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1. DESCRI PTI ON OF ANEMOVETER AND AUXI LI ARY EQUI PMENT
The follow ng equi pnent will be supplied as standard : -

1 anenoneter unit.

1 power supply and interface unit (PSIU).

1 anenoneter connector (unless a cable is ordered).

1 IEC type mai ns cabl e.

1 360k 5 1/4" disk containing PC conmunications programe
fastcomexe and file conversion utility convert. exe.

1 nounting kit consisting of stainless Md nmachine screws and a
base nounting gasket.

Associ at ed docunentati on

The followi ng equipnment can be supplied to order at extra
cost: -

Addi ti onal anenoneter connectors.

Conpl eted anenoneter to PSIU cable. This is available in a
range of standard | engths.

Anal ogue i nput connector.

The research ultrasonic anenoneter consists of a sensing head
with six wultrasonic transducers arranged in three pairs,
surmounting a cylindrical electronic base housing. The onboard
electronics provide all ultrasonic processing and vector
conmputations required to output wind data in a processed form
Also supplied is a power supply and interface unit (PSIU).
This must be connected to the anenoneter by a suitable cable
made to drawing 1012-G 092 at the end of this docunent. Cable
shoul d be STC PS6P22, BELDEN 8778 or equivalent. Alternatively
as detailed above a conpleted cable can be supplied. Wen the
PSIU is connected to the anenoneter the unit provides power for
the anenoneter and al so converts the RS422 serial output from
the anenoneter to standard RS232 format. This signal is output
from the PSIU via a 25 way D type connector that can be
connected to a PC by any 1 to 1 cable. A suitable cable may be
made to drawing 1012-K-091. OQher conputers nay require a
custom sed cable between the PSIU and the conputer. The
anal ogue outputs are also routed to the PSIU and are avail abl e
on a 9 way D connector.
A second connector in the base of the anenoneter provides
connections for up to 5 analogue inputs. A mating connector to
enable the wuser to make up an analogue input cable can be
suppl i ed on request.



2. PRI NCl PLE OF OPERATI ON

The basic time-of-flight operating principle is physically
fundanental and provides vector neasurenent of air velocity
dependent mainly on the dinmensions and geonetry of the
transducer array. A pair of transducers act alternately as
transmtters and receivers, sending pulses of high frequency
ultrasound between thenselves. The tines of flight in each
direction, say tl1 and t2, are neasured. If c is the speed of
sound, L the distance between the transducers and there is an
air flow v along the line of the transducers, the follow ng
rel ati onships are readily derived: -

tl = L/(c+v) ; t2 = L/(c-v)
By inverting and subtracting, v is solved explicitly:-
v = 0.5L(1/t1-1/t2)

This wind vector derivation is not affected by ¢ or any other
paraneters such as tenperature or contam nant content.

Conversely, c is obtained by inverting and addi ng: -

c = 0.5L(1/t1+1/t2)

It can be seen that there will be little effect on tl1 and t2
caused by air flow normal to the line of the transducers.
Therefore v represents the vector conponent of air flow
resolved along the Iline of the pair of transducers. By

arranging three pairs of transducers in different orientations,
the direction and magnitude of the incident air flow nmay be
unanbi guously derived. The transducer pairs do not have to
conform to cartesian axes. For optinum undisturbed airflow a
non orthogonal arrangenent is enployed. Speed of sound (c) is
useful for exanple in calculating air tenperature with a rapid
response.

The three main functions of the electronics are operation of
the ultrasonics, processing of raw neasurenent data, and high
| evel data analysis, storage and transm ssion. Qperation of the
ultrasonics requires timng measurenents to be nmade with a
repeatability of about 10ppm (parts per mllion) at |ow
airfl ows. Newly devel oped techniques for achieving this



performance with an ultrasound system allow nmajor reduction of

el ectronics volune conpared with previous realisations of this

t echnol ogy.

The timng neasurenents are first checked to ensure they are
within reasonable limts. If the anenoneter is operating in a
UVW node (see below) further calculation is carried out:-

calculation of velocities along the transducer axes (as

descri bed above), followed by a transformation to cal culate the
velocities in an u, v, w format. If operating in a calibrated
node a correction operation is then applied to calibrate out

the affects of the transducers and head franmework. The UVW
processed data is output on both the serial and anal ogue
outputs. The transit count data is output on the serial output

only.

Serial comunications conformto RS422. Commands can be sent to
the anenoneter to configure its operation. Four anal ogue
outputs provide fast response real-tinme data to conventional

recording instrunments. Five analogue inputs enable the user to
interface to other instrunents via the anenoneter. H gh |eve

| anguage progranmng of the internal mcroprocessor mnakes
custom sation of the interface specification practical for OEM
appl i cati ons.

A protective electrical barrier is incorporated internally.



3.  SOFTWARE SPECI FI CATI ON

3.1. SUMVARY OF OPERATI ON

The anenoneter carries out one ultrasonic firing every 1nS. The
time of flight of the ultrasonic pulse is neasured, and a
figure subtracted to allow for transducer delay. This delay
figure is nmeasured and programmed in for each axis during the
test procedure.

The anenoneter first carries out a firing in each direction on
axis 1. The transit counts for each direction are stored
individually in their raw form Additionally a fast cal culation
method is used to calculate the wind velocity along that axis
(using the 0.5L/t1 - 0.5L/t2 fornmula). The operation is then
repeated on axes 2 and 3. A conplete set of firings (ie/ enough
to calculate a single wind velocity) thus takes 6 nS5 (1nS * 3
axes * 2 firings per axis) and yields six transit counts and
three axis velocities. Results from successive sets of firings
are added together to enable averages for the transit counts
and axis velocities to be obtained.

The anenoneter either outputs data 21 times a second or 56
times a second. The slower update rate is obtained by averagi ng
together the results of eight conplete sets of firings ie/
speed data is output every 48nB5. The faster wupdate rate is
obtai ned by averaging together the results of three conplete
sets of firings iel/ speed data is output every 18nS.

The anenoneter has four basic nodes of operation selected by
conmmands received via its serial interface:-

MODE 1: CALI BRATED UVW

In this node the anenoneter calculates calibrated UYW speed
data 21 tines per second. The unit first calculates the average
axis velocity for each axis (by dividing each total axis
velocity by 8). It then carries out a vector transformation on
the three average axes velocities to convert them to
conventional UVW axes. The three vector speeds are then
corrected and calibrated to allow for the effects of the
framewor k and transducers.

A fourth paraneter representing the neasured speed of sound is
also calculated fromthe stored transit counts.

As soon as the velocities and speed of sound have been
cal cul ated they are output on the anal ogue outputs (see section
3.3). They are also stored in the speed data buffer for seria
data transm ssion (see section 3.5 bel ow).



MODE 2: UNCALI BRATED UWW

This node is identical to Mde 1 operation except that the
calibration operation is not carried out on the U/WWvel ocities.
This enables the user to carry out nore data intensive and
conmpl ex calibration schenes such as three dinmensional matrices.
The calibration curves for each anenoneter are included in two
files on the programe disk supplied with the anenoneter. The
file containing the horizontal cal curves is XXXXRCAL.H where
XXXX is the serial nunber of your anenoneter (thus for
anenmoneter 10 the file wuld be 0010rcal.h). The file
containing the vertical calibration curve is WCAL. H APPENDI X A
details the format of these files.

MODE 3: TRANSI T COUNTS.

In this node the anenoneter cal culates the six average transit
counts 21 tines a second. After 8 conplete sets of firings the
unit divides each of the six stored transit count sunms by 8 to
obtai n average transit counts. The axis velocities are ignored.
No further calculations are carried out on this data. The six
transit counts are stored in the data buffer and then
transmtted on the digital serial interface as described in
section 3.5. In this node the analogue outputs are |left
i nacti ve.

The equations used in the anenoneter to calculate the U V and
Wvectors fromthe transit counts are detailed in APPENDI X B

MODE 4: FAST TRANSI T COUNTS.

This node is identical to Mde 3 operation except that the
transit counts are calculated 56 tinmes a second ie/ each stored
measurenent is the average of three actual transit count
neasur enment s.

This faster output rate is not available in a U/WWformat as the
vector transformation required takes too long to carry out.

The equations used in the anenoneter to calculate the U V and
Wvectors fromthe transit counts are detailed in APPENDI X B



DEFAULT POAER UP SETTI NGS

Whenever it is powered up the node in which the anenoneter wll
start operating is dictated by links 2 and 3. This enables the
user to select any of the four Mddes as the default node. This
means that the anenoneter can be used in any node wthout the
need for serial commands to sel ect that node.

On power-up the interface is always <configured in the
unpronpted node (see section 3.5 below). The baud rate 1is
dependant on the node sel ect ed.

The link positions for each node are defined below A link is
defined as ON if noved towards the top of the anenoneter, and
OFF if noved towards the bottom of the anenoneter.

LINK 2 OFF, LINK 3 OFF.- Mde 1 operation, 4800 baud,
unpr onpt ed.
LINK 2 ON, LINK 3 OFF:.- Mde 2 operation, 4800 baud,
unpr onpt ed.
LINK 2 OFF, LINK 3 ON :- Mde 3 operation, 4800 baud,
unpr onpt ed.
LINK 2 ON , LINK 3 ON :- Mde 4 operation, 9600 baud,
unpr onpt ed.

Note that the anenoneter is always powered up with all anal ogue
inputs inactive. If analogue input data is required the inputs
nmust be switched on using the rel evant anenoneter conmmand.

3. 2. SPECI FI CATI ON OF VECTOR AXES

At the end of this docunment there are two draw ngs that define
the UVW and transducer axes. One (1012-K-055) applies to the
symmetrical head. The other (1012-K-125) applies to the
asymetrical head. These should be referred to when studying
this section.

UVW AXES

On the label on the top boss of the anenoneter there is an
arrow defining the nomnal north direction of the anenoneter.
On both versions of the head there is an armlined up with this
arrow. On the synmetrical version of the anenoneter the armis
in front of the arrow and on the asymetrical it is behind it.
There is a transducer 30 degrees anti-clockwise from this
nom nal north direction. This is the top transducer of axis 1.
The u speed axis is aligned with this pair of transducers. A



positive speed on this axis indicates that the flowis fromthe
top transducer towards the bottom transducer ie/ North to
South. The v axis is obviously at right angles to the u axis, a
positive speed indicating that the flowis East to Wst. The w
speed axis is vertical. A positive speed indicates that the
flowis in an upwards direction.



TRANSI T COUNT AXES

The transducer axes are nomnally called axis 1, axis 2 and
axis 3. In the head drawings the transducers are |abelled T1,
T2 and T3 to denote which axis each transducer is on.

The head geonetry dictates that the transducer axes are all at
45 degrees to the horizontal. Fromthe drawings it can be seen
that axis 1 is in line with the U vector but tilted at 45
degrees to it. Axis 1 could be transformed to axis 2 by a 120
degree rotation in a clockwise direction about the vertical
axis. Axis 2 could be transformed to axis 3 by the sane
operati on.

The six transit tines are always output from the anenoneter in
the order top to bottom axis 1, bottomto top axis 1, top to
bottom axis 2, bottom to top axis 2, top to bottom axis 3,
bottomto top axis 3. They are also stored in this order in all
files produced by the fastcom exe package.




3. 3. SPECI FI CATI ON OF ANALOGUE QUTPUTS AND | NPUTS

ANALOGUE QUTPUTS

Wen operating in nmodes 3 or 4 the analogue outputs are
i nacti ve.

Wen operating in a UYW node (1 or 2) the followng
specification applies:-

Qutput 1 represents the u axis speed.
Qutput 2 represents the v axis speed.
Qut put 3 represents the w axis speed.
Qut put 4 represents the speed of sound or a 2.5V reference.

Al'l outputs have a range of 0 - 5V

LINK 4 controls the anal ogue output speed range for outputs 1
to 3.

If LINK 4 is set to ON (towards the processor.)
2.50V represents a speed of zero.

5.00V represents a speed of +60m s.

0. 00V represents a speed of -60ms.

If LINK 4 is set to OFF (away fromthe processor.)
2.50V represents a speed of zero.

5.00V represents a speed of +30m s.

0. 00V represents a speed of -30ms.

Qutput 4 is not affected by LINK 4. The information avail able
via output 4 is set by LINK 5. [If LINK 5 is set to OFF (away
from the processor) output 4 represents the speed of sound
neasur ed.

5.00V represents a speed of sound of 370nis
0. 00V represents a speed of sound of 290nis

If LINK 5 is set to ON (towards the processor) output 4 is held
at a constant 2.50V for use as a zero speed reference.

The total resolution of the outputs over the full 0-5V range is
11 bits, ie. approx 2.5mV. An anal ogue output test sequence is
avai l able that enables the output levels to be checked. This
sequence is called when the unit is first powered up, and al so



can be called by blocking the ultrasonic paths, for exanple by
placing a hand in the mddle of the probe (note that if the
obstruction is renmoved the unit wll imrediately return to
normal operation w thout conpleting the sequence). Al outputs
will first be set to 5.00V for 3 seconds, then to 3.75V for 3
seconds, then to 2.50V for 3 seconds, then to 1.25V for 3
seconds, then to 0.00V for 3 seconds. If the ultrasonic paths

are still blocked all speed outputs will then be set to a val ue
corresponding to zero speed ie. 2.50V. The speed of sound
output will be set to a value corresponding to 290nm's ie.

0.00V. Note when using the anal ogue outputs it is advisable to
feed the outputs into a low pass filter to renove any high
frequency noi se.

If the unit is operating in nodes 3 or 4 the anal ogue outputs
are left inactive.

ANALOGUE | NPUTS

The unit has 5 anal ogue inputs. These appear on the second (8
way) connector in the base of the anenoneter as detailed in the
pin out list at the end of this specification. They are
normal ly left inactive but can switched on via a command from
the P.C. The user can switch on any nunber of inputs from1l to
5 to avoid storing and transmtting unwanted dat a.

Once anal ogue inputs have been switched on the readings on the
activated inputs are stored and transmtted with each speed
r eadi ng. In the serial transmssion they wll appear
imedi ately after each packet of speed data. The format of the
data is described in section 3.5 bel ow

The resolution of the inputs is 11 bits and the range is 0 to 5

volts. It is strongly recomended that the inputs are
restricted to these limts. However if absolutely necessary the
input will <correctly read voltages up to around 0.5 volts

outside these limts. Qutside the range -0.5 to 5.5V the
voltage will be clanped by the input circuitry. Al though they
have sone protection the anal ogue inputs mnmust be prevented from
goi ng outside these limts.

The anal ogue readings are appended to each speed reading ie/
they will be output 21 or 56 tines a second. It should be noted
however that each input is only read 10 tinmes a second.

This limts the resol vable i nput frequency to 5Hz.

10



Note that the unregul ated anenoneter supply is present on the
i nput connector and can be used for powering other instrunents.
However using the standard anenoneter PSIU only around 50mA is

available. If any nore than this is taken problens w Il occur
with the operation of the anenoneter. Supplying the anenoneter
from a higher capacity supply will enable nore current to be

taken fromthe auxiliary connector.

11



3.5. SPECI FI CATI ON OF DIG TAL SERI AL QUTPUT

The serial interface is bidirectional ie/ conmands can be sent
fromthe conputer to the anenoneter and data can be transmtted
from the anenoneter to the conputer. This enables the user to
control the node of operation from the conputer. The
bi directional cons also enables nore than one anenoneter to be
linked up to the same conputer

The output of data on the serial link can be in three formts:
conti nuous, unpronpted or pronpted. These are described bel ow -

CONTI NUQUS MODE

The continuous node is selected by an internal link- LINK 6. If
this link is set to ON (towards the processor) the serial
communi cations wll be in continuous node and the other two
nodes will not be accessible. If this link is set to OFF (away
from the processor) the interface can be swtched between
pronpt ed and unpronpted nodes via a serial interface command.

In continuous node speed data is transmtted via the serial
interface as soon as it is calculated. This node is not
normal |y used as the continuous stream of data neans that the
there are no breaks in the transm ssion when the conputer has
time to carry out other tasks such as storing the data. However
some systens that can carry out serial communications as a
background task may find this format convenient.

LINK 6 will normally be set to OFF enabling either of the other
two transmssion formats to be selected by a serial interface
command. When using the supplied FASTCOM EXE progranme LINK 6
nmust be set to OFF

UNPROVPTED MODE

Unpronpted node is selected by the U conmand (see bel ow).

I n unpronpted node the speed data is buffered for approximtely
one second and then output automatically in a one continuous
bl ock. This is done in order to give the conputer/data | ogger
time in which to store the data on disk or display it.

When operating in nodes 1,2 or 3 20 speed readings are buffered

before being sent. This will take 20 * 48ns = .960 sec. These
are then transmtted in a block to the logger. For nodes 1 and
2 this wll take about .4 of a second at the slowest baud rate

(assum ng no analogue inputs are activated). For node 3 this

12



will take .6 of a second as there are nore bytes to transmt.
The conmputer/logger then has around .5 seconds (nodes 1 and 2)
or .3 seconds (node 3) to store and or display this data before
the next block is sent. At the higher baud rates this free tine
will be increased.

In node 4 56 speed readings are buffered before being sent.
When operating in node 4 the baud rate nust be set to either of
the two higher rates as otherwise cons overrun errors wll
occur.

| f any anal ogue inputs have been activated each speed packet
wi Il have a nunber of anal ogue input readings appended to it.
The transmissions will therefore take |onger hence it may be
necessary to use a higher baud rate. The follow ng table shows
the mninum baud rate that nust be used when operating in a
given node with a given nunber of anal ogue inputs activated:-

NUVBER OF ACTI VATED ANALOGUE | NPUTS

0 1 2 3 4 5
MCDE OF OPERATI ON M NI MUM REQUI RED BAUD RATE
MDE 1 & 2 4800 4800 4800 4800 4800 9600
MCDE 3 4800 4800 4800 9600 9600 9600
MCDE 4 9600 19200 19200 19200 19200 19200

PROVPTED MODE

Pronmpted node is selected by the P conmand (see bel ow).

In pronpted node the anenoneter wll buffer all speed data
until it receives a conmand from the conputer telling it to
transmt the contents of its buffer (the T conmand, see bel ow).
It will then transmt all the data stored in the buffer (up to
the time the transmt data conmand was received) as one record
(data gathered during the tine taken to transmt the record
will not be transmtted until the next tinme). Wth no anal ogue
inputs activated the buffer in the anenoneter can contain up to
170 seconds worth of data when operating in nodes 1 and 2, up
to 115 seconds when operating in node 3 and up to 40 seconds in
node 4. Activating analogue inputs will reduce this tinme. At
the end of this period the earliest data will be overwitten by
the latest enabling the instrument to be left running until an
event of interest occurs.

The pronpted node of operation offers significant advantages at
the conmputer end as it neans that the conputer can ask for data

13



when it is ready and will therefore not mss data due to |ong
di sk accesses etc. However the sane restrictions on baud rate
as shown in the table above still apply. If a baud rate that is
too slow is selected in this node it will be found that the
time between downloads will keep increasing until it exceeds
the nmaximum buffer tine. Data wll then be lost as the
anenoneter overwites its earliest records.

14



The rest of this section contains a details how the serial
interface functions and is intended for users who wish to wite
their own interfacing software. However if this is not required
the user can sinply use the FASTCOM EXE programe supplied with
the unit. Al serial interface functions will then be taken
care of and the follow ng section can then be safely ignored.

GENERAL | NTERFACE SPECI FI CATI ON

The serial link fromthe anenoneter to the PSIU uses a standard
RS422 format. The transmission format is 1 start, 8 data and 1
stop bits. The baud rate can be set to 4800, 9600 or 19200 via
a serial interface command (see below). The PSIU converts the
RS422 output levels to RS232 output |evels wthout affecting
the baud rate or bit lengths. This RS232 signal can be fed
directly into nbst conputers via the conputer connector of the
PSI U.

The PSIU interface is bi-directional. The direction of the
comuni cations is controlled by the RTS line from the conputer
to the PSIU (pin 4 of the PSIUs conputer connector). This nust
be pulled to the RS232 LOW state (ie nomnally -12V) to enable
the anenoneter to transmt to the conputer. Wen it is required
to transmt a command to the anenoneter the line should be set
to the RS232 high state. The timng considerations involved in
this procedure are di scussed bel ow.

GENERAL FORVAT OF ANEMOVETER DATA TRANSM SSI ONS

Al transmissions from the anenoneter have the sane general
format. Transm ssions mnmust be processed as a series of two byte
binary integers. The first integer to be transmtted (ie bytes
1 and 2) will be the binary integer hex 8181 (-32383). This
signifies the start of transmssion and is a value that cannot
occur el sewhere in the data. The second integer (ie bytes 3 and
4) will be the record nunber. This is increnented every tine a
completer record is transmtted and enables the user to check
that no records have been m ssed. Wen it reaches 10000 it w |l
be reset to O.

The rest of the transmission consists of the wind and (if
activated) anal ogue input data. In nodes 1 and 2 the speed data
is in 4 integer packets, the four integers being the three
vector velocities (ie/ u,v, and w) and a speed of sound
paraneter. In nodes 3 and 4 the speed data is in 6 integer

15



packets and consists of the six "raw' transit tines neasured by
the anenoneter. |If the analogue inputs are activated then
integers containing the analogue input information wll be
appended to each speed packet.

16



In nodes 1 or 2 if no analogue inputs are activated the total

nunber of integers in a packet will be 4. If analogue inputs
are activated this nunber will be 4 + the nunber of active
i nput s.

In nodes 3 or 4 if no analogue inputs are activated the total
nunber of integers in a packet will be 6. If analogue inputs
are activated this nunber will be 6 + the nunber of active
i nput s.

The nunber of these speed packets present in a transm ssion can
vary according to the node of operation. In continuous node it
will be one, in unpronpted nodes 1 to 3 it wll be 20, in
unpronpted node 4 56, and in pronpted node it wll vary
according to the interval between "transmt data"” conmands but
could be as many as 3750 records. Therefore to detect when the
transmssion is conplete the integer hex 8282 (-32126) is used
as an end of transm ssion marker. This nunber cannot occur in
the speed data and therefore when it is received the conputer
can conclude that the transm ssion is conplete.

The format of a transmission is detail ed bel ow -
UVW TRANSM SSI ON

(MODE 1 AND 2)
NO ANALOGUE | NPUTS ACTI VATED

BYTE PCSI TI ON RANGE OF VALUES DESCRI PTI ON

Bytes 1 and 2 HEX 8181 = -32383 Start of tx control
character

Bytes 3 and 4 0 - 10000 Record Nunber (See Bel ow)
Bytes 5 and 6 -10000 - 6000 U Speed 1

Bytes 7 and 8 -10000 - 6000 V Speed 1

Bytes 9 and 10 -10000 - 6000 W Speed 1
Bytes 11 and 12 -10000 - 18500 Speed of sound 1

Bytes 13 and 14 -10000 - 6000 U Speed 2

Bytes 15 and 16 -10000 - 6000 V Speed 2

Bytes 17 and 18 -10000 - 6000 W Speed 2

Bytes 19 and 20 -10000 - 18500 Speed of sound 2
etc. for speeds 3 onwards ...

End of transm ssion

17



HEX 8282 = -32126

The first integer is the start of tx control character hex
8181.

It is not possible for this value to occur elsewhere in the
transm ssion because of the limtations of the other integer
val ues.

18



The second integer is the record nunber. This is sinply a count
that is incremented every transm ssion.

The next three integers contain the first u v and w speeds. The
integers represent the speed in units of 1/100ths of a ms ie.
a value of 100 represents a speed of 1.00 m's.

The next integer is the speed of sound in 50ths of a meter per
second ie. a value of 17000 represents a speed of sound of
340.00 m's. These units were chosen to fit in with the maxi mum
val ue of a signed integer (32767).

For all four of these values if sone fault on the anenoneter
prevented a valid speed from being calculated (eg if something
is blocking the ultrasonic paths) a value of -10000 wll be
transmtted to signify an invalid result.

After a variable nunber of these speed packets the end of
transm ssion integer HEX 8282 is transmtted.

UVW TRANSM SSI ON
(MODE 1 AND 2)
2 ANALOGUE | NPUTS ACTI VATED

BYTE PCSI TI ON RANGE OF VALUES DESCRI PTI ON

Bytes 1 and 2 HEX 8181 = -32383 Start of tx control
character

Bytes 3 and 4 0 - 10000 Record Nunber (See Bel ow)
Bytes 5 and 6 -10000 - 6000 U Speed 1

Bytes 7 and 8 -10000 - 6000 V Speed 1

Bytes 9 and 10 -10000 - 6000 W Speed 1

Bytes 11 and 12 -10000 - 18500 Speed of sound 1
Bytes 13 and 14 0 - 5000 Anal ogue i nput 1 count
Bytes 15 and 16 0 - 5000 Anal ogue i nput 2 count
Bytes 17 and 18 -10000 - 6000 U Speed 2

Bytes 19 and 20 -10000 - 6000 V Speed 2

Bytes 21 and 22 -10000 - 6000 W Speed 2

Bytes 23 and 24 -10000 - 18500 Speed of sound 2
Bytes 25 and 26 0 - 5000 Anal ogue i nput 1 count
Bytes 27 and 28 0 - 5000 Anal ogue i nput 2 count

etc. for speeds 3 onwards ...

19



End of transm ssion
HEX 8282 = -32126

The transm ssion is the sane as above with the addition of the
anal ogue input integers. These represent the voltages on the
input pins in nV. A value of 1257 thus represents 1.257V.

TRANSI T COUNT TRANSM SSI ON
(MODE 3 AND 4)
NO ANALOGUE | NPUTS ACTI VATED

BYTE PCSI TI ON RANGE OF VALUES DESCRI PTI ON

Bytes 1 and 2 HEX 8181 = -32383 Start of tx control

character

Bytes 3 and 4 0 - 10000 Record Nunber (See Bel ow)

Bytes 5 and 6 -10000 - 15000 Transit count top to bottom
axis 1.

Bytes 7 and 8 -10000 - 15000 Transit count bottomto top
axis 1.

Bytes 9 and 10 -10000 - 15000 Transit count top to bottom
axis 2.

Bytes 11 and 12 -10000 - 15000 Transit count bottomto top
axis 2.

Bytes 13 and 14 -10000 - 15000 Transit count top to bottom
axis 3.

Bytes 15 and 16 -10000 - 15000 Transit count bottomto top
axis 3.

etc. for speeds 2 onwards ...

End of transm ssion
HEX 8282 = -32126

The first two integers are the sane as for the UYWtransm ssion
ie/ the start of tx control character and the record count.

The next six integers contain the six transit counts. The
counts represent the tine taken for the ultrasonic pulse to get
from one transducer to another in 29.4912 Mz counts. A count
of 13000 therefore corresponds to a transit time of 440.81 uS.
The counts are always transmitted in the order top to bottom
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axis 1, bottomto top axis 1, top to bottom axis 2, bottomto
top axis 2, top to bottomaxis 3, bottomto top axis 3.
If an wultrasonic fault occurs on any of the axes the two

transit counts for that axis will be set to a value of -10000
to signify an invalid result. The transit counts for the other
axes will be transmtted as nornal .

After a variable nunber of these speed packets the end of
transm ssion integer HEX 8282 is transmtted.
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TRANSI T COUNT TRANSM SSI ON
(MODE 3 AND 4)
3 ANALOGUE | NPUTS ACTI VATED

BYTE PCSI TI ON RANGE OF VALUES DESCRI PTI ON

Bytes 1 and 2 HEX 8181 = -32383 Start of tx control

character

Bytes 3 and 4 0 - 10000 Record Nunber (See Bel ow)

Bytes 5 and 6 -10000 - 15000 Transit count top to bottom
axis 1.

Bytes 7 and 8 -10000 - 15000 Transit count bottomto top
axis 1.

Bytes 9 and 10 -10000 - 15000 Transit count top to bottom
axis 2.

Bytes 11 and 12 -10000 - 15000 Transit count bottomto top
axis 2.

Bytes 13 and 14 -10000 - 15000 Transit count top to bottom
axis 3.

Bytes 15 and 16 -10000 - 15000 Transit count bottomto top
axis 3.

Bytes 17 and 18
Bytes 19 and 20
Bytes 21 and 22

- 5000 Anal ogue input 1 count
5000 Anal ogue i nput 2 count
- 5000 Anal ogue i nput 3 count

oNeoNe
1

etc. for speeds 2 onwards ...

End of transm ssion
HEX 8282 = -32126

The transm ssion is the sane as above with the addition of the
anal ogue input integers. These represent the voltages on the
input pins in nV. A value of 1257 thus represents 1.257V.

SENDI NG COMVANDS TO THE ANEMOMVETER

Al'l conmmands from the conputer to the anenoneter consist of two
identical ascii characters, the second character being sent as
a check. The characters nust be sent one inmmediately after the
other. If the anenoneter receives a single character and then
does not receive the second characters within 50ms it wll
di scard that character and wait for another identical pair.

In the case of a command that wll cause the anenoneter to
carry out a transm ssion the anenoneter will wait for at |east
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10n5 after the second character of the command is received
before transmtting its data. The conputer nust thus swtch
fromtransmt to receive within this 10nS. NOTE: - ensure that
the second command character has finished transmtting before
switching the conputer to receive. This will occur sone tine
after the transmt data register enpty flag is set, as this
flag is set when the last character is transferred to the
transmt shift register. Either allow for one conplete
character transmssion time after the transmt data register
enpty flag is set, or use the transmt shift register enpty
flag (if avail able).

When an anenoneter has finished a transmission it will wait for
up to 7nS5 before switching to receive. The conputer nust
therefore wait at |east 8nS after receiving data from the
anenoneter before transmtting a further command ot herw se that
command wi Il not be received.

| f the anenoneter is operating in the unpronpted node ie/ it is
transmtting its data automatically every second, to ensure
that a command is received by the anenoneter it is necessary to
first wait for the anenonmeter to carry out a transm ssion and
then transmt the conmand imediately after that transm ssion
(having allowed at least 8nS for the anenoneter to switch to
receive). If this is not done and the command is transmtted
whil st the anenoneter is itself transmtting that command wl|
not be received.

ANEMOVETER COMVANDS

(1) SELECT MODE 1 OPERATIQN, COWAND "1','1'.

To select Mbde 1 operation the conputer nust send two ascii one
characters to the anenoneter. Mde 1 operation is known as
CALI BRATED UVW The unit outputs the U V and W conponents of
the wind velocity together with a speed of sound paraneter at a
21 Hz update rate on both digital and anal ogue outputs. These
vectors are calibrated according to the instrunents own
internal calibration table.

(2) SELECT MODE 2 OPERATIQN, COWAND '2','2'.

Mode 2 operation is known as UNCALI BRATED UVW In this node the
instrunent still outputs the U V and W conponents at 21 Hz on
both the digital and analogue outputs, but they are not
calibrated by the instrunent's own internal table.

The speed of sound output is the sane as for MODE 1 operation.
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(3) SELECT MODE 3 OPERATIQN, COWAND ' 3','3'.

Mode 3 operation is known as TRANSIT COUNTS. In this node the
instrunent directly outputs the six transit counts derived from
the three axes. This is done on the digital output only, the
anal ogue outputs being left inactive. The update rate is 21Hz
as before.

The transit counts are nomnally adjusted for delay but no
other calibration operation is carried out.
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(4) SELECT MODE 4 OPERATIQN, COWAND '4','4'.

Mode 4 operation is known as FAST TRANSI T COUNTS. This node is
the same as MODE 3 except the output rate is 56 HZ instead of
21Hz. This is achieved by averaging together the results from
just three firings and outputting them (The output data in
nodes 1 to 3 is produced by averaging the data from8 firings).

Note that in this node the cons baud rate nust be set to a
higher rate than the default 4800 as otherwise it wll take
longer to transmt the data than to gather it. This will cause
a lock up situation in unpronpted node, and an ever increasing
transmt time in pronpted node (see bel ow).

(5) SELECT PROWTED MODE, COWAND 'P','P' .

SELECT UNPROWPTED MODE, COWAND 'U ,'U .

TRANSM T CONTENTS OF DATA BUFFER, COWAND 'T','T'.
The '"P and 'U comands are used to switch the anenoneter
between prompted and unpronpted transm ssion node. The 'T
command is used to cause the anenoneter to transmt the
contents of its buffer when in pronpted node.

(6) SELECT 4800 BAUD, COWAND 'L',"'L'.

SELECT 9600 BAUD, COMVAND 'M,' M.

SELECT 19200 BAUD, COWAND 'F','F'.
These command are used to set the baud rate of the instrunent.
The faster bauds rate will be useful when comunicating wth
nore than one anenoneter from the sane conputer. Wen operating
in node 4 the baud rate nust be set to at |east 9600 to cope
with the extra data.
Qoviously once the conputer has sent the change baud rate
command it nust then immediately change the baud rate of its
own interface.

(7) SYNCHRONI SE ANEMOMETER, COMWAND 'S','S'.

This command can be used to synchronise the operation of a
group of anenonmeters. Wien the command is received the
ultrasonic firing cycle of the instrunent is reset to its start
val ues, and the record count is set to O.

(8) SWTCH ON ANALOGUE | NPUTS, COVMANDS '5','5' - '9','9

These commands are used to switch on the required nunber of
anal ogue inputs. The nunber of inputs that are switched on is
the command nunber - 4. Thus command '5" wll switch on
anal ogue input 1 only, '6" wll switch on 1 and 2 etc. up to
command '9" which will switch on all 5 inputs.
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(9) SWTCH OFF ANALOGUE | NPUTS, COMVAND ' 0',' O
This command switches off all anal ogue inputs.
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3.6 SPECI FI CATI ON OF FASTCOM EXE

Three programres are supplied with the anenoneter: -

Fastcomexe is the main comunications programe. Fastcom
allows a PC or true conpatible to comunicate with the Gl
Research Anenoneter. It will take care of all serial interface
and format considerations and store anenoneter data on disk in
a predefined binary format.

Convert.exe is used to convert the binary data files output by
fastcomto an easier to handle ascii format (see 3.7 bel ow).

Msherc.com is only of interest to users who have a PC with a
hercul es graphics system |In this case this programe nust be
run before fastcomto |oad a hercules graphics driver. If this
is not done errors wll occur when displaying sone of the
fastcom graphics screens. A call to nsherc from the conputers
aut oexec.bat file can be used to avoid having to call the
programre each tinme fastcomis run

Fastcom can either be run in comand line entry node or
operator entry node. The conmand |ine entry node involves
entering all the paraneters associated with the comunications
on the command line. The progranme will then carry out the data
collection operation as specified by the paraneters, and no
display output wll occur. This node enables fastcom to be
cal l ed from anot her programe.

If no command Iline paraneters are entered or incorrect
paraneters are entered fastcom will operate in operator entry
node. In this node nenu screens will appear and the operator
will control the operation of the anenoneter and collection of
data fromthe conmputer keyboard.

N.B. If the P.C. used has a hercules graphics nonitor and the
programe is being used in operator entry node the user should
run the programe NMSHERC. COM before running fastcom If this is
not done errors will occur on the sonme of the fastcom graphics
Screens.

3.6.1. STARTUP

The program is run by entering FASTCOM with the anenoneter
connected to the COML serial port. If the correct nunber of
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paraneters are entered after fastcom the programme will run in

command |line entry node. OQherwise it wll run in operator
entry node. In either case the initial procedures for
establ i shing the communications link will be the sane.

28



On startup fastcom assunes that the anenoneter is operating
unpronpted and in node 1 at 4800 baud. An attenpt is thus first
made to establish comunications with the anenoneter at 4800
baud. If this is not successful, fastcomtries to recover the
situation by sending the "set baud rate to 4800" command at
9600 baud followed by the "Operate in node 1" comand and
" Unpr onpt ed"” conmand. | f conmuni cations are still not
establi shed fastcom tries sending the "set baud rate to 4800"
command at 19200 baud, followed again by "Qperate in npde 1"
and "Unpronpted". This sequence should recover the cons |ink
from any situation. |If however the link has still not been
est abl i shed the follow ng nessage is displayed.

"Error: Cannot conmmunicate wi th anenoneter"

Once conmmuni cations are established the anenoneter is sw tched
to pronpted operation. FASTCOM al ways operates the anenoneter
in pronpted node, ie/ the anenoneter only transmts the data
when the conputer requests it.

The operation of the programme now di verges dependant on wet her
it isin command |line entry node or operator entry node.

3. 6.2 COWAND LI NE ENTRY
The command line entry format is as follows: -

fastcom <filename> <node> <baud rate> <nunber of readings>
<nunber of active anal ogue i nputs>

Fil ename specifies the nane of the file in which to store the
dat a.

Mode (1-4) specifies the anenoneter’'s node of operation.

Baud rate specifies the baud rate to be used for the cons: -

1 = 4800 baud
2 = 9600 baud
3 = 19200 baud.

Nunber of readings specifies the nunber of speed readings to be
st ored.
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Nunber of active analogue inputs specifies the nunber of
anal ogue inputs that are to be switched on.

Fastcom first switches the anenonmeter to the baud rate and node
of operation specified. The specified nunber of anal ogue inputs
are activated. Aresult file is opened with the specified nane.
The specified nunber of results are gathered and stored
together with anal ogue readings from the specified inputs (if
any) and the file is then closed. The anenoneter is then
switched back to node 1, 4800 baud, unpronpted operation. The
programe then exits.

Thus the following conmand |ine would store 1024 sets of six
transit times gathered at 56Hz (ie node 4 operation) in file
tenp.dat. Three anal ogue inputs would al so be nonitored and the
data stored al ongside the w ndspeed data in the file. The baud
rate enpl oyed woul d be 9600.

fastcomtenp.dat 4 2 1024 3.

3. 6.3 OPERATOR ENTRY

If the correct conmand |ine paraneters are not entered fastcom

wWill run in operator entry node. The progranme will first set
the anenoneter to operate in the node and baud rate that were
used when fastcom was last run and will also activate the sane

nunber of analogue inputs (this information is stored in file
" FASTCOM DAT") .

The first nenu screen will then appear.

As nmentioned above whilst running fastcom the set up
information (ie the node, baud rate and nunber of activated
inputs) is saved in fastcomdat. Upon exit fastcom wll
automatically set the anenoneter back to operating in node 1,
4800 baud and wunpronpted. This ensures that the next tine
fastcom is run comunications will be established imediately
at 4800 baud. The anenoneter will then be switched back to the
node, baud rate and input configuration stored in fastcom dat.
This overall schene should be invisible to the operator. As far
as the wuser is concerned whenever a node of operation is
selected via fastcomthen fromthat point onwards the same node
will automatically be selected each time fastcomis run.

3.6.4. MENU OPTI ONS
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The mai n nmenu provi des 6 options.

Tabul ar data di spl ay

G aphi cal data display
Data col | ection

Mode/ Anal ogue | nput sel ect
Baud rate sel ect

Exi t

oAk wWN R

Menu sel ections are made either by noving the highlighted bar
to the option required and pressing return or (in the case of
Hercules nonitors) typing the nunber associated wth the
option.

Menu option 1:- Tabul ar data display

Fastcom continually requests data from the anenoneter. This
option displays the data in tabular form with a scrolling
display as it is received. The format of the display depends on
the node selected. In nodes 1 and 2, the display shows the U, V
and W speeds and the speed of sound, all in nis. In nodes 3 and
4 the display shows the six transit counts. The counts are
shown in the order top to bottomaxis 1, bottomto top axis 1,
top to bottom axis 2, bottomto top axis 2, top to bottom axis
3, bottomto top axis 3.

| f any analogue inputs are activated they will appear on the
right hand side of the display. The nunber shown is the reading
in nV.

Menu option 2:- G aphical data display

This option is only avail able when using node 1 or node 2. The
di splay shows the U, V and Wvalues and al so gives a cal cul ated
direction and magnitude. If being run on a PC with a hercules

nmoni tor the progranme MSHERC nust be run before this screen can
be accessed (see above).

Menu option 3:- Data Collection
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This option allows data collected from the anenoneter to be
saved to disk. The user is first pronpted for a filename, then
for a nunber of speed readings to collect. Data is then saved
to disk as it is collected, with the nunber of speed readings
left to collect being indicated at the top right of the screen.
If a value of 0 is entered as the nunber of speed readings to
collect, then data is collected until the data collection
screen is entered again. In this case, the nunber at the top
right of the screen is the nunber of readings coll ected.

The data is stored in a binary format in order to save disk
space. A programme (convert.exe) is provided to convert files
to an easier to handle ascii format if required (see bel ow).

Menu option 4:- Mde/ Anal ogue | nput sel ect

This screen enables the user to select the node of operation
and the nunber of active analogue inputs. There are 4 nodes
avai |l abl e as described in section 3. 1.

Mode 1 gives calibrated UYWval ues

Mode 2 gives uncalibrated UYW val ues

Mode 3 gives transit counts with a collection rate of 21Hz
Mode 4 gives transit counts with a collection rate of 56Hz

Mode 4 can only be selected if the baud rate is higher than
4800 baud.

Any nunber of anal ogue inputs between 1 and 5 can be sel ect ed.
Once activated the anal ogue readings will be appended to each
speed readi ng taken.

Menu option 5:- Baud rate sel ect

This option allows selection of the three baud rates avail abl e,
4800, 9600 or 19200 baud. 4800 baud cannot be selected if the
anenoneter is operating in node 4.

Menu option 6:- Exit

This option saves the current node, baud rate and input

configuration in the file "FASTCOM DAT" before exiting the
program

3. 7 CONVERT. EXE
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This program is used to convert the files produced by FASTCOM
to an ascii format. The nanes of the data file and ascii file
are entered on the command | i ne

convert <data file nanme> <ascii file name>

The program will produce a file which contains the node that
the data was collected, the tine and date of collection and
then the data, eg/

Mode = 1
Tinme 11:40: 07 Date 08/28/90

0.07 -0.07 0.16 349.54

0.04 0.01 0. 10 349.56
etc.
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4. PERFORVANCE SPECI FI CATI ON

4.1. Measurenent Characteristics.

W ndspeed Range 0-60 ni s.

W ndspeed Accuracy (10 second average) <30m's £1.5%
>30m's 3%

W ndspeed of f set +0. 02m' s

| nst ant aneous Accur acy <30m's 3%

(I'ncident wind not within x15° of spar)

Direction Accuracy (10 second average) <30nfs £2°
>30nm' s £3°

U trasoni c Sanpling Rate per vector set 168 per second

Serial Qutput Update Rate 21/ second.

Anal ogue Qut put Freguency Response 10 Hz

Transit Time Accuracy <30nf s £0. 5%

Accuracy specification applies from 5°C to 35° and for wnd
incidence within £10°f horizontal. Operation not recomended
Wi th wind incident nore than +30° from hori zontal .

4.2. Environnental .

Qperational tenperature range -20°C to 50°C

St orage tenperature range -40°C to 75°C

Al titude 0 to 3000m

Hum dity RH range 5% 100%
Precipitation Qperation maintai ned up to 300mi hr.

Sui tabl e for exposure to marine
envi ronment .

4.3. Electrical characteristics.

Anenonet er supply 9 to 30 Volts DC
at connector.
Anenponet er current 150mMA nax.
Prot ection All circuits in main connector
protected to 1 Joule transient
ener gy.
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4. 4. |Interface.

Connectors. Main: 10way socket Hirose RML5WR- 10S.
Auxi liary: 8way socket Hirose RMI5WR- 8S.
Anal ogue out puts (4) 0-5V 1ibits.
Anal ogue out put speed range +30m's or *60m's
Qut put i npedance 500 ohns.
Serial data RS422. 4800 baud. 1 start,

8 data and 1 stop bits.
Auxi liary anal ogue inputs (5). 0 to 5 V. 1lbits.
Sampl ed 10 tines
per second.

4.5. Physical .

Si ze 750mm H. 240mm Di a.
Wi ght 1kg.
Ext ernal netal work Anodi sed al um ni um

all oy. Stainless
steel fixings.
Transit pack 900*300*300nm 3kG

4.6. Main Connector Pin Allocation
Pi n Nunmber Si gnal Nane

+V supply
Serial -

Serial +

Si gnal G ound
Anal ogue CQut put
Anal ogue CQut put
Anal ogue CQut put
Anal ogue CQut put
-V Supply
Chassi s

SQwowo~NOOOUT,, WN PR
Wk AN

[EEN

35



4.7. Auxiliary Connector Pin Allocation

Pi n Nunber Si gnal Nane
1 Anal ogue i nput 5
2 +V supply
3 Si gnal G ound
4 Anal ogue i nput 2
5 Anal ogue input 1
6 Anal ogue i nput 3
7 Anal ogue i nput 4
8 -V Supply
This  product range is in continuous devel opnent and

specifications are subject to change w thout noti ce.
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5. LI NK OPTI ONS

A link is on when it is in the position nearest the processor,
ie. towards the top of the board. A link is off when it is in
the position farthest fromthe processor ie. towards the bottom
of the board.

LINKS 2 and 3 Control the power up node of operation.
(see section 3.1).

LINK 2 OFF, LINK 3 OFF Anenonet er powers up in node 1.
LINK 2 ON, LINK 3 OFF Anenonet er powers up in node 2.
LINK 2 OFF, LINK 3 ON Anenonet er powers up in node 3.
LINK 2 ON, LINK 3 ON Anenonet er powers up in node 4.
LINK 4 OFFD to A output range +/-30m's

LINK 4 ON Dto A output range +/-60nms

LINK 5 OFFD to A output 4 indicates speed of sound

LINK 5 ON Dto A output 4 set to 2.50V reference
LINK 6 OFFBl ock format serial output

LINK 6 ON Conti nuous format serial output

Unl ess ot herwi se specified by the custonmer the above links wll
be set to OFF as a default. However links can be set to
what ever is required by the custoner. The link settings on your
i nstrunent are shown bel ow -

| NSTRUMENT SERI AL NUMBER : - R

LINK 2 : -

LINK 3 : -

LINK 4 :

LINK 5 : -

LINK 6 : -
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6. POAER SUPPLY AND | NTERFACE UNI T

SPECI FI CATI ON

A. C. SUPPLY 100- 120V OR 200- 250V Swi tch Sel ect abl e
10 VA
D. C. SUPPLY ANEMOVETER 10-30 V D.C.  150mA nex.

| NTERFACE 8-15 V D. C S50MA naex.

PROTECTI ON An earthing stud is provided. Wen locally
earthed this provides protection to 1 Joule
of transient enerqgy.

Anenonet er Connect or 15 Way D Type
Pi n Nunmber Si gnal Name
1 Screen
2 } Anenonet er Supply V-
3 }
4 Anal ogue Qutput 2
5 N C
6 Anal ogue Qutput 4
7 } Anenonet er Supply V+
14 }
8 Serial B
9 } Si gnal GN\D
10 }
11 Anal ogue Qutput 1
12 Serial A
13 Anal ogue Qutput 3
15 Anal ogue GN\D
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Anal ogue CQutputs 9 Wy D Type

Pi n Nunmber
3 Anal ogue Qutput 1
4 Anal ogue Qutput 4
5 Anal ogue G ound
8 Anal ogue Qutput 2
9 Anal ogue Qutput 3
PC Connect or 25 Way D Type
Pi n Nunmber
1 Screen
2 RX Dat a
3 TX Dat a
4 RTS
5 CTS
6 DSR
7 Si gnal Ground
8 DCD
20 DIR
D. C. SUPPLY
Cabl e Connector : Anphenol C91A Screw Lock 4 Way Socket
Part No. T3301-001 (STC No. 0326200
Pi n Nunmber
1 Interface V +
2 Interface V -
3 Anenmoneter V -
4 Anenoneter V +
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View O Interface

Unit Plug

The wunit is fitted with separate D.C. supply connections for
t he anenoneter and for the serial comunications adapter. This
all ows operation with a wide range of cable lengths. For short
cable lengths the anenoneter nmay be operated wth these
suppl i es conmoned.

Exanpl e

50m | ength of standard cable (STC PS6P22).

Supply voltage drop along this cable is 0.5 V nmaxi num in each
direction (Total supply voltage drop 1 V).

Supply voltage drop of D.C. power supply = 1 V naxi num

D.C. supply at anenoneter = 9 V m ni mum

The anenoneter will operate with a common D.C. supply to the
anenoneter and adapter in the range 11 Vto 15 V.

Note that in this exanple OV at the anenoneter is up to 0.5 V

above signal ground at the interface wunit (and PC if

connect ed).

Vol tage difference between anenoneter and interface unit ground

nmust not exceed 2V.

Anal ogue outputs nust be neasured relative to anal ogue ground.
I f anal ogue ground is required to be at the same potential as

signal ground at the adapter, separate isolated D.C supplies

nmust be used for the anenoneter and the interface unit.
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7. | NSTALLATI ON
7.1. Cenera

A suitable nounting surface should be prepared, according to
the details in diagram 1012-K-096. The anenoneter is secured by
four M4 screws and washers, using nuts or tapped holes in the
mounting surface. A nounting kit is supplied, containing
stainless steel screws, washers, nuts, and a neoprene gasket.

7.2. Sealing

The anenoneter is fully sealed against water ingress over all
exposed parts. The connector conpartnent is expected to be
protected against direct water ingress and the instrunment is
deliberately vented in this area to avoid unnecessary pressure
buildup. It is vital that the instrunent is sealed to the
mounting surface by use of the rubber gasket, wth extra
sealant enployed if the nounting surface is not snooth. The
design of the nmounting should be such as to avoid direct
exposure of the connector area, although the connectors
thenselves are sealed when mated. Fit +the blanking cap
(supplied) to the auxiliary connector if this is not used.

7.3. Alignnent

The instrunment base has slotted fixing holes permtting +/-5°
rotation for alignnment. To avoid damage to these slotted holes,
washers nust be used under the screw heads (or nuts, if the
screws are fitted from below). One of the fixing holes points
North (or other reference direction).

7.4. Corrosion

The instrunment nounting base is anodised alum nium alloy and
careful note should be taken of the possibility of galvanic
corrosion by incorrect nounting. It is WVMTAL that only
stainless steel fixing screws and washers are used, and that
the instrument is insulated from the netal of the nounting
surface wth the rubber gasket. This system will be entirely
satisfactory for long term mari ne exposure.

REM NDER Only conpatible netals can be allowed to cone into
contact wth the anenmoneter (alumniun) netal work; e.g.
Stainless steel, alum nium
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7.5. Earthing.

The anenoneter nmetalwork is isolated fromthe el ectronic system
ground, and can float by up to 10 volts. The netalwork is
intended to be locally grounded via the nounting, and this is
essential for the internal protection barrier to be fully
effective. This ground is connected to the cabl e screen.

7.6. Power Supply and Interface Unit

This unit is not sealed and is intended for use in a protected
envi ronment .
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APPENDI X A

ANEMOVETER CALI BRATI ON SYSTEM

Two files containing calibration data are included on the
programre disk. These are intended as a guide to help the user
to calibrate the anenoneter when operating in any node other
t han 1.

GENERAL CALI BRATI ON SYSTEM

The calibration system is used to correct the u, v, and w
vectors for variations that occur as a function of direction.
For exanple when a strut is upwi nd of the nmeasurenent area the
measured horizontal magnitude will decrease typically by around
7 percent. The ratio of u to v wll also be altered very
slightly by the anenoneter giving perceived errors in the
direction. The vertical wi nd conponent will tend be shaded by
the transducers when the transducer is in line wth the
vertical conponent.

As a result four calibration tables are required:-

(1) direction_calibration_ table is used to correct the ratio of
the u and v vectors ie/ to correct any direction error in the
hori zontal vector.

(2) Once the direction calibration has been carried out
magni tude_cal i bration table is wused to correct the overal
magni t ude of the horizontal vector

(3) up_wcalibration table is used to correct upwards w vectors
(ie/ if wis positive this table is used).

(4) down_w calibration_ table is used to correct downwards w
vectors (ie/ if wis negative this table is used).

Two w calibration tables are necessary because the shading of
the vertical vector when the flow is upwards is different from
when the flow is downwards.
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CALI| BRATI ON CALCULATI ONS

Al calibration factors are indexed relative to the apparent
hori zontal direction of the wind. The first stage of the
standard calibration procedure is thus to use u and v to
calculate this angle in whole degrees. The direction is
expressed as a standard conpass direction relative to the north
strut (see diagram 1012-K-055). For exanmple if the u vector is
positive and the v vector is O this neans that the wind is
comng froma direction of 330. If the u vector is zero and the
v vector positive the wind is comng froma direction of 60.
The formula for the direction calculation is atan(v/u)-30
degrees. Note that it is the UNCORRECTED direction that is used
for indexing all the calibration tabl es.

Each of the four calibration tables consists of 361 calibration
factors. The horizontal angle expressed as a whole nunber of
degrees is wused as an index to retrieve the relevant
calibration factors. Thus if the horizontal angle is 0 the

first element in each table will be retrieved, if the angle is
274 degrees then the 275th elenment of each table wll be
retrieved.

Al'l calibration calculations are carried out by nultiplying the
required vector by the nunber in the table and then dividing by
65536. This is done because decinmal 65536 is hex 1000, and
therefore dividing by 65536 can be achieved by a sinple shift
operation. A calibration nunber of 65536 thus corresponds to a
calibration factor of 1.00. 71072 corresponds to 71072/ 65536 =
1.08447. 58089 corresponds to 58089/ 65536 = 0. 88637.

DI RECTI ON CORRECTI ON

The direction correction calculation is of the form

u =u - Dv

vi = v + Du

where u and v are the neasured uncorrected vectors and D is the
calibration factor retrieved fromthe table.

For exanple if u was 8.00ms and v was -4.00: -

direction = atan(-4.00/8.00)-30 = 303.4 degrees.
(see di agram 1012- k- 0055).
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The 304th value in the direction correction table would be
accessed. If this was for exanple -550 the cal cul ati on woul d be

u' 8.00 - ((-550/65536) * -4.00)
-4.00 + ((-550/65536) * 8.00)

7.97
-4. 07

Thi s has changed the overall direction to 302.9.
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MAGNI TUDE CORRECTI ON

Once the direction correction has been carried out the value
retrieved from the nmagnitude correction_table is wused to
correct both the u' and v' vectors ie/

u'' wu'
v (%A

where u' and v' are the direction corrected vectors.
If we continue the exanple above the 304th value in the

magni tude_calibration table is retrieved (note that t he
UNCORRECTED direction is used for indexing all the calibration
factors). If this value was 69405 the new final values of u'’
and v'' woul d be: -

u'' = 7.97 * 69405/ 65536 = 8.44

v'' = -4.07 * 69405/ 65536 = -4.31

VERTI CAL VELOCI TY CORRECTI ON

If the w conponent is positive the relevant value from the
up_w calibration_table is used to correct the w vector. If the
w vector is negative the relevant value from the
down_w calibration table is used to correct the w vector

If we continue the exanple above if the w vector is -0.65 the
304th value in the down _w calibration table will be retrieved
If this value was 73693 the w vector woul d becone

w = -0.65 * 73693/65536 = -0.73.
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FI LE FORVATS

The horizontal calibration data is in file XXXXRCAL.H where
XXXX is the serial nunber of your particular anenoneter. The
vertical calibration data is in file WCAL.H These files are
part of the 'C |anguage source code which is actually used to
generate the progranme.

The format of the XXXXRCAL.H file is as foll ows: -

int an_serial nunber = 29;
| ong magni tude_cal i bration_tabl e[361] = {
71072 71035 71087 71139 71191 71243 71295 71380 71465 71550
71635 .........

........ 71146 71109
71072 };

long direction_calibration_table[361] = {
00100 00200 00300 00400 00500 00150 -0200 -0550 -0900 -1250
-0804 .........

........ 00662 00632
00602 };

The first line contains the anenoneter serial nunber.
This is followed by the nagnitude calibration_table and the
direction_calibration_table.

WCAL. H cont ai ns t he up_w calibration_table and

down_w calibration table in the sane fornat as the horizonta
t abl es.
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APPENDI X B

CALCULATI ON OF UVW VECTORS FROM TRANSI T COUNTS

This section details the equations used within the anenoneter

to calculate the U V and Wvectors fromthe six transit tines.

There are two stages to this calculation, firstly calculation
of the wvelocity vectors along each transducer axis, and
secondly a vector transformation into the standard U, V and W
axes. For a definition of the transducer axes see section 3.2.

CALCULATI ON OF AXI S SPEEDS

The transit times output are in 29.4912Whz counts. Transducer
and circuit delays (as neasured during the test and calibration
procedure) have already been deducted fromthese counts.

The equation used to calculate axis velocity av is

av = 0.5L/t1 - 0.5L/t2
Wiere L is the axis |ength.

Note that t1l is the top to bottom transit time (the first of
each pair as transmtted by the anenoneter) and t2 is the
bottom to top transit tine. Note that as transmtted by the
anenoneter and stored by fastcomexe the transit counts are in
this order: -

tl axisl, t2 axis2, tl axis2, t2 axis2, tl1 axis3, t2 axis3.

For maxi num accuracy L nust be neasured. Nominally the path
| ength between the transducer faces should be 0.149 netres, but
it will be found to vary slightly fromthis figure. See section
3.2 for a definition of which axis is which.

If we require av in nls, assumng L is in nmetres and t is in
29.4912Mhz counts the equation becones: -

av = 0.5L*29491200/t1 - 0.5L*29491200/t2

Thus
av = L*14745600/t1 - L*14745600/t 2.

VECTOR TRANSFCORNMATI ON

al = axisl velocity
a2 = axis2 velocity
a3 = axis3 velocity
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St andard vector mathematics |leads to the foll ow ng equations: -

U velocity
V velocity
Wvel ocity

(2al - a2 - a3)/2.1213
(a2 - a3)/1.2247
(-al - a2 - a3)/2.1213

49



