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invention relates to a measurement, system and more ., particularly to a
system for measuring the speed of fluid to allow flow rate to be determined
using transducers. One system disclosed in our copending patent application
(UK 9021441.2) relates to an arrangement for measuring, inter alia, gas
flow of gas by determining the time of flight of an ultrasonic signal in
both directions between first and second transducers disposed opposite each
other in a measuring duct and uses this result to compute the gas speed and
from this the volume of gas consumed. The present arrangement is concerned
with improvements to such systems to enable even more accurate and/or
repeatable results to be achieved. According to one aspect of the present
invention there is provided apparatus for measuring the flow of fluid, the
apparatus comprising a duct with an inlet and outlet for the fluid, a
measuring tube within the duct, first and second transducers disposed in
the duct to define an acoustic path through the measuring tube, switching
means for allowing each transducer to be used for either transmission or
reception of a signal used to measure the speed of the fluid through the
measuring tube and means for correcting the value of the product T1.T2 in
the equation V = L/2. (T2-T1)/T1.T2 so as to    ~ s ~ui. 2ooQ 2 remove
signal time delay errors and ensure the accuracy of the speed of flow
measurement of the fluid where V is the speed or velocity of flow of the
fluid, L is the distance between the transducers, Tl is the time of flight
of the signal from the first transducer to the second transducer, and T2 is
the time of flight of the signal from the second transducer to the first
transducer. According to another aspect of the present invention, there is
provided a method for measuring the flow of fluid through a duct, the
method comprising transmitting a signal from a first transducer through the
flow path of the fluid for receipt by a second transducer, switching the
transducers to allow transmission to be effected by the second transducer
for receipt by the first transducer, determining the speed of f low of the
fluid from the transducer signal transmission times and 



correcting the value of the product T1.T2 in the equation V = L/2.
(T2-T1)/T1.T2 so as to remove signal time delay errors and ensure the
accuracy of the speed of flow measurement of the fluid where V is the speed
or velocity of flow of the fluid, L is the distance between the
transducers, Tl is the time of flight of the signal from the first
transducer to the second transducer, and T2 is the time of flight of the
signal from the second transducer to the first transducer. The invention
will now be described by way of example with reference to the accompanying
drawings in which:   s .~umo2 ` 3 Figure 1 shows a suitable housing for the
invention; Figure 2 shows a sectional view of the Figure 1 housing with the
internal component layout; Figure 3 shows the f low chamber and transducer
aspects in more    ~ s ,~u~ zooz 4 detail: Figure 4 shows an exploded view
of the Figure 3 arrangement; Figure 5 shows the auxiliary transducer and
tube assembly in more detail; Figure 6 shows an alternative auxiliary
transducer configuration; 



Figure 7 shows details of electronic circuitry associated with the flow
measurement; and Figure 8 shows the control and processing steps associated
with calibration. The exterior arrangement of Figure 1 suitable for the
present configuration and for the arrangement disclosed in our copending
application UK 9o21441.2 comprises a housing 10 incorporating a duct 11
with fluid flow inlet 13 and outlet 14. Above the duct 11 is a second part
12 of the housing 10 which incorporates a battery compartment accessible
via plate 15 and includes a circuit board 16 carrying the electronics
components for operating the system. A display 17 provides visual
indication of the metering and switches 18,19 provide display selection.
Within the duct 11 are a pair of transducers 36,37 (see Figure   ~ s ~u~ ~
' 5 2) which are used to measure the rate of flow within the duct in a
manner described in more detail below, to act as a metering device, for
example. The transducers which operate at ultrasonic frequencies, are
incorporated within a flow chamber assembly 20 within the duct (see also
Figures 3 and 4). This assembly includes two cylindrical chambers 21,22
which are affixed to a central circular support 23. The support also
carries an inner, generally tubular member 40 coaxial with the chambers
21,22. Mounted on the outer periphery of support 23 are two O-rings 26,27
(e. g. of rubber) which effect a seal when mounted within the housing 11.
This results in the chambers 21 and 22 being isolated from each other and
the only passage therebetween being provided via the tube 40. The tube
includes disc-like extensions 41 at each end and the diameter of the bore
of the tube increases adjacent each end in the region 42 to provide
modifications to the fluid flow path. The chambers 21,22 each include a
number of circular apertures 47 around their periphery to form passageways
for the fluid entry or exit. 



As can be seen from Figure 3, the fluid passes into the measuring system at
inlet 13 and moves within the housing duct   ~ 6 JUI, ?~ 6 11 so as to pass
around the outside of the chamber 21 and thence through the apertures 47
into the chamber 21. The fluid then continues through the chamber 21
passing over the disc-like extension 41 and through the shaped region 42 of
the tube 40. After travelling down the tube 40 the fluid emerges and passes
over the extension 41 and passes out through the apertures 47 in chamber
22. External of this chamber, the fluid passes through the housing and
through the exit 14. The shape of the tube and the passages act as a
labyrinth to reduce turbulent flow as well as preventing dust from passing
into the measuring tube which could be present in a domestic gas supply,
for example. Instead the dust tends to settle in the bottom of the housing
external of the chamber 21. A relatively narrow bore size in tube 40 causes
a speed increase in the fluid to increase the sensitivity of the
transducers as well as purging any stray dust particles. An auxiliary
transducer 56 with associated tube 55 is provided within and extending
through the chambers 21,22 and is used for calibration purposes as
described in more detail below. The tube 55 includes porous end sections
55a, 55b to allow very small portions of the fluid to reach the tube
interior (e. g. a few ccs). Otherwise, there is no passage of fluid between
chambers 21 and 22 except via the measuring tube 40. The central support 23
acts as a seal between the tube 55 and the chambers 21 and 22.  



'! 6 JUL 2002 7 Extending from the chamber 21 is a transducer housing 29
containing one of the ultrasonic transducers 37. The transducer as seen
from Figure 2 is separated from chamber 21 by partition 45. Thus transducer
37 is located at one end of a chamber 50 and the partition 45 is at the
other end of chamber 50. The chamber is lined with acoustic material 43 to
avoid unwanted reflections at ultrasonic frequencies. The partition
includes a circular aperture 46 in line with the transducer to allow
ultrasonic signals to pass through to the tube 40. The aperture will be
covered with gauze 51 (see Figure 4). The provision of chamber 50 with only
a small aperture allows only generally parallel waves to pass therethrough
rather than a divergent beam. The location of the transducer 37 at the far
end of the chamber 50 assists with this action and reduces the risk of dust
contamination of the transducer. The chamber partition also isolates the
chamber from the fluid path. A similar arrangement is provided for
transducer 36 with housing 28 and the chamber 53 with the partition 45. The
aperture 46 is again provided. This is necessary as each transducer 36,37
will alternate as transmitter and receiver. The transducers 36,37 are
connected to the electronic circuit board via wires 32,33 and the
electrical connector 48. The auxiliary transducer 56 is connected via wire
57 to the   ~ 6 JllL 2~2 s connector 48. The power source for the system is
provided by battery 35. The transducer 56 together with the associated tube
55 is shown in more detail in Figure 5. The bore of the tube is very small
(e.g. 5mm) compared to the bore of the measuring tube and the porous end
sections 55a,55b are only sufficient to allow a small portion of fluid to
pass into the tube. Thus any flow through tube 55 is negligible, especially
when compared with the flow through the measuring tube 40. However this is
sufficient for the tube 55 to contain an accurate sample of the fluid
flowing within the measuring tube 40. The wire 57 provides the means for
receiving and passing back a signal from the system control. The auxiliary
transducer 56 is arranged to transmit a signal down the tube 55 to the end
reflector surface 54 (a distance Lx) which signal is then reflected back
the distance Lx making a total distance of 2Lx altogether. A similar
process utilising a double reflection is carried out as described below and
in this case the total distance is 4Lx altogether. 



The flat transducer face 56a is employed in that operation. The purpose of
the auxiliary transducer and tube is to provide a calibration mechanism for
the system for reasons described below. In an alternative arrangement shown
in Figure 6, the third   ~ s ~uL ~ 9 transducer 56 is provided within the
chamber 22. The support 23 in this embodiment is part of the moulding and
includes portion 23a having a concave face which acts as a reflector for
the transducer 56. A portion 54 of the transducer assembly adjacent the
transducer also acts as a reflector as does the face of the transducer 56
itself. The paths of the signals are utilised as in the earlier embodiment.
The provision of the support as part of the moulding allows the reflector
to be integrally formed, removes the need for Orings and reduces the space
taken up by the support to allow sufficient room for the transducer 56 and
associated paths to be accommodated a11 within the chamber 22. This
eliminates even slight passage of fluid between chambers 21 and 22 (other
than via the normal route through the measuring tube). The transducer and
signal paths are thus quite separate from the measurement transducers and
measurement tube 40 and eliminates erroneous signals. Motion of fluid
within chamber 22 does not affect this measurement because the reflective
path has a component with and against any flow so cancels this out. The
speed of fluid through chamber 22 will be slower in any event to that speed
through the measuring tube 40. 



In this second embodiment the distance Lx will be the distance   ' - 1 6
JUL 2~2 to from transducer 56 to the face 54 (via reflector 23a). The 2Lx
distance will be that travelled by the signal back on this route after
reflection at the transducer 56 ie the signal having undergone a single
reflection. The 4Lx distance will be that travelled by the signal having
undergone a double reflection. The auxiliary transducer calibration or
correction mechanism is provided for the following reasons.  The velocity V
of gas flowing in the main measurement tube may be calculated from the
times for the ultrasonic signals to pass therethrough (a distance L) in
each direction, according to the velocity formula Velocity V = (L/2) * (T2
- T1)/(T1 * T2) ........ (1) where the time of flight in each direction is
T1 and T2. Errors in the values of T1 and T2 arise because there will be
additional time delays due to electronic circuit delays, the inertia of the
transducers and multimode propagation effects in the measurement tube. The
inertia of the transducers is the major delay error (typically 80% of the
error). The T2 - T1 subtraction will eliminate a11 these errors in this
part of the equation as the delays will be constant in both directions.  



1 6 JUL 2002 . 11 The product T1 * T2 is not so easily dealt with. It is
true that where the measuring tube is sufficiently long, the errors due to
the above delays are so small as to be ignored. However for more compact
designs, this error becomes more pronounced. If accuracy to a few percent
is tolerable, then even with compact designs a fixed correction factor can
be introduced into the computation to reduce any error. However for
different gases and for extended periods of use (i.e. years) it is better
to employ the present calibration mechanism which increases accuracy. Tgl
and Tg2 are the actual measured transmit times including the error effects
described. That T1 * T2 = (Tgl - Tsl - Tcl) * (Tg2 - Ts2 - Tc2) .... (2) is
unhelpful if the values of Ts (system and transducer delay) and Tc (channel
or multimode propagation delay) are unable to be actually measured
individually. However by employing the calibration steps using the
auxiliary transducer it is possible to determine the value of T1 * T2
because T1 * T2 is approx. - TZ = LZ/CZ .............. (3) where C is the
term relating to the speed of sound measurement for a given fluid, and V is
small in relation to C as is the case in practice and T is the value of T~
(or T2) when V is zero ie when V = ~, T~ = T2 = T.   1 6 JUL 20!!2 is The
speed of sound C of a signal in a medium is given by C = _D .............
(4) T where D is the distance travelled by the signal and T is the time for
which the signaltravels. 



In the case of the single and double reflection examples above with respect
to the third transducer the real time to travel the distance 2Lx in the
case of the single reflection is TP(2Lx), whereas in the case of a double
reflection, the real time to travel the distance 4Lz is TP(4Lx) where 'real
time' is the actual time the signal spends in the fluid. TP(2Lx) - Tx~ -
Tsx ............... (5) TP(4Lx) - Txz - Tsx ............... (6) where Tx~
is the measured transit time to travel the distance 2Lx, Tx2 is the time to
travel the distance 4Lx and Tsx is the transducer system time delay error
for this transducer which error is similar to the Ts~ and Ts2 errors for
the main transducers. Tsx can be eliminated by subtracting Tx2 from Tx~ as
previously described for the main transducers and thus using equation (4)
we have  C = 4Lx - 2Lx .................. (7) TXZ - Tx~   ~ s au~ 2002 13 -
2 Lx Tx2 - Tx~ .................. (8) and finally C2 - S2Lx)2
.................. (9) [ Txz - Tx~ ] 2 



we shall return to equation (9) shortly. By employing the third transducer
with its own measurement chamber or paths and by sending a signal in a
controlled manner thereto, it is possible to eliminate the value of T1 T2
because we have determined in equation (9) that CZ = (2Lx/[Tx2 - Txl])Z and
hence substituting equation (9) in equation (3) to eliminate C we have T1 *
T2 = [Tx2 - Txl)Z * LZ/4Lx2 ................ (10) where Tx2 is the time
taken for the signal from the auxiliary transducer 56 to pass to the end
reflector 54 and back to the transducer and reflect thereon back to the
reflector 54 and back to the transducer 56 (i.e. a distance 4Lx). A
distance of travel for the signal to pass once to the reflector 54 and back
(i.e. a distance 2Lx) gives the time value Txl. L is the distance of the
path in the main transducer measurement chamber 40 of Figure 3. If we now
insert equation (10) into equation (1) we can eliminate T~ * TZ and
therefore the associated system and   ~ s ~u~. ~ 14 transducer delays and
thus we obtain V = _L x ~ Tz - T~ ) 4 Lx2 2 ( TxZ - Tx 1 ) 2 . L2
................. (11) and finally V = 2STZ - T~ Lx2 L. (Tx2 - Txl) Z
...................... (12) The calibration system is arranged to have time
windows to receive the various reflected signals and the resultant
calculation of equation (10) can be directly substituted for T1 * T2, in
the equation (1) so eliminating the system errors. By updating the
calculation at regular intervals, the speed of sound values for any given
fluid passing through the system can be accommodated. So fluids which may
change their constituents will not cause problems. Also drift in any of 



the delay factors over long periods of time (e. g. years) will also be
accommodated. Using the above arrangement, accuracy to within 0.5% has been
achieved. The operation of the system is shown in Figure 7. In this
simplified diagram, the transducers are shown spaced by the distance L. The
auxiliary (calibration) transducer 56 is shown spaced from the reflective
end wall 54 by the distance Lx. To describe the operation of the main
transducers first, a transmitter/receiver block 60 employs transducer 36 to
1 6 JUl ~DOQ 15 transmit a signal burst and after this has passed through
the tube 40 of Figure 3, it is received by transducers 37 which passes the
signal via the block 60 to the processor/control 61 (typically a
microprocessor). The travel time taken for the ultrasonic signal will
depend on the distance L and the speed of the gas. A phase reversal marker
can be provided on the signal to more accurately detect the time of flight
of the ultrasonic signal burst. The transducer operation is then reversed
and transducer 37 becomes the transmitter. The time of travel of the burst
is again computed. The difference in time relates to the c~as flow rate. To
calibrate, a transmitter/receiver block 64 also typically using a signal
with the phase reversal marker is utilised periodically to energise the
transducer 56. The utilisation could be every 20 seconds (as against the
main transducer measurements for example occurring every 2 seconds). O'n
transmission of the signal burst, the time to receive the first reflection
is measured and the period when the second reflection can be expected is
calculated in processor 61 to provide a time window for receipt (to
eliminate detected unwanted reflections) when a further burst is
transmitted. These detected time values which are dependent on the distance
Lx and the gas content are passed to processor/control 61 to calculate
values used in the volume determination. Thus the measurement effectively
eliminates the unknowns including system (ie electronics and multimode
effects) and transducer   ~ 6 JLIl. 2D02 16 delays to give an accurate
measurement of speed of sound in the medium. The double transmission steps
using the same transducer makes this possible. As the distance L between
the main transducers is known, the necessary values can be calculated and
volume and usage of gas accumulated. Results can be passed to display 62.
The calibration factor can be stored within block 61 and periodically
updated as necessary. The control and processing steps associated with the
calibration system are shown in Figure 7.   - '! S J~fL 2~2- _ m CLAIMS 



1. Apparatus for measuring the flow of a fluid, comprising; a duct with an
inlet and outlet for the fluid, a measuring tube within the duct, first and
second transducers disposed in the duct to define an acoustic path through
the measuring tube, switching means for allowing each transducer to be used
for either transmission or reception of a signal used to measure the speed
of the fluid through the measuring tube and in means for correcting the
value of the product T~.T2 in the equation V - L/2 . (TZ-T~ ) /T~ . TZ so
as to remove signal time delay errors and ensure the accuracy of the speed
of flow measurement of the fluid where V is the speed or velocity of flow
of the fluid, L is the distance between the transducers, T~ is the time of
flight of the signal from the first transducer to the second transducer,
and T2 is the time of flight of the signal from the second transducer to
the first transducer. 2. Apparatus as claimed in claim 1, in which the
correction means is configured to measure the time for a transmitted signal
to pass along two paths of known length. 3. Apparatus as claimed in claim
2, in which each path includes at least one reflective surface to cause
said signal to return to the origination point at least once.   ~ s ~u~ 200
18 4. Apparatus as claimed in claim 2 or 3, in which the correction means
includes an ultrasonic transducer for . transmitting the signal down the
two paths. 5. Apparatus as claimed in claim 4, in which the transducer is
provided in addition to the first and second transducers. 6. Apparatus as
claimed in claim 4 or 5, in which the transducer is provided with acoustic
paths separate to that within the fneasuring tube. 7. Apparatus as claimed
in claim 6, in which the acoustic paths are provided within a chamber
having a restricted inlet and outlet to allow only a small portion of fluid
to be utilised for calibration correction relative to the measurement tube.
8. Apparatus as claimed in claim 7, in which the chamber includes a
reflective surface at the end remote from the transducer. 9. Apparatus as
claimed in claim 6, in which the acoustic paths are provided within a
chamber having a plurality of reflective surfaces to cause the acoustic
paths to be provided within a relatively small region.   _ ~ s ,~umn 19 10.
Apparatus as claimed in claim 7, 8 or 9, in which computation means are
provided to provide a calibration correction value dependent on the
difference in times for a signal to pass from the transducer to the
reflective surface on more than one journey. 11. Apparatus as claimed in
claim 10, in which the computation means is configured to determine
appropriate time windows for reception of a signal to avoid detection of
unwanted reflected signals. r 12. Apparatus as claimed in claims 10 or 11,
in which the 



computation means is configured to carry out the correction at less
frequent intervals to that of the speed measurement. 13. Apparatus as
claimed in claims 7 or 8, in which the chamber is provided within the duct
in a position parallel to the measuring tube. 14. Apparatus as claimed in
claim 13, in which the chamber and the measuring tube each have first and
second portions contained within separated portions of the duct associated
with the inlet and outlet of the fluid respectively. 15. A method for
measuring the flow of fluid through a duct said method comprising:
transmitting a signal from a   a s au~ ~ 20 first transducer through the
flow path of the fluid for receipt by a second transducer, switching the
transducers to allow transmission to be effected by the second transducer
for receipt by the first transducer, determining the speed of flow of the
fluid from the transducer signal transmission times and correcting the
value of the product T~.Tz in the equation V = L/2. (T2T~ ~ /Tt . TZ so as
to remove signal time delay errors and ensure the accuracy of the speed of
flow measurement of the fluid where V is the speed or velocity of flow of
the fluid, L is the'distance between the transducers, Tt is the time of
flight of the signal from the first transducer to the second transducer,
and T2 is the time of flight of the signal from the second transducer to
the first transducer. 16. A method as claimed in claim 15, in which the
correction step is effected by measuring the time for a transmitted signal
to pass down two paths of known length. 17. A method as claimed in claims
15 or 16, in which a third transducer provides the signa paths separate to
those from the first and second transducers. 18. A method as claimed in
claims 15, 16 or 17, in which the signal is reflected from at least one
reflective surface to return the signal to its origination point.   1 8 JUL
200Z 21 



19. A method as claimed in claim 18, in which a calibration correction
value dependent on the difference in times for a signal to pass from the
transducer to at least one reflective surface on more than one journey is
computed. 20. A method as claimed in claim 19, in which the computing step
includes providing an appropriate time window for reception of a signal to
avoid detection of unwanted reflected signals. 21. Apparatus for measuring
the flow of a fluid substantially as hereinbefore described with reference
to the drawings . 22. A method for measuring the flow of a fluid
substantially as hereinbefore described with reference to the drawings . i
.Ae.AS9.A%'.AHL.A(.AS5.AyY.A!.Ay.AyHE.Afa.A .A.AYn&2.AuS.A[(.A,3.Ay
.ASUY2.An9y.A -SaCGIKQUW:h
|wrmhc^Y]c&a]ca]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]c&aU]c&a]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]c&aU]ca U]c^aU]ca]ca]cTa
MB't.fXq~ytoje`[U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c$aU]c$a]c$a]caU]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]ca]ca]ca]ca]ca!3Bz=z!^B{z}{vqlga\V]U]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca! M N O!7""""""7#C####
%%%2&q&'Z'''(#(%('(*((){vqkf`[V]]ca]caU]ca]caU]c&a]c&a]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!)N))*,+c+++-
,j,,,-E-Q-U-X---.H......m/z/{/////ztoje_YTkf`[]caU]caU]ca]ca]ca]caU]ca]ca]c
aU]caU]caU]caU]caU]caU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca
//////20000Y1111112Y3*4455b5556W6666667{vqlfa[Vkf`[]]caU]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]caU]caU]ca]caU]ca]caU]ca
]caU]ca 77S7W7Y777748m8899j::::;
;;%;2;5;7;<;@;B;F;Y;];n;u;;}xrmgb\Wkf`[]]]ca]c^a]caU]ca]caU]ca]caU]ca]c^a]c
a]ca]c&a]caU]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
;;;=>>?w????????@@@#@?@z@@BBCCDD)DjDFH*J,Jztoje`[U]U]ca]ca]ca]ca]ca]caU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]caU]c$a]c$a]ca]ca]ca]ca]c
a]ca]ca!,J.J9J<JCJFJxJJJJJK&K1KbKsK{KKKKKK=LILNLPLRLYLOP<Q>Q|wrkfa\Vztoje`[
U]UU]c$a]ca]ca]ca
U]c^a]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]ca>Q@QHQQ_RRSaT9U;
U=UEUIVWJWWMX3YYYYYYZZB\\<]k]]^{^^^^zupkfa[V]U]caU]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]c&a]ca]ca]ca]ca]ca]caU]c$
a]c$a!^^^_\``MaOa=UEUIVWJWWMX3YYYYYYZZB\\<]k]]^{^^^^zupkfa[V]U]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]c&aU]c&a]c&a]ca]ca
]ca]ca]ca]ca]caU]ca -cE$10%`&'()-Y10%`&'()-fm 10%`&'()-
1l10%&'()-910%`&'()-M
`310%&'()--haaB@#!10%`&'()-@9!!10%`&'()-S&!10%`&'()-&fS10%`&'()-`SL
"10%`&'()- !:SL "10%>>&'()- CDEFGUWbCy`10%&'()-F%9-10%&'()-  10` 10`
10`f`<10%`&'()-,(!10%`&'()-@$f10%`&'()-W:h   



a?bC!S5'10%&'()-G!S2 "10%&'()-,)!10%&'()-l%!10%&'()-Y!10%&'()-,F!10%&'()-&
M|]>,10%M&'()-@ !10%M&'()- jy"10% &'()-@!3%@10%==&'()- 10 10
10,,810%&'()-bCY10%&'()-`10%&'()-%L-10%&'()- 10M 10M
10MS'10%M&'()-M,F!10%M&'()-B'tdEbCF%!10%&'()-!10%&'()-!10%&'()-y!10%&'()-!1
0%&'()-!10%&'()-.fbC&!10%t&'()-9!10%t&'()-,t10%t&'()-%10%t&'()-4 10 10
109!10%&'()-fXdEbC!10%t&'()- !10%t&'()-&10%t&'()-3!10%t&'()-S!10%t&'()-
F10%t&'()-3BzdEbC7!10%t&'()-310%t&'()-1!10%t&'()-0!10%t&'()-3!10%t&'()-!10%
t&'()-z=bC@`"10%&'()-S!10%&'()-@`10%&'()-%10%&'()-  10t 10t
10t`9!10%t&'()-=z!^}[<bC@!10%&'()-!l`%10%UU&'()-!lT&10%&'()- "10%&'()-!S  



'10%&'()-@@!10%&'()-^B{wxydE:/ 10
10,)!10%&'()-l%Y10%&'()-#!10%&'()-!!10%&'()-10%&'()- !10%&'()-yz O!7"uV7/
10,!10%&'()-"10%&'()-Z l!10%&'()-#!10%&'()-!y'10%??&'()-G %Y910%&'()-
107"""""""7#C#bC 10SL10%t&'()-fY!10%t&'()-`10%t&'()-%10%t&'()- 10 10
10y5!10%&'()-C## %%%2&q&aBbC
10)!10%t&'()-9'!10%t&'()-Y%!10%t&'()-!10%t&'()-,!10%t&'()-3
!'10%::&'()-q&'Z'''((((dYNC 10 10t 10t
10t9!10%t&'()-96M10%t&'()-y2!10%t&'()-0!10%t&'()-*!10%t&'()-(%(()N))*aBYNC
10, "10%&'()-SS3!10%&'()-f@!10%&'()-f  "10%&'()-!}y 



(10%&'()- %10%&'()-*,+c+++-,j,dEYNC
103.!10%&'()-S,!10%&'()-,(410%&'()-,$!10%&'()-,&!:10%&'()-@3!10%&'()-j,,,-B
-C-D-E-U-xmb@ 10!y'10%&'()-Z 10 10
10,s9!10%&'()-510%&'()-3!10%&'()-010%&'()-U---.H...aBmb@
10!f10%&'()-f!10%&'()-f!10%&'()-!'10%ss&'()-f
!10%&'()-'10%&'()-,....//20dEmb@
10!,'410%&'()-,!10%&'()-f,!10%&'()-f,:10%&'()-tf&10%&'()-SF!10%&'()-20Y1111
1111xmbC 10!$ 10%]&'()-  10 10
10910%&'()-7!10%&'()-6!10%&'()-*!10%&'()-y12Y3*44b55aBmbC
10!9*!10%&'()-!!10%&'()-`S!10%&'()- "10%&'()-,L
"10%&'()-!ef'10%ss&'()-556W666666dYNC 10! 10 10
10Y7!10%&'()-y5!10%&'()-3!10%&'()-/10%&'()-  .10%&'()-677W7Y777}^?YNC 



10`10%`&'()-!10%`&'()-!k10%&'()-!>%10%&'()-10%`&'()-$-10%`&'()-7748m8899dEY
NC 10!10%`&'()-10%`&'()-!10%`&'()-&!10%`&'()-3!10%`&'()-S!10%`&'()-9j:::;
;";#;$;dE:/ 10` 10`
&610%`&'()-3410%`&'()-F410%`&'()-f210%`&'()-.!10%`&'()-3%!10%`&'()-`$;%;2;
5;<;F;];;xY:/ 10` !10%M&'()- &10%M&'()-F 10%M&'()-
10%M&'()-y10%M&'()-#-10%M&'()- 10`;;;<==>dE:/ 10`S&!10%M&'()-yS
"10%M3&'()-S "10%M&'()-S "10%M&'()-m10%M&'()- 10%M&'()-G>>?t?u?v?w???b@
10`!-10%GG&'()--$&-10%&'()- 10M 10M
10M37!10%M&'()-s3m10%M&'()-1!10%M&'()-????@#@?@^?b@ 10` f10%&'()-!6m
10%&'()-10%&'()-S&10%&'()-!@ m 10%&'()-' m 10%&'()-'?@z@@BBCCdEb@ 



10`Y7!10%&'()-Y`0!10%&'()-l(!10%&'()-l!10%&'()-3
!10%&'()-!10%&'()-CDDDD)DjDFH~_@ 10`3"10%t&'()-@fY"10%t&'()-:!
(10%jBjB&'()-z0$SL10%t&'()-F 10 10 10Y9!10%&'()-H'J(J)J*J9JK:L;L<L=L~_TI>
10Z 10Z 10ZF!10%Z&'()-![3"10%ZZ&'()-l $-10%Z&'()- 10t 10t 10t1!10%t&'()-S
=LPLRLYLOP9Q:Q^<._ 10!!,4!10%&'()-!5,y,!10%&'()-!RS !10%&'()-@
10%&'()-S10%&'()-310%&'()-:Q;Q<QHQQQQ_R^<_
10![!10%55&'()-!Nys`'10%&'()-!Sys`'10%&'()-!ys`'10%00&'()-l%-10%&'()- 10
10_RRSaT6U7U8U9Uwi[M_ 10![!10 



10HH 10HH
10HH!M0!10%HH&'()-!M,)!10%::&'()-!`!10%''&'()-,!\!10%++&'()-9UEU~UIVWJWWwV4
M_ 10!SS!10%&'()- ;SS!10%&'()-!0fL!10%&'()-!y "10%&'()-s!y
"10%KK&'()-s!&S)10%VV&'()-3WMX3YYYYYY}oP_ 10!SS!10%&'$9-10%t&'()- 10 10
10!@7!10%&'()-!0@,!10%&'()-z!0@%!10%&'()-YYZZB\\<]k]^?P_ 10!S
S)10%t&'()-!Q%!10%,,&'()- 10%t&'()-  10%t&'()-F
10%t&'()-!\'10%&'()-:k]]^{^^^^^^uj_@ 10!S%f10% &&'()- 10t 10t 10t
f8m10%t&'()-!Q4!10%,,&'()- 



/10%t&'()-&-!10%t&'()-^^_\``MaOazX9j_@ 10!,910%
h&'()-s!+!10%hh&'()-!+!10%hh&'()-!?!10%hh&'()-!H!10%hh&'()-10% h&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontF y%D*.3$8v<A)G<I;N8RV[O^bdfhjlnprtvxz|~)/7;
,J>Q^OaFGHIJKLMNOP-W fz=^y7"C#q&(*j,U-.2015679$;
;>??@CH=L:Q_R9UWYk]^OaQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


