Constructional Project

WINDICATOR

ALAN WINSTANLEY —

LED to the bar for a good
measure gets you simply blowing

iNn the wind!

NE of the more entertaining and in-
Owresling requests which came the

author’s way recently was an ap-
peal for a wind speed indicator which had
to be reasonably accuratc but above all,
simple to build. Quite a tall order! A good
deal of experimenting has resulted in this
simple design — a project nicknamed the
“Windicaror™ — which the designer hopes
will fit the bill preciscly. Having shown the
design to many ordinary non-clecironics
folk, they have been quite fascinated to sce
this simple praoject in action, so it’s sure
to have a wide appeal and will be espe-
cially useful for its educational and interest
value.

You will probably have seen a wind
speed measuring device — an anemomeler —
in use at one time or afother, perhaps at an
airport or a weather station. Those rotat-
ing cups whizzing round at a fair lick are
propelled by gusts of wind from any di-
rection and the rotating shaft drives a
transducer to generate an electronic signal.
This data has to be decoded ultimately to
produce an intelligible measure of wind
speed, which requires precision measuring
cquipmendt.

This Windicator design 1s nol at all
intended to be a precision device although
the unit has been calibrated lo give a
surprisingly effective display of prevailing
wind speeds. It is puaranteed to provide
many hours of interest and entertainment
for all ages, being simple and fun to build -
and you don’l need a personal computer to
use it! :

Of great importance to mariners, the
Beaufort Scale is a measure of wind speed.
MNamed after the Royal Navy Admiral
Francis Beaufort (1774-1857), it was
accepted in the late 1800s and was further
adjusted in the 1920s to its present scale. A
scale of zero is classed as Calm whilst at the
other extreme, a reading of 12 sig-
nifies Hurricane Force, somelhing very
rarely witnessed in the United Kingdom,
mercifully!

The basic relationship between wind
velocities and the effects that varying levels
of wind have on the environment is shown
later in Table 1.

WINDICATOR :
CONSIDERATIONS

Having given the project somc thought,
it soon became apparent that the major
problem likely to be encountered by con-
structors would be mechamical rather than
electronic in nature. The idca of using
rotating cups to detect velocity from any
direction seemed the best approach, but
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implied that a rotating shall assembly
would need to be used somewherc along
the line, perhaps being guided in bearings
to ensure smooth running.

It is certainly possible to purchage all the
required materials - ball-bearing races and
round bar in plastic — from several
specialist engineering or modclmaker’s
sources but having priced up such a design,
il was not in the least cost-effective and
parts would not be readily available to
most readers. Also the success of the
finished unit would ultimately rely on one’s
ability to construct the rolaling cup
assembly to quite a high degree of
workmanship and accuracy.

SIMPLY CYCLING

A more economical and simple design
was therefore called for. The final design is
straightforward and does nol require any
complicated bearings or shafts, so Lhat al-
most arpbody can construct it. At the heart
of the design is a good quality d.c. electric
motor, used as a form of a wind-powered
dyhamo. As cvery schoolboy knows, when
the shaft of an electric motor is rotaled, this
induces a voltage in the motor windings
which can be used to power a load — just
like a bicycle dynamo.

The use of the specified motor will
give very effective results, but most
importantly of all, it means that
no bearings or drive shafts are
necessary since the motor
takes care of all
these aspects, which
vastly simplifies the
construclion.
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An anemometer assembly can be made
from four ordinary plastic measuring
scoops, and these arc used to spin the
motor shaft directly. It is simple but highly
effective, (Visions of ping-pong balls, cut in
half, also sprang to mind but were quickly
eliminated.)

WINDY CIRCUIT

The circuit diagram for the Windicator
is shown in Fig. 1. Component M1 15 &
quality 6V d.c. electric matar. This is used
as a wind-powzred dynamo, which has a
rotaling cup assembly fitted directly to its
drive shalt.

Tests during ‘the carly days of develop-
ment showed that the output is relatively
linear — although not perfectly so it is
considered more than adequate in this
application to produce an acceptable dis-
play. If the specified motor is used readers
will be able (o build this design and use the
calibrations copied [rom the prototype, 50
absolutely no calibration is needed (later,
you are shown how to test the circuit by
comparing it against a car spcedometer).

GOOD MOTOR

Earlicr prototypes used a simple cheap
d.c. model motor but the oulpul charac-
teristic was very poor — generaling only
about 100mV at high wind speeds — and
this necessitated further buffering and
amplification. The arrival of a much better
quality d.c. motor dispensed with the need
for any initial amplification, since the d.c.
output of the specified motor is so good
that this can be used directly with very little
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further processing. The final circuil was a
simplified version of earlier attempts, and
works extremely effectively.

The output voltage generaied by the
motor is proportional to the prevailing
wind speed. A motor voltage of up to 6V
d.c. or more (as measured) is produced
with varying levels of wind velocity, The
back em.f. penerated by the motor is
shunted by rectifier D1 and noisc spikes are
filtered by capacitor C1.

Diode D2 is a germanium diode which
has a 0-2V forward voltage drop (unlike a
silicon type which is typically 0-6V). Again,
the motor output voltage proved so high
in use that the voltage drop across the
diode had no particularly sipnificant effect
on the results. Resistor R1 and capacitor
C2 form a pump in which C2 is progres-
sively charged up by the voltage gener-
ated by thc motor. Diode D2 prevents the
capacitor (a tantalum type) [rom discharg-
ing anywhere except into resislors R2/R3.

The only drawback with the use of diode
D2 is that motor voltages lower than
0-2V cannot cause C2 to charge, since the
diode’s forward voltage has to be over-

cirn rcrtate D naland THaavunsadan

Fig. 1. Complete circuit diagram for the Windicator. See

come. In practical terms, this means that
the minimum wind speed which the Win-
dicator displays is approximately 10 miles
per hour. It was thought there was little
puint in trying to make the circuit more
sensittve in an effort to detect speeds under
10 m.p.h., though.

The result is that the polential across C2
rises when the motor rotates and decays
again when the motor halts. The time con-
stant here is quite low — well under half a
second, so the eircuit is quite responsive fo
changes in wind speed. Resistors R2/R3
actually form a voltage divider, with values
selected for the motor, which steps down
the generated voltage. Trials showed that
the output voltage across R3 equated to an
average of 200mV at a speed of 10 mp.h.,
all the way up to roughly 1-5V at 70m.p.h.

BARGRAPM
DRIVER

This varying d.c. voltage is directly
coupled to ICI, an LM3914N bargraph
driver. The Windicator display is in the
form of a multi-coloured array of ten
light-emitting diodes, representing average
wind speeds from 10 to 75 m.p.h.. This
popular i.c. will power ten Led.s directly,
using just one exlernal resistor (R4) to set
the current lcvels flowing through them.
The i.c. has an input buffer amplifier which
is quite rabust — protected for inpuls =35V
d.c — and so ahsolutely no further signal
processing is needed in this very simplc
application.

The LM3914N offers an internal preci-
sion 125V reference at its pin 7, and this
i5 connected across a series of ten com-
parators wilhin the device. Pin 6 represents
thc “top end” of the comparator chain
which is connected lo the 1-25V reference:
the “bottom™ of the chain is pin 4 which is
connected to OV,

Foreach 125mV rise (1-23V /10) in input
voltage at pin 5. an internal comparator
will switch on, causing the relevant output
pin to go low. The outputs (pins I plus 10
1o 18, noting their order) are normally high
and only when they po low do they sink
current and enable the respective l.e.d.

Faelait TIWGS

text regarding

inset figure on the lefi.

SELECTABLE
DISPLAY

Another useful feature of which the Win-
dicator takes advantage iz the ability to
produce either a bargraph or “moving dot”
display. If IC1 pin 9 is left open circuit,
only onc led will be on at a time. By link-
ing it to the positive rail using TB2 (see
later), a bargraph display will be produced.
Capacitor C2 helps ensure that the display
does not flicker too much.

To improve the display, the led.s on
the prototype were colour-coded. The first
three (D3 to D5) are green to indicate
“parmal” (up to 20 m.p.h); D6 to DY arc
vellow (up to roughly 55 m.p.h.} whilst the
lasl three indicators, D10 to D12, are red
(up to 75 m.p.h./ let’s get out of herel),

At this point rcaders should be made
aware that the calibrations shown on the
prototype (see photographs) are the result

‘of comparing various prototypes against a

car speedometer when driving around
deserted country lanes in calm weather.
This was thought the mast realistic and
practicable way of simulating various
speeds, since wind tunnels are 4 bit hard to
come hy, The calibrations arc the averages
taken from several test runs and arc as




D3 TO 012 (CATHODES|

¥

+ -_— + &

MOTOR
(TR} — =——t|—@

¢

B e
LT

E ! cé !
® gt . kL
. /__._,__._na T0 012 [ANGOES)
]

u-k I:F_lzj n?
+

® o8

=+ VE
j82 T OSK1

— OV

Fig. 2. Camponent layout and full size copper foil track master for the Windicator

printed circuit board.

accurate as possible. The prototypé wis

fitted lo a car and the Fed. display was
calibrated against the Speedo across the
entire range of vclocities shown. Naturally,
a co-pilot was employcd Lo jot down the
readings, and speed limits were strictly
adhered to!

The results which readers will obtain
depend on their choice of motor. If you
follow the details of the prototype as
closely as possible and use the specified
components then there is no need to have io
calibrate your own unil as the scale shown
on the protorype unit should prove perfeetly
adeguuate.

Finally, rather than build a scparale
mains power supply. the prototype Win-
dicator uses an ordinary cheap 6V d.c.
mains adaptor (o run from the mains
continuously. This 1s connected via the jack
socket SK1. Capacitor C4 lelps decouple
the power supply, although the LM3914N
is none too fussy about the qualily of the
d.c. rail. Correct polarity of the power
supply is absalutely essential of course, or
the bargraph chip will be permanently
dumaged. The supply voltage level is not
critical and between GV and 12V should be
fine.

The- unit could run directly from a 6V
d.c. battery pack bul then a continuous
display will not be feasible (the Win-
dicator may draw over 100mA maximum
in bargraph modc) unless you use a set of
_NiCad rechargeable cclls. As shown in the
inset diagram of Fig. 1, a scries pushswitch
is the best option if vsing a battery, as is

selecting “moving dot” mode (TB2 open .

circuit) to economisc on ballery life.
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CONSTRUCTION

Asscmbly 1s very straightforward. The
circuit is built onto # small printed circuit
board (p.c.h.) size 6lmm x Simm avail-
able from the EPE PCRE Service, Code No.
947. The Windicator was housed in
an economical sloping-front casc  size
16 L % 96mm * 39/57mm, which had an

Inierior view of the Windicator assembled efectronic components. Note how the

led.s are connected.
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aluminium front panel. There is plenty of
room in the specified case to house the
p-¢.b., remembering that a power supply
may be brought in from an external mains
adaptor. Alternatively, the case will also
house a batery (four> AA size) should
you wish to run it from batterics.

Start by using the empty p.c.b. as a drilling
template for the two 3mm diameter mount-
ing holes, which need drilling through the
base of the enclosure. Continue construction
hy assembling the p.c.b. in accordance with
Fig. 3.

First of all, solder in an 18-pin dual-in-
line (d.i.l.) i.c. socket to hold TCIl, and
continuc with the rest of the discrete com-
ponents, observing polaritics [or the tan-
talum and electrolytic capacitors.

The diodes require special mention: the
polarisation of silicon rectifier D1 should
be readily identifiable but the germanium
alass diode DZ may be tricky to sort out.
Look very closcly at the glass body and
there should be a band marked around
the cathade end — this was extremely [aint
on the prototype. The germanium diode 1s
ulso yuile delicate: do not bend the leads
too closely Lo the glass body and take care
to solder it quickly inlo position without
overheating it.

A two-way screw terminal block (TB1)
was used to provide the connections for the
twin-core motor wire (see motor details
later). The bar/dot mode selector link
(IB2) was u 5.1 (single-in-line) header
with push-on link. You might choose to
hard-wire this with a link (bargraph display
mode), or just use two short lengths of
tinned copper wire — twist them together to
produce a bargraph

Lasty, (it ICI into place. The chip is a
vipolar lype and does not need any par-
ticular anti-static hundling precautions. As
always, one end of the i.c. is identified by a
netch or a dimple next to pin 1 (or both). It
mus! go in the right way round or it will be
damaged on power-up.

The flying leads for the ten led.
cathades (k) were formed with a short
length of 10-way ribbon cable which was
soldered directly to the board, and all
other flying leads are made with standard
hook-up wire. For added interest, thec
Led. display was multi-coloured, as
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