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Digital speedometer
& fuel gauge; Pt.2

Despite the circuit complexity, the
digital speedometer and fuel gauge is
straightforward to assemble. This
month, we give the construction and

calibration details.

All the parts for the main circuit
and the A/D converter mount on a
single main PC board, while the dis-
play module is built on two smaller
boards which are mounted back to
back on 12mm spacers.

As indicated in an accompanying
panel, a complete kit of parts for this
design (minus the case) is being of-

fered by CTOAN Electronics. No spe-
cial assembly techniques are required
apart from the use of a good quality
fine-tipped soldering iron. The PC
boards are all solder masked to help
stop solder runs and carry screened
printing to show the parts placement.

Fig.4 shows the parts layout on the
main PC board. Note that a few minor

changes were made to the circuit after
the board design was finalised. As a
result, the following changes should
be made:
(1). the positions indicated for resis-
tor R1 and diodes D1 & D2 should be
left vacant;
(2). Q1 should be omitted and a wire
link connected between what were its
collector and emitter terminals; and
(3) R2 should be increased to 1.5kQ.
Begin by installing PC stakes at the
external wiring points and 10-way IDC
pin headers at the CON1 and CON2
positions. This done, install the resis-
tors, capacitors and diodes, taking care
to ensure that all polarised parts are
correctly oriented. There are also a
number of wire links on the board and
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Fig.4: install the parts on the main PC board exactly as shown here but note

that the 100pF capacitor (C18) to the right of Q7 should be left out until after the
calibration is completed. Note also that a few minor changes will be necessary
if the car has a “positive” sender - see text.

these should also be installed at this
stage (the prototype used 0Q resis-
tors).

If your car has a conventional sender
(ie, one that has minimum resistance
when the fuel tank is full), install the
parts exactly as shown in Fig.4. Make
sure that R19 is 470Q (not 820Q as
marked on the PC board). Both R20A
and the adjacent wire link should be
omitted.

il

This close-up view shows the mou.nng details for LED1 and the LDR. Not

Alternatively, if your car has a “posi-
tive” sender (ie, one that has maxi-
mum resistance when the tank is full),
then you will need to make the fol-
lowing changes: (1) change R19 to
820Q; (2) omit R20; and (3) install
R20A (33kQ) and the adjacent wire
link.

Do not install C18 (100pF) at this
stage. That step comes later, follow-
ing the calibration procedure.

* i

e how

the LED is bent over so that it directly faces the surface of the LDR, so that its
resistance reduces to just a few hundred ohms when power is first applied.
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The IC sockets can be installed next.
A 28-pin IC socket must be used for
the microprocessor, as CTOAN Elec-
tronics will not accept chips for test-
ing or reprogramming that have sol-
der on their pins. The use of IC sock-
ets for the remaining ICs can be con-
sidered optional, although they were
used in the prototype.

Once the IC sockets are in, the re-
maining parts can all be installed. Note
particularly the arrangement for LED
1 (red) and the LDR. The leads of the
LED must be bent at right angles be-
fore installing it, so that it sits against
the LDR as shown in the photo. Take
care with the LED polarity — its anode
lead will be the longer of the two.

The yellow LED (LED 2) is mounted
on the board in the conventional man-
ner, as shown.

A small heatsink is required for the
7805 3-terminal regulator and this is
bolted to the board as shown in the
photo. Smear the metal tab of the regu-
lator with heatsink compound before
bolting the assembly together.

Display modules

Fig.5 shows the parts layout on the
display module PC boards. As indi-
cated earlier, you will have to build
two such display modules — one for
the speed display and the other for
the fuel display.

Install the parts on the PC boards as
shown, taking care to ensure that the
displays are all oriented with their
decimal points at bottom right. Note
that resistors R1-R7 & R9 on the IC



Fig.5: install the parts on the display boards as shown in this diagram. Note that

the two ICs face in opposite directions and don’t forget to install the insulated
wire link (shown dotted) on the board at left.

board are all mounted end-on to con-
serve space. In addition, an insulated
wire link must be installed on the
back of this board (shown dotted).

Once the board assemblies have
been completed, they can be mounted
back-to-back on 12mm spacers and
secured using machine screws and
nuts. Finally, the two boards in the
assembly are wired together by in-
stalling 13 wire links between them
along one edge.

The completed display modules are
connected to the main board via 10-
way ribbon cables fitted with IDC con-
nectors. These cables are supplied pre-
assembled in 1-metre lengths.

Testing

The unit can now be tested by fol-
lowing this step-by-step procedure:

(1). Connect a link across the fuel
sensor inputs;

(2). Connect a display module to

The two boards that make up the display module are
mounted back-to-back on 12mm-long spacers and the
assembly secured using machine screws and nuts.

the speed connector (CON1) on the
main board using one of the supplied
10-way ribbon cables. The photos
show the connector orientations (no
damage will result if you do plug the
cable in the wrong way around — the
display just won’t work).

(3). Install all the ICs except for the
microprocessor (IC2) on the main
board.

(3). Connect a 12V DC power sup-
ply to the power input terminals and
use a multimeter to check that there is

TABLE 1: CAPACITOR CODES

a  Value IEC Code EIA Code
O 0.47uF 470n 474

a 0.1uF 100n 104
Qo 0MF 100 103
Q.. O00pF: a0 00

This view shows

+5V on pin 3 of the microprocessor
socket.

(4). Short pin 1 of IC3 to the +5V rail
using a clip lead and check that the
buzzer pulses on and off.

(5). If all these checks are OK, switch
off and install the microprocessor
(make sure that it is correctly oriented).

(6). Reapply power and check that
the display shows 00 after a few sec-
onds. If it does, switch off and con-
nect an oscillator to the speed input
(labelled “SIG” on the PC board). Set
the oscillator frequency to about 50Hz
and the signal amplitude to 5V (make
sure that the amplitude in not greater
than 5V, otherwise you could damage
1C2).

(7). Reapply power — the display
should now show a reading. Check
that this reading can be varied by ad-
justing the oscillator frequency. Check
also that the reading can be varied by
adjusting VR1 on the main board.

(8). Test the various speed alarm
settings. If you haven’t already wired
up switch S1, you can select a speed
setting simply by shorting its pin to
+5V. Begin by selecting 62, then ad-
just the oscillator so that the reading
goes higher than 62. The buzzer should
immediately sound and the display
should flash on and off.

Now press the mute button. The
buzzer should stop but the display
should continue to flash. Now check
the other speed settings in turn.

(9). If everything checks OK so far,
adjust VR1 so that the speed display
shows the incoming oscillator fre-

e rear of the c;)iﬁﬁietéd.display
module. Note the direction from which the cable enters
the pin header on this board.
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This close-up view shows twao stages in the speed sensor assembly. The unit at
top shows what the sensor looks like after the parts have been mounted on the
Veroboard, while at bottom is the finished sensor after it has been covered in
heatshrink tubing and sealed with silicone sealant.

quency. This is not the final calibra-
tion but is a good starting point.

(10). Connect the second display
module to the fuel socket (CON2 on
the main board). With the shorting
link still in place, the display should
show some figure above 30. Adjust
VR2 and confirm that the display read-
ing varies, then do the same with VR3.

(11). Replace the shorting link with

a 1kQ resistor and check that the dis-
play now shows a reading of less than
20. If not, try adjusting VR2.

(12). Adjust VR2 so that the display
reads less than 10. After a few sec-
onds, the low fuel lamp should start
to increase in brilliance.

Troubleshooting
If all is correct so far, then the

Where To Buy A Kit Of Parts

Kits for this project will be available from CTOAN Electronics. The details

are as follows:

Kit 1 is for the speedometer section only and includes a screened and
solder-masked main PC board, the on-board components (including a
programmed microprocessor but not the parts for the fuel gauge A-D
converter), the buzzer, S1 and S2, a Hall Effect sensor and two button
magnets. This kit also includes all the parts for a single display module (PC
boards plus on-board components. The cost of this kit is $73.00.

Kit 2 includes the additional components required to build the fuel gauge,
mcludmg display module and the parts for the A-D converter. The cost of

th' kit is $20. Additional display modules are available for $13 each.

above kits, GT N Electromcs is also offenng fully built
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project is operational and fuel gauge
calibration can take place. If things
are not as stated, go back over your
work carefully for possible faults. In
particular, check that all parts are in
their correct locations, have the cor-
rect value or type number, and are
correctly oriented.

The microprocessor is easy to check
if you have an oscilloscope or a logic
probe. If the microprocessor is operat-
ing correctly, pin 18 will have short
positive pulses occurring every 0.75-
2 seconds. You should also see vari-
ous pulses on pins 9, 10 and 11. If
these pulses are there, then the micro-
processor is operating correctly. -

Installation

It is important that this unit be in-
stalled in a professional manner, so as
not to compromise the reliability of
the car’s existing wiring. In particular,
make sure that any power supply con-
nections are run via suitable fuses.
The +12V supply to D3 must be de-
rived via the ignition switch and the
fusebox is probably the best place to
make this connection. Be sure to con-
nect to the fused side of the switched
supply.

Similarly, the connection to the car’s
lights (from D8) can also be made at
the fusebox (eg, to the supply for the
tail lights).

The connection to the fuel sender
can be made by disconnecting the ap-
propriate lead to the existing fuel gauge
and connecting it to the main PC board
instead (ie, your existing fuel gauge
must be disconnected). Alternatively,
you can install a switch, so that you
can select between the two. This
switch should be a break before make
type.

If you have trouble identifying the
sender lead, check its colour code by
referring to the wiring diagram in the
car’s manual. Alternatively, you can
check the colour of the lead at the
sender itself.

Initially, the unit should be installed
so that you have easy access to the
trimpots on the main PC board. This
is necessary to allow final cahbratlon
later on.

The two display modules should
be positioned on the dashboard where
they can be easily read. They can ei-
ther be mounted in separate cases or
mounted side-by-side in a single case,
with red Perspex used for the display
windows. Be sure to mount the low-
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Fig.6: the Hall Effect sensor, along with R36(10k(), is mounted on a
piece of Veroboard. This assembly is then waterproofed by covering
it in heatshrink tubing and applying silicone sealant to any gaps.
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Fig.7: the mounting details for the Hall Effect sensor and its companion
magnets. Note that the magnets must be oriented so that alternate poles
pass by the sensor; ie, one magnet is mounted with its north pole closest
to the sensor while the other is mounted with its south pole closest to the

SEensor.

* fuel warning lamp in a conspicuous
location.

The speed alarm selection switch
(S1) and the alarm mute pushbutton
(S2) should be mounted in locations
where they are easy to use.

Hall effect sensor

The Hall Effect sensor, along with
resistor R36 (10kQ), is mounted on a
small piece of Veroboard (Fig.6). This
assembly is then waterproofed by cov-
ering it in heatshrink tubing and ap-
plying silicone sealant to any gaps.

Fig.7 shows the mounting details
for the Hall Effect sensor and its com-
panion magnets. Note that the mag-
nets are mounted on the tailshaft (or

on a driveshaft in a front-wheel drive
car) and are oriented so that alternate
poles pass by the sensor; ie, one mag-
net is mounted with its north pole
closest to the sensor while the other is
mounted with its south pole closest to
the sensor.

Calibration

Calibration of the speed display is
best carried out with the help of a
second person. The procedure is
straightforward — simply drive along
a road at a known steady speed and
have the other person adjust VR1 un-
til the display reads the same as the
existing speedometer.

Calibration of the fuel display is

also quite straightforward. The easi-
est way is to use a sender that’s been
obtained from a wrecking yard. Note
that this sender must be the same type
as the one used in the car.

To calibrate the display, temporar-
ily connect this second sender to the
main PC board (disconnect the sender
in the car), set it to the “empty” posi-
tion, and adjust VR2 so that the dis-
play reads “00". If the display cannot
be zeroed, try adjusting the value of
R19 (this should rarely be necessary).
This done, set the sender to the “full’
position and adjust VR3 to obtain the
correct reading (ie, 100% or the ca-
pacity of the tank in litres or gallons).

For example, if the car has a 65-litre
tank, adjust VR3 so that the fuel dis-
play reads “65” (sender at “full”).
Alternatively, adjust VR3 so that the
display reads “100” for 100%.

The above procedure should now
be repeated two or three times to ob-
tain the final calibration. This is nec-
essary because there is some interac-
tion between the two adjustments.

Note that, in some cars, the engine
may cut out due to fuel starvation
before the sender actually quite
reaches minimum resistance. How-
ever, the above procedure should be
accurate enough for all practical pur-
poses. In any case, it's not a good idea
to let the fuel run out completely, as
this can lead to rubbish clogging the
fuel injectors or the jets in the carbur-
ettor.

If you are unable to obtain a sender
from a wrecking yard, then it may be
possible to remove the sender from
the fuel tank and use this for calibra-
tion instead. Be warned, however, that
disturbing the existing sender might
cause the tank to leak later on (even if
you replace the gasket) and this could
mean a new fuel tank. We don’t rec-
ommend this option unless you know
exactly what you are doing.

Another way of calibrating the fuel
display is to calibrate it against the
existing fuel gauge. However, this
method is only viable if you have
installed a switch to select between
the two. Note that the two units can-
not be operated in parallel as this will
lead to wildly incorrect readings.

Once calibration has been com-
pleted, install C18 (100uF) on the main
PC board and complete the installa-
tion. Don’t forget to reconnect the fuel
gauge sender if you calibrated the unit
using a second external unit. sc
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