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Abstract

The wind-data-acquisition system is a laboratory, experimental
equipment designed to accept wind information from up to 15 dusl-
channel wind sensors, instantaneously sample end convert this
information to dizitel form, and enter it onto a punched paper tape
in a format suitable for entry into an LGP-30 computer.

The results of tests carried out on the equipment indieate
that it cen be & very valuable research tool for conditions where
it is decirzble to obtain numerous data samples from various points
end act on the data, usin:; dizitcl-date-hendling techniques.
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WIND-DATA~ACQUISITION SYSTEM

PUKPOSE

The purpose of this report is to deseribe, and present recommendations
for, the use of an analog-to-digital converter and multiplexer which accept
myltiple inputs from various wind sensors and enter weighted values onto
punched paper tape. (Figures 1 through 9 are different views of the system.)

BACKGROUND

In the past, measurements of wind speed and direction were performed
by using various types of enemometers as sensors, with voltmeters and
recording oscillographs to receive end record the outputs. Using the volt-
meter method, only one sensor could be observed at a particular instant in
time; and the value received was subject to human es well as ecuinient error
which, in the case of wind susts, could be considerable. Another method,
that of utilizing recording oscillographs, wes far better for recording
actual instantonecous wind values; however, the system was adequate only for
the observation of 2 single point or at mostonly a few points in the wind
field.

In early 1660, personnel of the leteorological Division of USASRUL held
discussions to determinc the feasibility of using disitel-data-handling
techmiques in the acouisition of wind data. It was cujgested that these
technigues could be used 2s o scubstitute for end/or sunplement to the prasent
analoy technigues. The two featurcs affordins the moin adventeses for using
the digital-hsndine methods vould be thot instontoncous wind veciors covld
te obtained fer nurcrovs jointis of a wind field; end the cutput, instead of
havins to te Lranuzlly evelueted, would be in e fowrot cosratible to a suite
ably prosrammaed cencral-purpose diitel computer (in thic eose, Royel lielee's
LGP-30). Timg, by using the ai-itel-kondling technigues, e preat deal of
time could be coved in the tedicvs evaluation ané avercsinz of wind values
from nurerous unte sanyles. .

It wos dezided ot thece diccucscionc o include a diritzl system in the
tests bein, conducted under the pro rom for lou-level srinds for nissiles.
Thic prosram includes a seriez of tests of werious tyges of wind-neaswring
equiprzents ané evcluvatien technigues to determinz the opiinne. gystcm Lo be
used in the prediction of a particwlar surface condition near e ricsile-
launeh site. Therefore, using desin eriteriz fror this rroram, teelnicol
requirements for & "commercicl stendoré vind-dntaehondling subsysten,”
leter colled “wind-date-acguisition systen,” were prepared. In July 1060 o
purchase order wes pleced with C., 5. Dlectronies Corp. of Alrvuguergue, jev
liexico (a subsidiary of Gulton incdustriec), Zor two such wiits to be
delivered in Getover 1240, Tuis system ves to be used as 2 beexup and sup-
plenentary system for & more scyhisticated systen oeing built concurrently
by Stevid Division of Locid:ed Electronics., (The letter systenm is descrided
in a report entitled, “"Converter, inclos to Digitel CV-1043( )/3:," now be-
ing prepered.) ine tvo syctens ere nov inm operation at the USASRDL <ind
range in Belrar, liev Jersey.




*
i

f !
H
- .
.
¥ - _ S
- i
~ v

SERENNF AR
Pt

I

i iy
TewwTEREEE EBE

Fig. 1. Wind Data Acquisition System, Front view, showing complete unit.
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Fig. 2 Wind Deta Acquisition System. Rear view, showing complete unit.
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Front view, sbhowing analog to digitel

converter section with cover plate removed.

3. Wind Deta Acquisitien System.
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rig, 6. Wind Data Acquisition System, Rear ey,
mechanisn and eon%irol paucl,

showing punch
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Rear view, showing multiplexing relay

section with logic board penel down.

Wind Data Acquisition System.
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DESCRYPTION
general

The basic subsystem to he used during the tests consisted of those
components shovm in Fig. 10. The wind sensor can be any wnit that will give
a voltare of approximately 6 volts per #100 miles per hour wind-vector -
speed. The output tape of the punch is in six-level lexowriter code. An
electric typewriter is both input and output for the LGP-30 computer men-
tioned previously (Fig. 11).

The wind-data-scquisition system (Fig.12) is designed to simultanecusly
sample up to 30 data channels (15 two-channel sensors), and digitize the
analogz data in serial form. A front-panel switch selects the repetition
rate of the messages. The operator may select the number of sensors to be
scenned or can select a single channel for observation. The output message
is punched on o paper tape by & 60-chirecter-per-sccond punch, The tape
will contain a series of wind-speed values, in miles per bour to the nearest
tenth, together with prefix and suffix characters in six-level binary coded
decimal form suitable for entry into an LGP-30 general-purpose digital com-
puter. (Figurel3 shows a typical message.) A secondary output is the
visuel displey on the front panel which can monitor the sampled wind vector
of any one channel of a sensor.

Operation

The system has two modes of operation: manuel and automatic. In the
sutomatic mode the sempling and conversion cycle is initiated by & master
timer, while in the manual mode the cycle is initiated by an operator using
a frontepanel control. The number of sensors to be sampled in any messege
is limited by the specd with which the punch can operate. In the case of
the 60-character-per-second punch, only three sensors can be scanned end ,
recorded every second. The selecteble record rate intervels are 1, 2, 3, 6,
1z, and €0 seconds per messege.

When the system is initiated by the timer (see Fig.12), a UO-xc oscile-
lator manufactured by Philamon Corporation, the 30 dump relays (mercury.-
vetted) are closed, allowing data from the 15 sensors to be stored in the
sample~-and-hold circuits. These circuits consist of an R-C combination
baving & time constant of ten milliseconds. During this sample time (approxi-
mately 100 milliseconds) the prefix characters (Fizd3 ) are entered onto the
tape by command from the. interlock gate. At the end of the sample time, the
dunp relays are opened, disconnecting the inputs; and the mitiplexer relays
ectivate the sample-and-hold circuit of the first data chennel. This cir-
cuit is then connected to the analog-to-digitel converter section through a
high impedance, unity gain emplifier. The signal voltege is measured by & .
voltage comparator in binary decimal coded form. In approximately 100 micro-
seconds the A-D converter has transformed the wind-veetor voltage value into
o fourelevel binary coded decimel (B.C.D.) representation of miles per hour
1o the nearest tenth, Following this funetion, the four-level B.C.D. code
is changed to sixelevel Flexowriter code by means of & diode coding matrix.
Pollowing an appropriete time interval, which is controlled by the single-
shot cormand chain circuit (see Fip.12), the data are fed to the write gates
through buffer storage.
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Symbol
Lower case
Plus sign
Minus sign
Conditional stop
Space
Carriage return
0
1

Tape
sample

Fig, 11. LGP-30 Computer Code Used in Messages

[~V NV

x84 21y

[N N NN

13

Code
x82 41y

000 010
100 101
100 011
010 000
100 00!
001 000
000 001
000 011
000 101
000 111
001 001
001 011
001 101
001 111
010 001

010 011
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The followin;: ic the messase formmt used on the output topo:

_ Item ko, of Characters
prefix 1. Start of messa;e {lower case) 1
characters . s
z. MHessage count nuwnver 4
3+ Mota with sim b times number of
channels sampled
k., Computer control charscter
(conditional =ts;) 1
Pk < 5. Recordin: rate interval symbol 1
characters 0. Spare character (space) 1
\ 7. End of messa:e (carriere return - line feed) 1

.
the followin, shows vhat is included in & typical messa;e of three
sensors recorded at twe seconds per messa’e:

0001 + 007' + LZL' 4 00" + 377" + 005" + 366* 2

002:: + 003" 4 W3t + 006 + 366" + 00k' 4 siot

C"‘ 007" + 307" + 005" + _5211®
PN M=l S ¥

messa:e data fov dgte for sensor recordingg
count eross wind  range wind Ho. & rate symbol
number of sensor of sensor

Ko, X in No. 1 in

+mph amph

fig. 13, Vind-Deta~Acquisition System Messa.e Format




The murerical. values obtained by this process are then punched out in
serial form on & paper-tape punch. The muitiplexer then steps to the next
dsta charmel and the cyele i3 again repeated. VWhen the finsl chamnnel is
resched, as determined by the sensor selector switch on the fromt panel, the
rmultiplexer is sutomatically reset and the coded suffix charscters are then
gated to the punch gate circuits and onto the paper tape. The system 'will
then remain inactive until ancther record rate pulse is receis;e& from the-
mester timer.

Controls (Fig. 1h)

The output can be presented in itwo modes: the first and primary ocutput

mode is through s Telly, model 420, 60-character-per-second tape punich. The
second output mode is an in-line numerical display for visual monitoring.
This displsy msy be operated in elther of two modes: continuous monitoring
of the dats contained in the messajze formst or displaying the dats on come
mand, holding this value indefinitaly.

The sensor-scan Switeh enables the operstor to select the desired num-
ber of sensors for a particular messagze.

The time-interval switch determinss the rate at which data-recordings
take place. The time-interval switch and the sensor-scan switch settings
must be compatible with the punch speed. A caulion plate is provided 1o
assure this compativility.

The single~channel-operation switch allows the opersator io select one
perticular channel t0 be recorded instesd of all the channels.

The message-reset button is merely a system-reset button which, among
other functions, will reset the messaze count to 0000.

The manual read-out button, when used in conjunciion with the time=
interval switch, will allow the operator to initiate the recording eycle.

TESTS AND RESULTS

¥When the two systems vere first received, many deficiencies were found
in the ocutput message. These consisted primarily of inconsistent and inace
curate wind values. These deficiencies were allevisted by the contractor by
replacing the multiplexing relsys with an improved type and by adjusiment of
the various logic control timing functions, Until these modifications and
adjustments were made, comsistent or valid test data could not be obtained.

The test procedure to determine the operstional sceuracy of the wind-
dats converter consisted of two ses:tions' & static sccursey check and a
dyna.mic operational check.

The static-accmey checkconristed of supplying to the converter vari-
ous d.c. voltages from 20,000 to 5.57h volts, using a Kepeo, model Sidi,
precision d.c. voltage supply and a Fluke, model 803, d.c. differential volt-
meter. These voltages represented wind speeds from 200.0 to 299.9 miles per
bour. The converter operated on the signal and presented an output message

16
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on the paper tepe. Calibration voliages wers supplied to one connector (one
sensor) and subsequently to a number of comneciors representing s number of
simulsted data channels. The simulated date vere pregented on the punch-
paper tape which was reproduced in tabulated numerical form for evaluation.

The system accuracy vwas found $o be dependent on many factors such ss
different contact=-closure times for the mltipiexing relays and A-D cénverter
conversion error. The difference in recorded values between one channel and
gnother vas due to these factors. The greatest veriation from chennel 1 fo
channel 30 per sample wgs three counts, or 0.3 mph, with the sverage meximum
deviation of about 0.2 mph. Varistions in sccurascy alsc occurred with chang-
ing input sigpals. At wind speeds up to 40 mph, the varistion from one
‘ehannel of one sample to the next sample vas #0.1 mph, but fhese variations
oceurred infrequently. Above 40 mph the variation still remsined st 0.1 mph,
but its occurrence from one sample o the next was much more frequeni. An-
other slight variation in accuracy occurs when & pegative input voltege is

introduced. The maximm deviation for this condition, however, is only
-0 03- Triph. ’

Tests verse run at 105 volts and 125 volis, with no deteriorstion of
results.,

Figure 15 gives an illustration of a calibration-sccurscy test run at
115 volts for six different input signels, The detc alternate channels,
since this gives the meximuz cuange from one chemmel to the next ond thus the

greatest chance for errer. The input voltages are in proportion to #5.87h4
volis = £100.0 ziles per hour, as shovn belov.

Wind sneed Inmut voltaze
\REG) {volts
100.0 5.7+
23.0 4,63y
40.0 £.350
0.0 1.175
0.0 G.587.

These veliues are irue only for an input impedsnce of 100X ohnms.
The dynamic sccursey chets consisted of replacing the vrecision voltage
with & set ¢f +ind sensors and observin_ the cutpui message form. The basic

reeson for thirz test wa: to observe ine consistency and competibility of the
sensor erriy &nd the converter. .

Iuzerous long dzte samples {200 messages._pex sarmple) vere observed, and
the competinility of the system was edjudced to ve good. The convertier gave
& true represerczation of the condiiions present at the sensor. The consisti-
ency vas determined to e good for e digital system with no error-checiing
or error-correcuing cireuliry. Daring the tesis both unitis averajed avout
one error per 2,000 charecters outyui. The error, wher it occurred, vas
wsuslly & sizn or a condéitional stop character.

During the tests it was determined, and elso su-gested by the contractor,
=3 £ et 82 4

thet & calivration run should be mede on the equiruent biweesly, and eny
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conversion adjustments necessary be made at that time. This is necessary
because of the normal aging process and the unequal environmental conditions

- persisting vhere the equipment is located. :

The resulis of these tests confirmed thatl the system sccuracy iz satis-
factory, since the errors were well within the sppliceble toleronce renge. In
most cases the equipment funetioned more sstisfactorily thon was expected.
In any case, the equipnent is much more sccurate than the wind sensors now
in use and so will not add appreeisbly to the over-all system erxror.

CONCLUSIONS

The equipment, after the initiel adjustuent period, gave satisfactory
performance. The original accurscy required by the technical characteristics
vas 0.1 mph; however, during the tests it was found that some points fall
slightly outside this region. It was felt that since these points were so
infrequent and since they fell ouiside the usual range of measurement {in the
70~ to 100-mpb range)}, the equipment met the requiremenis.

Some trouble has cccurred with the (O-characters-per-second tape-panch
in one unit; however, this is due to a faulty part supplled by ihe punch
manufecturer. When this pert is repleced, the punch will function satis-
factorily. '

The equirment was turned over to personnel using the USASRIL wind range

- in May 1980, end it has been obtaining date since that time. During this

period no trouble has been reported; and no malinternance has been performed
other then the ususl spot-check of conversion accursey, and adjustment if
out of range.

It has been found that the squipment performs more reliably when used
frequently, and, after the initial bresk-in periocd, the components have gged
or adjusted to the cireuit in which they are placed.

It should be noted that, althaougzh the system operation given in the
deseriptlon is simple, there zre a large number of electronic courenents
invelved., In the lomicel-control and anzloz-to-digital-converter szetions,
there are 136 circuit boards, each of wnich contains en average of four
transistors with their ascociated circuits. ‘hen these are converted into
possible ervor arcas, the resson for the error rate bacomes chvious.
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