu<m9rates 3\0@@/‘@)‘0‘56‘9"9 of

PCT/ AU92/ 00314 - 10114seabddein Edtemt,r ansiyi dnipabayidcyivalR@lon chamges. vaThi s
signal represents ctdigniR@41dRd §apucontrol of a zero-crossing. detector 47,

i npl enent ed by .a conmpara rOV|d ut to the p al
regi ster 19 on SI i ne 1?0 'Itm "se tﬁé’"’o nrta‘f‘sof'per i° Qrg p sdth'ds tmg!e 22 on
the digital devi Céh%.]osed 1n Internatmnal Patent AppHcatlon No PCT/AU91/00157, enswiex

a low driving power for generating the ultrasonic signal.
Also, the technique of storing the gain value for the last scan
ensures that in most cases the binary chop method for determining the
e 10 required gain does not have to be used, and only a singie check
- ringaround need be performed at the start of a scan to confirm that the
- gain is correct.. .- Te

Finailly, the ALU 15 and 1ts assoc1ated components are in a

1ow—power haIted state “for most of “the time and are on\y woken bv an
15 interrupt from the external communications block, or by an interrupt from
the real-time clock requesting a scan.

Referring to Figs. 5 to 9, the meter 50 has a housing 61 preferably
formed of die cast zinc or aluminium, although other metals or plastics
material can be used. The tube 52 is formed integrally with the housing

20 61 seen in Figs. 8 and 9. A cover 62 is fixed to the housing 61 using a
number of fastening screws 63 seen in Fig. 6. A neoprene seal 71 tis
provided between the housing 61 and cover 62. A battery compartment
cover 64 is fixed to the housing 61 by fastening screws 65, seen in Figs.
5 and 9. .

25 The electronic components of Figs. 1, 2 and 3 are arranged on a
printed circuit board (PCB) 66, seen in Fig. 9 and wires 67 seen in Fig.
8 lead from the batteries 51 to the PCB 66, and wires 68 from the PCB 66

“#6 the” transducers 5 and 6 located within the tube 52.

The housing 61 is also’provided with a large number of fins 69

30 formed integrally therewith which assist in dissipating heat from the
meter 50. Because the meter 50 is intended for use in a variety of
climates worldwide, and the possibility of degfadation of operation
caused by excessive heat damaging the battery 51, it is important to
ensure that only moderate temperature rises occur within the housing G1.

[*V)
(34]

This is also assisted by painting the housing using a
white-coloured anti-graffiti type paint. This ensures that householders
are not able to paint the housing 61 to a colour of their own choice and
hence affect the heat dissipation of the meter 59. - -



BRR - Burst Received Rectified. This is the output of the precision
rectifier 27. ENV - Envel ope. This signal is obtained by filtering
BRR, and is delayed with respect to BRR because of the tine constants in 10
the filtering process. The horizontal dotted |ines indicate the detection
threshol d corresponding the voltage at the node of resistors 37 and 38. The
envel ope is applied to-the conparator 29. FB - Feedback. Wen ENV
passes the det & 936#W56hr eshol d it causes 15 - FBPaTroaumbe3igo a
low to high transition. The next signal transition of the recei ved burst. ..
signal RB of a polarity determ ned by RCVP asychronously initialises a

ri ngaround by triggering OE. The signal genmetator 21 includes circuitry for
the production of 20 tAsese®@Ein BEE. VG ahlSE, aPOlaraoaver B0 iagmwealpsoviddveatwignal s

Secusaa hst Fa PR B ARREl st ot MR N
u u ! u ?I?§ pf PE3te v for air 1rcu at1o ou t !
f4py %0 .

burst, and because Se the di'stance
bet ween the two traMsPRYCRY Baigtedly & hP%“Q%'d‘-"'sG‘bé't‘%ﬁ‘tel %HPFVaF‘(ﬁnger t han the
time taken to ploduce tAseseburstFig. Whee preferred prmdimemamakealusgab a fungt »
ul-trasonic bursts tiavek vabte dackPe@shtOhasaRQWol 436y BY $RGe (ihhe tenerd u@tpasound

)L s about, SIGAREh DAL L) R, of 4 bl v SEPEDLLY b

mlliseconds. Ld enera
tinmes the puI se pelal'Ha’t\Mﬁ'gW"g ftaq.nsétion whereas. the second burst comMences w th a
negative-going transition. Alternatively, the first and third burst may

our

10 commence with a negative-going transition This arrangement, which is
specifically disclosed in Australian Patent Application No. PK6894 lodged
25 June 1991 concurrently with the present appiication by the same

e applicants and entitled "Mode Suppression in Fluid Flow Measurement® the: st ss

disclosure of which is hereby incorporated by cross-reference, acts to
15 substantially reduce the propagation of high order acoustic modes within
the tube 52, those high order modes causing errors in the detection of
the receipt of an acoustic wave packet by the receiving transducer. Most
preferably, an inverted acoustic wave packet ts transmitted for evéry
three packets having like initial phase. The errors are caused by
20 multipath propagation of the acoustic wave packet in which the spréad of
the acoustic wave from the transducers 5 and 6 refiects off the walls of
the tube 52. Thereby, the high order modes propagate at velocities
substantially less than the basic¢ or primary mode for which detection is
required as it is the primary mode and its change in acoustic velocity
25 that is important in fluld flow measurements.
The preferred embodiment provides linear measurement over the range
0-7 cubic metres per hour at. a nominal accuracy of 0.1-0. 151 for a 12.5mm.
tube and better than £2% for the top 75% of the flow range
The foregoing describes only one embodiment of the present
30 invention and modifications, obvious to those skilled in the art, can be
made thereto without departing from the scope of the present invention.
For example, the optical interface.can be readily replaced by a
radio frequency or magnetic induction arrangement.
Also, for industrial standards, or custody transfer applications.
35 mains power, as opposed to battery operation, can be provided.
Also, for large mains lines, it is possible to locate the entire
meter within the line.



30 transm ssion frequence of 105 kHz, is about 30 microseconds. The tine
"of flight quoted here is for sound travelllng in stationary air and this

time of flight will vary in the preferred enbodi nent dependi ng upon the
velocity of fluid flow If the fluidis aliquid, the tinme of flight wll
be substantially shorter, due to the higher speed of sound in a 35 1iquid.

For exanpl e, @) 4és04880C" has an acoustic velocity general | ypdretuseessi4, 200
and 1,600 netres per second which is dependent upon the sallnlty of the

water and its t enperature. WO 93/ 00569
PCT/ AU92/ 00314 Also in Fig. 4, the arrows.-bgtween trace B and trace RB

indicate that the recgi\v %814%1,.[ s{hfl ﬁa&labéeﬁr?maaﬁdtytg%umednw Lhpigder

transm ssi on of the next s outli ne 0
descri bed in nore WP | Foaexagpie.¢if, the transucens Faue; ""W&teg ¢ thesequhgdl red to

ensure that the ukthvakohiacshinr ste meteeoDdidninereby art ity d&‘ifé'f“éf dhe colftieet | y.

The signal gener atspged 2t thaisbhp ap@idt etebet eemoB0 iankkdd 5&skting whiet nore
typically at 1G5 - dem Kidéds WeQdMGQ%@ p?! hyslicQly 9RR1dnaryt. ERuPULE e
typically three, Whl ‘éh 6(1S rﬂ?' Irealled a of the sﬁg tl?l?%%rhits\:&gcauwrb%quﬁjqer Th?

formof ‘this burst{® fiowh "Fh Y tinme thys signal
reaches the out puttedrre fe Fedceten ﬁ?j"PE)"raé%ﬁ?p?’idché?"dTﬂ y GUQ‘”tCB"'pFﬁSé %'’ t ed
frequency responsehofcdubie ctvedors tiudemates:. afil s6san jafl schdeperbepirdl taity. and a
substantial Iy sinugjRgal salinity measuring device (not shown) can also be used to
10 compensate the acoustic velocity of the water.
Also, the zero-crossing detector 47 of the digital device 1 can

| have its input offset minimised by alternating the polarity of the

transmit sequence such that if the first transmit for a ringaround is D ene e

positive, then the next r1ngaround sequence has a f1rst transmit wh1ch is
15 negative.
Industrial Applicability
The present invention is applicable to the measurement of fluid
fiow, especially gases.
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wavetra| n vyiéh 315 BRAR 2eyel ope as shown in Fig. 4 trace RB. Because of

¥ esonances™ ers, and filtering effects in the 15
el ectro- aCOLH mﬁ th, this envel ope increases rapidly in anplitude
and then taill |y ‘over a_nunher of The signal anplitude

at the output of the receiving det %Sgggﬁmﬂlggm 24 varies as a

function prina as flow ratig, terﬁgprl_abgne andildi rection of
transm ssi on ré’?él |’66569190 t he fl ow ibf=gars—20—r—add =i on, tT&’ %%f“lo?ldde of .

t he received signal can be |ncreased by changlng t he drlve node of the
emtting transducer froma single-ended drivg to a doubl e-ended drive. For
si ngl e-ended drive one side only of the transducer is driven while far
doubl e- ended drive“dH¥ end of the transducer is driven with the nornal
signal and the other silde AgnedirddvafndeRéctivigt thei tige [obgircik! obripl aspushtc wava
general, the anpli biker @farkhRtéLE€E \WerkiShgNateq@eit Ot a faemahicdidabadidgomeany

one, scan. S0 3 nurbey, of M0 f; B9 QUG b ratdAISTSS RIS De

performed to establis he r m ter dr|V|ng
node to give a con§?eéﬁ?r°ﬁn]5?ﬁtfﬁ’d%9 é‘td ?Hé‘" ?ge&'%pfﬁcﬂ"é S(‘JWB °5h

Thi s process i s ‘comRtvyedtrect 9l . tdatecsinbtwhen. éaildr\enﬂh@Dleng"PhICf%é% éé‘ele.ctfrﬁe e
timer 41 is tied tahea®ioftotiheredy @andvdbltie attectios iognakapsianch eapacator 40 i s

charged via resi stgredS&rEﬂ{ed aemnﬂynﬁﬁ@qe&lﬂmeﬁgml ctlnectkarﬁmb@%cmz WeRN zero
and 255. The vol ta rmﬁedqa‘peqc i tor

vol t age-control | ed. Aeéf: 'FETes mg Pe[?%zn%ile 'Tumgelg §° fyci]ess osfeﬁ?"‘
t hrough the syst emre%?h‘(fdt Hanalj glesyf Pﬂhﬁc#‘ébér‘iﬂéﬁ‘cyraég‘trl P\ee‘%:f"b‘ﬁ@i fig2iered
envel ope i s conpar ecbusticomvparekedr 29

2. A method as claimed in claim 1 wherein said predetermined
iy _:levnl is a zero crossing level of an.oscillatory. 519na1 o
o 3. A method as claimed in claim 1 wherein said wave packet as
transmitted comprises a predetermined plurality of cycles, and said
transition occurs during said predetermined plurality of cycles of said
received signal.

4. A method as claimed in claim 3 wherein said wave packet
comprises between 3 and 5 cycles when transmitted and said determinable
number of cycles is 2-1/2. :

5. A method of determining the flow velocity of a fluid, said
method comprising the steps of:

1)) transmittihg an acoustic wave packet from a first transducer
to a second transducer, both located in said fluid, and
starting a timer concurrently therewith;

(i1) detecting a time of arrival of said wave packet at said

““second transducer using a method as claimed in any one of
claims 1 to 4 in which said timer is stopped upon said
transition of said predetermined level;

(i1i) correcting a time value provided by said timer by a
predetermined period corresponding to said determinable
number of cycles; and '

(iv) wusing the corrected time value, separation distance of said
transducers, and known acoustic velocity in said fluid when stationary.
To determine said flow velocity.

6. A method as claimed in claim 5 wherein steps (i) and (ii) are
repeated a plurality of times in which said time value accumulates and is
subsequently corrected using a Tike plurality of.said predetermined

%* (4 L ‘M S * .



mwmth three reference voltage |evels. The first, and | owest volt;
WD 93/ 00569 (Gt i e

PCT/ AU92/ 00314 - 12 - reference voltage ETH obt ai ned between r H“M“ﬂruuﬂ \“\
and 38 which is normally used to eng , detectlo

voltage ELL is the |owest acceptabl ¢ Ne]l peak of the received
envel ope. obtajned froma poi nt bet nd 37, and the final
5 reference VBPMABE EHL i s the hi fhest=aceen : el oB‘ér’éH?}I’Q“?Ude

obt ai ned from between resistors 35 and 36. The AGC control voltage is
‘generated -by charging the capacitor 40 of the DAC for a nom nated nunber of
cl ock cycl es between zero and 255. The char%ﬁ ng current is controlled by
resistor 39. The PeOPgtndotietdeerestyd Wapaeivecrs werased peividinoty e

vol tage-control |l e w@Ctanplifier 25 and is held for the duration of the

recei ved pul se. Feedback i inok2as ¢ aieqainedlaby sbhdeen Kol fpFingfon QA 100
to the dl gl tal deVI I&% Je?r %:Psm{#ﬁ'lng }T'OX sereoaggcrgjgfcelanco sﬁ.]??ﬂ'e§ t)[an‘?éueconas eaCh

ref erence voltage PS
filter 28 (trace ENV) qs Atmedhadags %‘P&Eef’o‘r"y‘”la élthhﬁéwsf‘ﬁé‘q‘e‘gdbét‘:% line 12

undergoes-transit |Deﬁ<stosiﬂ_we0fomhg fidsBC)is imsigemdupbroghec t@ntinthncedt gddt hat  the -
received signal | @veletdrsindtiqbvdi O tHoWmnédigtel ) @focediMgivate bitRed.r ansition
sequence 0-1 indicat eSQ.t hatmettm:% assi &Q%edpﬁa&ain’? 8%9%% Tahﬁlected one oOr more

of the plurality of wave packets is transmitted having its phase_or

polarity inverted with respect to ‘the immediately adjacent wave packets.

10. A method as claimed in claim 9 wherein one inverted wave
packet is transmitted for every three having 1ike phase.

11. An electronic fluid flow meter comprising. first and second
transducers Tocatable within a fluid, transmitter means for energising
one of said transducers to cause emission of one or more acoustic wave
packets therefrom for reception by the other said transducer, control
means connected to said transmitter means for reversing the direction of
transmission of said acoustic wave packets, timer means connected for
enablement to said control means for measuring a time of flight of each
said acoustic wave packet, -said timer means being stopped by a trigger
signal output from a receiver means connected to said transducers, said
receiver means detecting an increasing envelope of a received signal and
upon the passing of predetermined threshold by said envelope, said
trigger signal is output upon the next transition across a predetermvned
Tevel by said received signal.

12. A meter as claimed in claim 11 wherein said next transition
represents a determinable number of cycles at a known frequency of a
received signal corfesponding to one said wave'bécket, after the réceipt
of said one wave packet, the value in said timer means being correctable
by a period of said determinable number of cycles to give the actual time
of each said wave packet.

Replaced

13. A meter as claimed in claim 12 further comprising a processing
means for averaging a plurality of said actual times, and using the
averaged actual time, the separation distance between said transducers
and the known acoustic velocity in said fluid when statfonary.
determining the flow velocity of said fluid.

1R D



measur enent reference level, but is still too low (Fig. 10B). A 20

“transition sequence of 0-1-0-1 indicates that-the received si hiaBh eplaced
has passed through all three reference |levels, and is therefor \gi r“‘
(Fig. 10D). This information is made available to the software

in aregisted in the peripheral regifptess and the software uses a

bi nary chop al gorithm of successivg e 25 regions in the
0 - 255 range WP BEESP bl e charging tji or Iﬁ"?’ﬁ”ﬁ'@h‘berge
on a satisfactory gain. If the final =S s il ly Iess than 50% of
t he maxi num possible, and if at the sane ti doubl e-ended drive is being
used for the emtting transducer, it is posSible that si nql e-ended drjve
coul d be used with a chhseueter 51219930 clam Loljgther jompiifing L AYEepYo

sof t ware goes t hr outghagk heamhfdrestgaing-RSet volnge prioeedeteeniopde bordd wit h

si ngl e-ended dri Vep.ocdQihiehieafd Yasel fupdhBiys BGei diMhs AP ok tausle t crruugh wiiehr ai sed

to a satisfactory laqgﬁlrl]ueiwg\la]?vrl]s_slgg?%led- ?\%9%‘31&1‘.{fv&afiﬂﬂmﬂcﬁ%?ﬂc‘&rtaﬁ’{du&‘éﬂarng.e time

of 255 clock cycl e¥, I'ng proceddre is repeated with
doubl e-ended dri velotthé€e a satisfactory 35 driving node and gain have been
establ i shed, the ROM s&%t wametestasr @sineeivecipbislil whert by saifdr@aidifrig*'¢equence
of neasurement rinNgarQYRdSirafdtdcerk SAd anitBsS0arabd pgekpts ot a fppedetdreiméxt scan.
WO 93/ 00569
40kH d 200kHz.

PCT/ AU92/ 00314 - 1§re9uency between z ar.1 2 . . .

16. A meter as claimed in claim 11 wherein said timer means

' operates at a clock rate substantially higher than a transmit freguency
of said wave packets. _
17. A meter as claimed in claim 15 wherein said predetermined

frequency is about 110kHz. ) . _ L
. 18. A meter as claimed in claim 16 wherein said clock rate is in
excess of 1MHz. . -

19. A meter as claimed in claim 18 wherein said clock rate is
about 9.4MHz.

20. A meter as claimed in claim .11 wherein said receiver means
includes gain adjustment means for automatically periodically adjusting 2
receiver gain to ensure that said predetermined threshold-is within said
increasing envelope. '

21. A meter as claimed in claim 14 further comprising interface
means permitting communication of data stored in said permanent storage
means to an external interrogation device.

22. A meter as claimed in claim 21 wherein said interface means
includes a two-way serial link.

23. A meter as claimed in c)aim 21 wherein said interface means
utiliZes coﬁhun%éat1ons afforded by emissions selected from the'group
consisting of infra-red light, radio frequency and magnetic induction.

24. A meter as claimed in claim 11 wherein said predetermined
level is a zero amplitude level and said next transition is detected
using a zero-crossing detector.

25. A meter as claimed in claim 1 further comprising a battery
power source supblying energy to said transmitter means, said control
means, said timer means, and said receiver means, said control means
periodically enabling operation of said meter for the transmission of
said wave packets.

e
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Still referring to Fig. 4, the burst B on the left hand side of the eﬂ%pﬁged
i ncl udes four risi ng pul ses. Accordingly, the received bur Bhis

commence with a rising pulse with the el apsed tinme between | m\mﬁ

the trace B and the first rise of the trace RB bei ng the t|

of the ultrasonic signal. As seen i Tf—l %SH %Eﬁgﬁ%vﬁg pe ENV cormences
rising vmth th sing envel ope df e use of
hi gh gai n, ev(éﬁ{g‘(;‘{’;({g@ducers 5 and 6 |pnsur BEHACED el ﬁ’ﬁ”ﬁg’ﬁ‘&%es
rapi dly such that detection may take prace as earlier described. Because
of this, the threshold detection in the rlsg of the 10 envelope is
-conS|stentIy predi ctable and the next zero-Crossi 9 of the received burst
RB is used to trigger the % PEREER<dPURIIP DhlE reverelnrsetd b Y i hat el y
for the stopping ofouttterrevisas @rsepBicer! ife petseidrmefert betpgroomeiangleyght agarseen
~fromFig. 4, the valuercounéd dyciatnde 16URNET whdrArda s Pones tted deke time

of flight pI us tmoﬁ.&fjcsaa Bﬁjlr;h@)sgf Ikt hﬂ@spaagetg he alrangatr&ﬁness%t;enéer ﬂﬂuency

mul tiplied by the [ ngaroun cause

el ectronic circui t‘?‘)}cn aFteEoeﬁ%rtya Sarvfe@g'beﬁﬁltﬁ %/’5 etd\/\}baxé'l?dﬁa‘ H':ET%
oscillations nultiYve #acksy s Haanrihises °6f°DPq5h§ar‘0m§%1 PR HRYebY| ect ronic
del ay can be presentstantihity tedeciROlrbrs ciisied bg dhes peapbgatsondefdbighidoliee from
the tinme measured idduGQURbes b%%:e‘%‘%ﬁ'tocalaﬁkﬂu@érk ng the time 20 of flight. In

T o o oy, one 1 292! PO, LI Sl 1h i S04 Riher SohISLARI ARG The
electronic delay is general of* the 5 of ‘Hanosecon time of
flight will be of ‘f’ﬁe°roF'H8‘|‘9hd1" @‘ Sa‘PnfllFtdsb‘cWﬂh“ed to flow and within which

components of said meter are locatable.

=

29. A meter as claimed in claim 2B wherein said housing comprises
a plurality of fins and an external surface thereof thereby- facxlttattng ‘
amelioration of temperature rises within said housing.

30. A meter as claimed in claim 28 in which said housing comprises
a cover incorporating a foldable section said cover permitting access to
said battery power source and said foldable section permitting manual
access to an interface port adapted for communications between said meter
and an external device.

31. A meter as claimed in ¢laim 30 wherein said foldable section
permits access to a display means energised for operation upon opening of
said foldable section, said meter being configured for the display of
operational data using said display means.

32. A meter as claimed in claim 11 further comprising thermal
compensation means configured to compensate for thermal drift in
operation of said meter.

33. A meter as clatmed in claim 32 wherein said thermal
compensation means comprtses a thermal transducer located in said fluid
and permitting compensation of errors caused by changes in fluid
temperature. _

_ 34. A meter as claimed in claim 32 wherein said thermal
compensation means comprises a thermal transducer located in a housing
enclosing said meter and permitting compensation of errors caused by
changes in temperature within said housing.

* [ L M s *



25 i,’x The central problemin accurately timng the arrival of the burst
is*to pick a point which can be consistently identified despite relative
novenment between the burst envel ope and its constituent sinusiodal - waves.
The preferred nmethod described herein is to select a particular
zero-crossing point in the early part of the received wavetrain, 30
corresponding to when the pulse is driven rather than resonating, and to
use this zero- i point as the timng marker. It is to
performthe déﬁ%g?ﬁ%ﬁgin the driven part. of .t he mavefornllgﬁﬁggﬁ%ﬁ%4
frequency and phase of this portion is |ocked to the transmtted waveform
The | ater part of the waveformis the result of resonances. 35 and nay not
accurately reflect the frequency of theggoriginal ultrasonic burst. To
acconplish this detection, the received signal is rectified WO 93/ 00569
PCT/ AU92/ 00314 - 14 - (trace BRR) in the unit 27 and filtered in unit 28 to’
recover the envel ope apesis shown in Fig. 4 trace ENV. T rising portion
of the filtered envel I's conpared in conparator 29°w arTefgrence
vol t age obt.ai ned|a hg node between resistors 37 and 38. en-jt he envel ope
EMV 5 reaches {he reference voltage, the zero-crossing detectlof 47 in the.

~
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.
nmore than two cycles of the chosen ultrasonic frequency), and the next
transition of a digitised derivative formof the unfiltered received signal
RB on the line 11 corresponding to the next zero crossing of RB 10 is
used as the timng reference point to register the arrival of the burst. To
achi eve useful results, the reference voltage nust be a fixed proportion of
t he peak -anplitude of the received envel ope emanating fromfilter 28, as

i ndicated by thO&weased |ine in Fig. 4 trace ENV. Returni et uskhegsi4 .
commencenent of a ringaround sequence, the ROM 15 software initialises a
counter which will term nate at the required nunber of ringarounds, and
then causes the ringaround sequence to Fmence by witing a code to a
control register in peripheral register®™bank 19 fromwhere it passes to
control unit 22. The witing of this comrencenent code also starts the

hi gh- speed counter 23, running at 20 9.3804 MHz., Fipally, the ROM 16
software executes a WAIT instruction. The contral lupijft 22 commences a

sequence of everts which is largely automated. Iin|thils nDdeVQ&Qe'detectioﬁ
of a specific zgqro crossing of an arriving-ultfasonic E;;k’at t he receiver
transducer (5 orj 6) causes an i Mmedi ate regtyangm ssi on..~The| next signal
transition of RB on line 11 25 which js of pol afity '
asynchronously tjriggers a retransm ssion. signgal 12 awakens
~the ALU 15 from|lits WAIT state. Ypgon {he 3 he ALU 15, the ROV
software updateq its ringaround co and C ether the limt has been
approached. |f tlhe ryngarou count has re¢ached—ome—Tognt | gss than its
predetermned lijmt,|the 30 goftware pul li|fie mrencepent code
originally wittlentio gr ol EREA&Q' \ 9
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unit 22, thus breaking the retransm ssion |oop and term nating the sequence
after the next ringaround. The software then resets the flag bit which
caused the wakeup, and another WAIT instruction is executed. This software
activity all occurs during the tinme-of-flight of the 35 acoustic signal

.al ong the tube 52,independently of the automated proces- of detection and
retransmssion. In the third step, the 24-bit value in the high-speed
counter 23 VOV D&/ 696696 9 - - PCT/AU92/00314

PCT/ AU92/ 00314 - 15 - register is read by the ROM software and placed into
the RAM 17 for future use in the flow calculations. Finally, the software
perfornms two | ong divisions, dividing the high-speed tiner counts,
corrected for electronic delay, into a mager 5 calibration factor,
preprogranmed into the neter after testing and prior to use. As earlier
descri bed, nost of the electronic delay arises fromthe fact that the
arrival of the front of the ultrasonic burst_cannot. be detected. Rather, .
a zero-crossing sone fixed nanber of cycles (2 {L/2) into the burst is
detected. In addition, theye are phasg&}aﬁf +pl the. 10 transducers 5,6
and ot her conponents-in thé¢ detection chain.|.[The nunber of tinmer counts
corresponding to the el gctronic delay 1S Tixed| and Known fjor any particular
meter configuration, and is siZereddn HEPROM| 4 Th%z9
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di fference between the long division results together with the interscan
tkme is used to calculate a flow for the scan period. This flowis then
15 added to an accunul ated gas register for display and autonmated readout.
Gas usage may be accunul ated in one of two registers, depending on the tine
of day, so that off-peak billing may be perforned if desired. Gas
tenperature i s neasured by neans of a thermstor (not ill ~attached
to one of theW2P®8Mani ¢ housings (53 or 54) and 20 connggﬁégkﬁg&%ﬁe of
the inputs of operational anplifier 3 and the software applies a .
tenperature correction to the flow derived for the scan period. Because the
preferred enbodi nent i prﬂnarilw inFende for donmesgic application using
long life lithiumdbatgeries, the;conEerv ion ofl 25 \electrical; energy is
of critical inportiancesand a hunber lof steps have been taken tq reduce
energy consunption. Fifsity,—the 973804 clock sgnal for tHe high-speed
timer is generated dightally—from aj. i tor in clijock unit 18.
The hi gh power redquir t a hi i $ thus rjeduced.

This 30 conserveyg power | becapse se

-

oscillation frequgncyf consunes_tl ' e cl ock :
circuit and by o ) e Cryg STgy savings of 75%
can be achi eved. Sec¢ondly,|the |ijqui i is only activated
when the 35 protective coper |59 |i i itch 8jactuated,
and the software ensurgs thatijit. i i : ronlly alimted tine

in the | _ l
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event that the cover 59 is propped open. WO 93/ 00569

PCT/ AU92/ 00314 - 16 - Thirdly, the external communications circuitry in the
comuni cations block 20 nornally operates in a polling node of 1
mllisecond in 500 nms, and is only fully activated on receipt of valid
comuni cations input. 5 Fourthly, the use of |owQ transducers 5
and 6, such as those disclosed in International Patent Application No. '
PCT/ AU91/ 00157 Wep¥onseés a | ow driving power for generating pdigauthigfigoni C
signal . Also, the technique of storing the gain value for the |ast scan
ensures that in nost cases the binary chop nethod for determning the 10
requi red gain does not have to be used, &)@ only a single- check ringaround
need be performed at the start of a scan to confirmthat the gain is

correct. Finally, the AL FCE T e C1 al €d COon ts are in a
| ow- power halted state f : e y woken by an 15
interrupt fromthe exterjpal commmmiEsE=ERs bl ock, or Anterrupt from

the real -tinme clock requ sflﬁg a scan. Referring to Fijger 5 to 9, the neter
50 has a housing 61 prefgrably fornedfor OL?;?&S[Z Mg Jor al um ni um

al t hough ot her netal s or{plastics

b B
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material can be used. The tube 52 is forned integrally wth the housing 20
61 seen in Figs. 8 and 9. A cover 62 is fixed to the housing 61.using a
nunber of fastening screws 63 seen in Fig. 6. A neoprene seal 71 is

provi ded between the housing 61 and cover 62. A battery conpartrent cover
64 is fixed to the housing 61 by fastening screws 65, seen in Figs. 5 and
9. 25 The el ectronic conponents of Figs. 1, 2 and 3 are arranged on
a printed cir Gy ard (PCB) 66, seen in Fig..9 and wire n Fi.g.
8 lead fromthe % @gerles 51 to the PCB 66, and wires 68 ?¥§Z¢?ﬁgﬁ%%8 66 Lo
the transducers 5 and 6 located within the tube 52. The housing 61 is al so
provided with a | arge nunber of finseg% 30 fornmed integrally therewith

whi ch assist in dissipating heat from'the nmeter 50. Because the neter 50 is

intended for use in a variety of clim e, the possibility of
degradation of operation caused b? £XC T EQBﬁﬁglng the battery 51,
't is inportant to ensure that only : ratupge rises occur wthi.n

t he housing 61 35 nting the housing

using a white-coloured anti-gfaffjxi kpﬂx_}:’ M & ensges that ..
househol ders are not able pai t helhRusFng g7t ofa col our of t heir own
choi ce and hence affect th } n o retee 50. WO

93/ 00569 ' '

PCT/ AU92/ 00314
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- 17 - As seen in Figs. 5,7 and 8, a solar cover 70 can be provi ded about
the housing 61 to augnent rejection of direct solar radiation. The cover 71
shoul d be perforated to allow for -air circulation about the fins 69 and may
be painted by a househol der to inprove appearance. 5 As seen in
Fig. 4, the preferred enbodi nent nakes use of a burst [err] acoustic wave
packet that -has u?§ngzﬂity or phase inverted with resper[err] to adjacent
packets. In Fig. 4,7t ¥ first and third bursts conmence with a '
positive-going transition wheréas, the second burst comenceBCHAUMR/e0314
negative-going transition.. Aternatively, the first and third burst. may 10
commence with a negative-going transitiod/¥his arrangenent, which is :
specifically disclosegyin Australian Patent Applicatiqp No. PK6894 | odged
25 June 1991 concurrem | y—withtae=pr esent applicatio by} he sane
applicants and entitl ec vhoe—E Bssion in Fluid Fl ow surenment” the

i S S

di scl osure of which is_h rated by = ,qacts to 15
substantially reduce thg prop of high grder agousyi es within
t he tube 52, those hig Firder nndeé’bausing efrors im-t ection of the
. . . Vd
recei pt of an acoustid jpave p y the r&y IV ra . Most
preferably, an invertagdfjacousfic 'waMe packet\js trarngm for every three
packet s havi ng Iiﬁg i i al phase.; flhe errorsfare cglis Oyrul t mpat h
propagation of thg’acpygtic t in wh spri oY he oustic
wave fromthe traﬁkﬁg érs 5 gnd b Jrjefrects offf Lhe" the tubge52
Thereby, the high o nodes p e at vdlociti tiéUlyQDess
than the basic or i ch dey ctt > , E:
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required as it is the primary node and its change in acoustic velocity 25
thit is inportant in fluid flow nmeasurenents. The preferred enbodi nent

provi des |inear neasurenent over the range 0-7 cubic netres per hour at a
nom nal accuracy of 0.1-0.15%for a 12.5mm tube and better than 2% for the
top 75% of the flow range. The foregoi ng descri bes only one enbodi nent of
the present 30 invention and nodifications, obvious to those skilled in the
art, can be.nmew@oid/tiseet o W t hout departg Pg fromthe scope mfi/AUse/opsiesent
i nventiron For exanple, the optical int efface can be readily replaced by a
radi o frequency or magnetic induction arrangenent. Al so, for industrial
standards, or custody transfer applications. 35 nmins power, as opposed to
battery operation, can be provided. Also, for large mains lines, it is
possible.to |locate the entise- - F Wt ki B +he-| Fne.— - ~WD-93/-00569 - -

PCT/ AU92/ 00314 - 18 - | n &ddi ti*om, —the T anSddc&rS h&ed N6t b€ nounted wth
a pipe or conduit. For ex@nple, if the transducers were nounted on the
exterior of a hull of a sRip, EJ:}.E;, meter woul d thereby act to determ ne the
relative speed ofidhe/EOHR t houghwater~ ~Thi s= =nel uti Rg
water 5 current speeds whewwhe ship i sically stationary. SucC
current =

FB

EHL

e mT e e e m e m e e ——— e




speeUs .add to the real speed of the ship. The therm can be used to
2asure the sea water tenperature and accordi ngly al
wacoustic velocity in water. This can al so depend on
separate salinity measuring device (not shown) can al
conpensate the acoustic velocity of the water. Al so,
detector 47 of the digital device 1 can have its input offset T Froe by
alternating the polarity of the transm.tyssequence such that if the first
transmt for a ringaround is positive, then the next ringaround sequence

has a first. transmt which is 15 negative. Industrial Applicability The

present invention is appli r uid flow,
especi al l y gases. - 19Aﬁgi~§mgﬁﬁ‘iﬁﬁw1}4ﬁ7§ﬁl on are as follows:
1. A nethod of detecting the tine of arrival of an acoustic wave packet
transmtted at a.particular frequency, said nethod conprising the steps of
det ect i NnABSTRAEYe packet and forming a recéived signal therefrom
rectifying and filtering the received signal to forman envel ope signal,
detecting when said envel ope signhal crosses a detection threshold to
t her eby -anpdlectrdntiefldidt fiow ntsteroSOR st disulesed imdrichaincindes an h8Edigital devived(1),evel
by said received signal, the transition across said predeterm ned

and an LSI analogue device (2). The digital device (1) drives a pair o f acoustic transducers

(5, 6) to transmit acoustic waves within a fluid, the flow of which is being measured. The
acoustlc waves are recelved within the analogue device (2), the moment of arrival being
determmed by envelope detection asSociated Wlfh the phase of the recelved s1gha1 The -

reception of a signal stops a counter (23) within the digital device (1), the value in the
counter (23) representing the time of flight of the acoustic signals within the fluid. Fluid
flow data can be stored on an EEPROM (4) from which, meter dgt_:a can be read using a
liquid crystal display (7) or via an interface port (3) to an external device.

Fig. 1 | |



| evel representing a determ nabl e nunber of cycles of
at said particular frequency after the arrival of saidjjacous

packet. 2. A nmethod as clained in claiml, wherein sa (bd@éﬂdftmng@d
L L, I TN
€

| evel is a zero crossing level of an oscillatory signas
claimed in claim1 or 2, wherein said det@gction threshold lies
maxi mum and m ni mum predeterm ned desired values at or near a peak
anplitude of said envel ope signal. 4. A nmethod as clainmed in claiml, 2
or 3, wher etmansission®{ highoerdei achistic modes, which propugats aSspaedy lodet eiafi thed
plurality of cycles, and said transition occurs during said predeterm ned
plurality oprimacy esvefpacket.ccaus piteréentegrith sucseedingrsigmal$odThisscaplledded i n
claim4, wherein said wave packet conprises between 3 and 5 cycl es when
transm t t ed fHHIEr £87085.det er m nabl e nunber of cycles is 2- 1/2. 6. A nethod
- of determining the flow velocity of a fluid, —said nethod conprising the
~steps of: (i) transmitting an a§quwég§lﬁm froma first transducer

to a second trapnsduce Q | gcated in.said fl.ui and starting a tinme
concurrent 1y nirp et pF the e@ef vgrhistlo psieybrale ofb By B bishihafiipes'S
packet at s 'dqﬁ&c d transducer using a nethod as clainmed in any one of
clains 1 to n I'ch said tiner is stopped upon said transition of said

predet erm ned | @yebrdidg to 8ne¢a‘§?6&%? tiROprasent TvenRdd hefd E?ﬂr@ﬁlﬂecpx nRfhéll 61; mer

by a predetermni ned period corfesponding to said deterninabl e nunber o
cycl es; anddétedtingthetiiné Sfar¢ival 6Cireatboubtiewiv pieketIRMmittddORt adpaztiulee Of

sai d transducers, and known acoustic velocity in said fluid en

st ati onary, flequeteyesaid neetisei cbmiprising the stdps pf detecting the wave packet and forming
a received signal therefrom, ‘rectifying and filtering the received sign_él to form an
envelope signal, detecting when said envelope signal crosses a detection threshold to
thereby enable the detection of a transition across a predetermined level by said
received signal, the transition across said predetermined level representing a.
determinable number of cycles of said received signal at said particular frequency after
the arrival of _said acoustic wave packet. |

According to another aspect of the present invention there is provided an

electronic fluid flow meter comprising first and second transducers locatable within a |
fluid, transmitter means for energising one of said transducers to cause emission of one
or more acoustic wave packets therefrom for reception by the other said transducer,
control means connected to said transmitter means for reversing the direction of
transmission of said acoustic wave packets, timer means connected for enablement to
said control means for measuring a time of flight of each said acoustic wave packet,
said timer means being stopped by a trigger signal output from a receiver means
connected to said transducers, said receiver means detecting an increasing envelope of a
received signal and upon the passing of predetermined threshold by said envelope, said
trigger signal being output upon the next .trahsition across a predetermined level by said
received signal,' said ne)-:t transition being a determinable number of cycles, at a knoWn

frequency, after receipt of one said wave packet.



7. A nmethod as clainmed in claim®6, wherein steps (i -] ==
repeated a plurality of times in which said tinme val u¢ RERLACEMENT SHEAT |
subsequent |y corrected using a like plurality of said]|predeterm 3@3
periods, and the corrected tine value is averaged by iDMdnnb”ﬁée .h
plurality. 8. A method as clainmed in cl2am 7, wherei
al so conprises transmtting fromsaid second transducer to said first
transducer. -20 - 9. A method as clainmed in claim?7 or 8, wherein the
transm ssi on of Generally, paeleeted anaoe niare of e gluratity, off acoustit wapedt padkesds t he
transition of said predetermined level by the inmmediately preceding wave
packet. 10. tansmittedchayingcithphasel or polerity imvexteduwith sespeet te dinmedintely adjacentnor e
of the plurality of wave packets is transmtted having its_phase or .

pol arity i nweavedacksts., Thisssybstantiaily; reducestheetiacts of nrapagating highyerden agaustic

11. A met hod cl.ai.ned i.n cl.gi 0, whergin one.inverted waye packet is

L ansr et oo TS SRS it il s fererir g afi M oF ¥ iie hackets BO8 C8HS 11 ow
meter conprising.f il {.r ansducers | ocatable within a fluid,
transnittere%%@%gI@%ﬁ&%ﬁgﬁgégﬁggggééﬁof said transducers to cause eni ssion
of one or nore acoustic wave packets therefromfor reception by the other
sai d transducer, control neans connected to said transmtter neans for
reversing the direction of transm ssion of said acoustic wave packets,

ti mer neans connected for enablenent to said control neans for neasuring a -
time of flight of each said acoustic




wave packet, said tiner means bei ng stopped-by a trigge RFS'F\% E“g%'t\!btiﬁ"‘f‘ro

a receiver neans connected to said transducers, said re ebME" 'nﬁaﬂ@{;

detecting an increasing envel ope of a received signal aid-tdpon {He héfSSI ‘n
of predeterm ned threshold by said envelope, said trigger signal being '
out put upon the next transition across apredetermned |evel by said

rec?al ved si gnEI sa}d next transition being a determ nabl e nunber of

cycles, at a known frequency, ;after receipt of one said wave packet.. 13. A
neter as cI'ﬂiW&W&ﬂ@%@mznV%’@ﬂéﬁa%& 18%87 edet er mi ned t hr eghol dlies

bet ween maxi mum and mi ni mum predeterm ned desired values at or near a peak

anplitude of said en eI o ehinas 3,

wherein the val ug 04 Pﬁé?te?fg’%ﬁé gfarng{(': I r&ﬁ&lﬁh erl J%E % aid.

det er ni nabl teamnnﬁmt atod paylcmas fmquglcyesandlmeﬁmdw&mpﬂﬁm té Steps gﬁéet@ﬁtmatbﬁ

sai d wave né ;( a?&eﬁl&&‘k%ﬁﬁtﬁ&eﬁbﬁi Reckifying taaaffﬁterﬁgml sing a
or - averag| r t

processi ng nea ng a plu of . said actpal time nd usin
the aver ageigceived gignal; teform ga eqxs) ﬂPeaflgB?’l tg‘it‘é’ﬁc W@%‘W gﬁrsoéfﬁf’er g
and the kn té&idiﬁhté‘sh&lﬂ' t@Qhér)tby Bngbid dlefdetwdombﬁmnahﬁhommss adet erm ni ng

Fur t her - conppieiPaaed BeF i stk Terebyed silE o altols dolly Brcdbfiiibea, | o

det er mi nabllevéiwepmsdumgcmw&nmgabiemmbﬂaefe@clep@iﬁsﬁﬂy'm%ﬂd signabatsaids of a
Ut U oy bl lddl LHbf 91 R o bR ABIABKY 2N |1 WA o sai d

transducer

meter as, | ai.m 16. [
conpri sing i nt er?aceArnethad B%FM?quC%‘%LM H‘%ﬁ?‘l%ﬁf rﬁ’f“é(‘hg‘ﬁger lsl"n sai d
per manent Sié%%ﬁ%sﬁﬁéléﬁelfdfaﬁ@sﬁnﬁ@fﬁﬁhnﬂm errogation devi ce.
3. A method as claimed in claim 1 or 2, wherein said detection threshold lies

between maximum and minimum predetermined desired values at or near a peak
amplitude of said envelope signal.

4. A method as claimed in claim 1, 2 or 3, wherein said wave packet as
transmitted comprises a predetermined plurality of cycles, and said transition occurs
during said predetermined plurality of cycles of said received signal. .

5. A method as claimed in claim 4, wherein said wave packet comprises
between 3 and 5 cycles when transmitted and said determinable number of cycles is 2-
172.

6. A method of determining the flow velocity of a fluid, said method
comprising the steps of:

(i) transmitting an acoustlc wave packet from a first transducer to a second
transducer, both located in said fluid, and starting a timer concurrently therewith;

(i) detecting a time of arrival of said wave packet at said second transducer
using a method as claimed in any one of claims 1 to 5 in which said timer is stopped
upon said transition of said predetermined level; :

(iii) correcting a time value provided by said timer by a predetermmed period
corresponding to said determinable mimber of cycles; and

(iv) using the corrected time value, separation distance of said transducers, and
known acoustic velocity in said fluid when stationary, to determine said flow velocity.

7. A method as claimed in claim 6, wherein steps (i) and (ii) are repeated a
plurality of times in which said time value accumulates and is subsequently corrected
using a like plurality of said predetermined periods, and the corrected time value is
averaged by dividing by said plurality.

8. A method as claimed in claim 7, wherein said repetition also comprises
transmitting from said second transducer to said first transducer.

* ¢ L ¥ s *
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- 21 - 18. A neter as clained in claim17, wherein sai ¢ -
includes a two way serial link. 19. A neter as clai ned | RERUAGENEN
wherein said interface neans utilizes comuni cations a ford-aﬂ lngg '
sel ected fromthe group consisting of infra-red light, ||r@e#d ey )
magnetic induction. 20. A neter as clainedgpi-n any one rms 12 to 21,
wherein said transducers are ultrasonic transducers and emt said wave

packets at a predeterm ne requency, between 40kHz and 200kHz., 21.. A neter

as clained in cl g“f?m 2g1m‘?)§ﬁ‘¥iéﬁ a’é%ﬁddnp‘}f"é’a‘e ‘é’??ﬁwgéeﬁ“r‘gﬁﬁ@ﬁgﬁ}ls?‘gn%&ﬁ’avflo

kHz. 22. A rpacket, ssvecfon theefirst, s dnzyigaed updn Hearamsitibl of aill preddternrned kaelby

ti mer neans era bstantially higher than a transmt
TR piBlfg oiRhinRl

frequency of Sald . Aneter as claimed in claim22, wherein
said clock rate i¥.i nAsnathedsasglaimadzn clim 9, wherein azsslegtedione @rimore| of the23,
wherein sai g:lﬁxla‘ﬁ of Whe packeRqY tralsritdl haviRg it philcer pbarity #vERRd iwitany one

of clains 1Z to 24, where receiver {J{aans I ncl udes gai n adj ust nent

, in_saidg.
means for alfFiﬂ?ﬁff%@?lwgﬁtéﬁPgﬁF?r§%F@§ a receiver gain to ensure
that said predet eilni nedndthsdasclhithedsinwiditni 10, sdhiecein one émveitad wane phekeeis 26. A

meter as cl %J}Eﬂuﬂt&l ﬁ?%v@r@ethfge lﬁbﬁ{grfﬁce]ﬁm&eq 25, wherein said

| 12. An electronic fluid flow meter comprising first and second transducers
locatable within a fluid, transmitter means for energising one of said transducers to
cause emission of one or more acoustic wave packets therefrom for reception by the
other said transducer, control means connected to said transmitter means for reversing
the direction of transmission of said acoustic wave packets, timer means connected for
enablement to said control means for measuring a time of flight of each said acoustic
wave packet, said timer means being stopped by a trigger signal output from a receiver
means connected to said transducers, said receiver means detecting an increasing
envelope of a received signal and upon the passing of predetermined threshold by said
envelope, said trigger signal being output upon the next transition across a
predetermined level by said received signal, said next transition being a determinable
number of cycles, at a known frequency, after receipt of one said wave packet..

 13. A meter as claimed in claim 12, wherein said predetermined threshold lies

between maximum and minimum predetermined desired values at or near a peak
amplitude of said envelope.

14. A meter as claimed in claim 12 or 13, wherein the value in said timer
means is correctable by a period of said determinable number of cycles to give the
actual time of flight of each said wave packet.

15. A meter as claimed in claim 14, further comprising a processing means for
averaging a plurality of said actual times, and using the averaged actual time, the
separation distance between said transducers and the known acoustic velocity in said
fluid when stationary, determining the flow velocity of said fluid.

16. A meter as claimed in claim 15, further comprising a permanent storage
means for storing flow volume values determinable by said processing means based
upon physical dimensions of a duct through which said fluid flows at said flow velocity
and in which said transducers are located. |

17. A meter as claimed in claim 16, further comprising interface means
permitting communication of data stored in said permanent storage means to an external

.........

interrogation device.

B




predeterm ned level is a zero anplitude | evel and said next
detected using a zero-crossing detector. 27. A neter as '
of clainms 12 to 26, further conprising a battery power
energy to said transmtter means, said control nmeans, salch.td.Nef TE
sai d receiver nmeans, said control neans periodically enabling—ap 2

said neter for the transnission of sai d wave packets. 28. A neter as
claimed in claimZ27, erein sajd battery r .sour.ce ovi des a service
life of said met efg befVBRIRT Bhelamed iB; &7) Shereis gaid Antebace means inchidesa |
claim 27 or @&-whysédiarlinkonpri sing a hou5| ng via or through which said
fluid is permttegyto,f . are
| ocat abl eIO 30. A irjr%t elf“ Ile{(g’s{gfc al neftdqh%qm W%rc%r?@h%a m%?%gﬁgﬁh
conpri ses a yilizes comupicatippsatiorded hy emissionsiselected fiom thecaroun cmrmn@apf

facilitati ngnﬁgerleaq{gﬁg |rgmocﬁ-edugﬁ&§e£ﬁﬁ5®eﬁbmcﬁbﬁ hin said hou5| ng. 31. A
nmeter as clainmed i‘? l'aim 2 ci I n_Whi CP al di] in conprises a cover
i ncorporating a f da‘ﬁl‘%et%re?ﬁ‘? W%PWWEP Bé?‘rﬂ?% g P RRIEm sai d
battery -triRducepe weer ulgrasonte tramdusers dnd einitashidewavecpackets jaea prédetenminsdnual

access to a%@egéagg&eg‘gﬁbkaggﬂéggow conmuni cati ons between said neter

and an exter as claimed in claim 31, wherein said

fol dabl e secti on Jer ni\tnaetexascelaimed m%mmﬂ(hwhmsaldm@lquoﬁemsam on
upon .openi Nt $Poidis ol dabl e secti on,

22. A meter as claimed in any one of claims 12 to 16, wherein said timer
means operates at a clock rate substantially higher than a transmit frequency of said
wave packets. :

23. A meter as clalmed in claim 22, wherein said clock rate is in excess of

1MHz. :
24. A meter as claimed in claim 23, wherein said clock rate is about 9.4MHz.
25. A meter as claimed in any one of claims 12 to 24, wherein said receiver
means includes gain adjustment means for automatically periodically adjusting a
receiver gain to ensure that said predetermined threshold is within said increasing
énvelope.

26. A meter as claimed in any one of claims 12 to 25, wherein said
predetermined level is a zero amplitude level and said next transition is detected using a
zero-crossing detector.

27. A meter as claimed in any one of claims 12 to 26, further comprising a
battery power source supplying energy to said transmitter means, said control means,
said timer meaﬂs, and said receiver means, said control means periodically enabling
operation of said meter for the transmission of said wave packets.

28. A meter as claimed in claim 27, wherein said battery power source
provides a service life of said meter between one and eight years.

29. A meter as claimed in claim 27 or 28, further comprising a housing via or
through which said fluid is permitted to flow and within which components of said
meter are locatable.

30. A meter as claimed in claim 29, wherein said housing comprises a
plurality of fins and an external surface thereof thereby facilitating amelioration of
temperature rises within said housing.

31. A meter as claimed in claim 29 or 30, in which said housing comprises a
cover incorporating a foldable section said cover permitting access to said battery

N 0
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said neter being configured for the display of operatj

dat-a—gsFFro-sal d

di splay neans. 33. A neter as clained in any one of ¢ %éﬂA&MENB%H ET

wherein said transmtter nmeans outputs a plurality of {isaid vg\(‘tepgecm?s
XN (

a ringaround sequence in which after every three wave|pggkei®. SHi-tte
havi ng |i ke phase, a wave packet is tran2i-tted of oppestte—Frverted

phase, thereby substantially reducing errors caused by the propagati on of
hi gh order acousti c nodes tween sai d trapsducers. 34. A neter. as clai nmed
Ty oneP ek ey A% RSLASIE fod o beryiRE HRRIA ariéts oL Rt

y
means conf adaptastifor coounpecatione bboveeniseidmastedand an ¢xterapkdaticeon of sai d
meter. 35. A meggr %nﬁk&'a%ﬂaﬂn@%% élhffh%i‘;w ffdaig Rotighid E@c‘iiﬁﬁg).egn%tf :
conpensation nmeans conprises a thernal transducer Tocated | n sadi uid and
per mi t t i ng2RSEHpENE display mBeans eperedsed 405 epFrayon-¥RARRPSIING of|saidfoldablsetestion.e.
36. A net egai@sneierebeiRgl cbxﬁfcljgﬂréd fordfie dWPRIyIfdpeAtiOndl Rt Wing SR ARpRE ON means.
conprises a thermal transducer |ocated In a housing enclosing said neter
and per ni t A% conpensation of errors caused by changes in tenperature
within said hou88ngA fiéter As chiimed ars amy enenaf claimsrl 2200320 weheodin shidi transitéro 36

and no. ror EoPAEs PR Y ity 6F o SN e i HBEOR SgubRth YHIEREREYC! €S
det er ni nabevery ihrse waye papksts trapsmitigd hayiag dike phases aWavegacket is transmitted of

opposite, inverted phase, thereby substantially reducing errors caused by the

propagation of high order acoustic modes between said transducers.

34. A meter as claimed in any one of claims 12 to 33, further comprising
thermal compensation mearis configured to compensate for thermal drift in operation of
said meter.
' _ 35. A meter as claimed in claim 34, wherein said thermal compensation means
comprises a thermal transducer located in said fluid and permitting compensation of

errors caused by changes in fluid temperature. _

36. A meter as claimed in claim 34, wherein said thermal compensation means
comprises a thérmal transducer located in a housing enclosing said meter and permitting
compensation of errors caused by changes in temperature within said housing.

37. A meter as claims ed in any one of claims 12 to 36 wherein said wave
packet, when transmitted, comprises at least three cycles and no more than five cycles,
at said known frequency, and said determinable number of cycles is two and one half
cycles.

* [ L M S * _



