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SPACE-AGE 
ELECTRONIC 

PROJECTS 

FOR 

BOATS part two 


LAST MONTH, we showed you vari­
ous ways to use the LM3914 dot / 

bar display driver in instruments for your 
boat . new approaches to water-level de­
tection , and a rudder-angle indicator. In 
this s.econd and final part, concentration 
is on 'bilge-water warning systems, elec­
tricc\1-system transient protection, and a 
uniq~e digital tachometer . 

I 

Bilge Alarm. There are a number of 
ways to provide bilge-water warning . 
One of the simplest is the float-actuated­
switch system shown in Fig . 10. Here , a 
seal~d tube containing a reed switch is 
surrounded by a float with a built-in mag­
net. ~he float rides up and down the 
tube with increasing and decreasing wa­
ter level . closing and opening the 
switch 's contacts . 

With the actuating switch assembly 
placed low in the bilge, the float lifts with 
rising water level. At some predeter­
mined point, the contacts of the reed 
switch close and the alarm sounds or/ 
and an indicator light comes on . Alterna­
tively , the system can be rigged to auto­
matically turn on the bilge pump as well 
as sound an alert. 

There is nothing electronic about the 
system shown in Fig. 10, but it is so sim­

pie that it is just about foolproof. While 
you can fabricate your own float switch if 
you wish, it is hardly worth the effort be­
cause all-plastic units for boats are 
available from marine hardware stores 
at low cost. 

A second bilge alarm is shown in Fig. 
11 . Here , a pair of electrodes is sealed 
in an insulating housing that is mounted 
low in the bilge . A small screen sur­
rounds the probe-like elements to pre­
vent bridging by debris . 

In fabricating the probe shown in Fig. 
11 , two small brass bolts are mounted 
on a small disc of insulating board and 
are connected through a pair of resistors 
to a water-tight cable that goes to the in­
strument panel. The disc fits one end of 
a Yi'' (19.1-mm) plastic plumbing fitting . 
Then the whole rear of the assembly is 
filled with epoxy to seal in the probe 
ends, resistors, and cable connections. 
When potting is finished, there should 
be no place , except at the probe tips , 
where moisture can bridge the circuit. 

When water bridges the probe tips, 
the SCR fires and actuates the alarm. 
The Sonalert alarm will continue to 
sound, even after the water level drops 
below the point where it bridges the 
probe tips , until the switch is opened . To 

Projects 1n this concluding part 
cover a bilge-water alarm, 
a tachometer and 
voltage-transient protection 
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rearm the alarm , simply close the 
switch. 

A third type of bilge alarm is illustrated 
in Fig. 12. This system is designed for 
boats with multiple bilge spaces that are 
separated by watertight bulkheads. An 
audible alarm and a visual indicator to 
tell you which bilge has water in it are re­
quired in this system. 

The sensors in this circuit are LM1830 
fluid-detector ics. When water bridges 
the probes, the output of the associated 
IC goes high and turns on the pair of 
transistors connected to it. Output con­
nections to the transistor switches are 
arranged so that water entering any 
bilge space and bridging its probes will 
activate the Sonalert but will light only 
the LED labelled for that bilge . You can 
duplicate the circuit for each bilge to be 
protected . The only thing in common 
among the circuits is the Sonalert. 

Shdwn in Fig . 12 is a method for 
marking the safety panel area where the 
LEDs are mounted. Using the layout 
shown, you know instantly which of the 
bilges is leaking (by its lighted LED) 
when the alarm sounds. 

The transistors can be replaced by a 
DIP transi stor array, provided the out­
puts can sink enough current to drive the 
Sonalert. You can use a high-power 
alarm sounder by replacing the Sonalert 
with a relay whose contacts can handle 
the bigger alarm 's current. If you use this 
arrangement, be sure to install a protec­
tive diode across the relay 's coil. 

Tachometer. The circuit shown in 
Fig. 13 consists of a basic O-to-2.4-volt 
meter system and a frequency-to-volt­
age (f/v) converter. The voltmeter por­
tion made up of IC1 and /C2 features 20 
divisions, each represented by a LED. 
The /C3 f / v converter accepts va­
rying-frequency pulses from the en­
gine's ignition points and converts them 
into proportional de voltages with con­
stant updating . 

Using a system like that shown makes 
possible an economical solid-state alter ­
native to the traditional analog meter. It 

is free from paraliax errors and is much 
easier to read and interpret than the 
analog meter, too . At night, readability 
increases, arid the red emission of the 
LEDs has little effect bn Hight vision . 

The two LED drivers are cascaded by 
connecting mode pin 9 of IC1 io pin 1 of 
IC2. Pin 9 of IC2 connects to pin 11 to 
produce dot operation. Internal IC oper­
ation requires R1 to be connected 
across LED9 (pin 11 of /C1) to obtain 
proper operation. Resistor R2 sets the 
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scale of IC1 to half the voltmeter range. 
Because 1 .2 volts should be generated 
across it, this resistor should have a 1 % 

or better tolerance. Also , since 2.4 volts 
is generated across it, R3 should be rat­
ed at 1 % or better tolerance. These re­

sisters also program the ICs to deliver 
10 mA to each LED. 

A charge-pump frequency-to-voltage 
(f / v) converter, high-gain op-amp/ com­
parator, and an uncommitted output 
transistor are contained in /C3 (Fig. 14). 

POPULAR ELECTRONICS 
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A Schmitt-trigger device is used for the 
input. It features a built-in hysteresis to 
provide clean switching if noise is pres­
ent on the input signal. In the 14-pin DIP 
LM2917N version of the IC, an internal 
zener diode also maintains calibration 
stability. 

In Fig . 13, RS, R6, and C1 condition 
the input signal from the points. A sta­
ble-temperature-characteristic capacitor 
must be used for C2, which is the timing 
capacitor for the charge pump. Potenti­
ometer R9 serves as the discharge path 
and doubles as the scale calibration 
control. Charge-pump filtering is provid ­
ed by C3. The uncommitted emitter of 
the internal output transistor is connect­
ed to R10. 

The input signal for the voltmeter is 
taken from R10's wiper. This allows the 
output of the tach section to be matched 
to the voltmeter's full-scale range. (Al ­
though this could be accomplished via 
R9, better linearity is possible when the 
full output of the tach circuit is used and 
then reduced in level to match the re ­
quirements of the voltmeter.) Biasing for 
the internal op amp is obtained with R7 
and 02. 

There are a number of ways to as­
semble the tach. The LEDs can be ar­
ranged in a vertical column. with the 
highest rpm at the top , or you can opt for 

PARTS LIST (Fig. 12) 
A l-Son a le i·t SC628 or s imil ar 

C l -0.05-µ F d isc capac ito r 

C2- 0.002-µF disc capaci tor 
C3- 10-µ F. 6-V c lec1ro ly1ic 

IC l- LM 1830 (Nationa l) 

LEDi - Br ighi red LED 
Q i . Q2- 2N2222 lransisto r 

R l - 2200-ohm. Vi-W resis tor 

R2- To suit LED current 

PARTS LIST (Fig. 13) 
C I , C2-0.02-µ F capac it o r 
C3- l-µ F. 12-V c lcc1roly1i c 

D 1- 18-V zc ne r (see 1ex1) 

D2- IN9 14 

IC I . IC2- LM39 14 Doi/Bar Dr ive r (Nationa l) 

IC:l- LM29 17N 14- pin F/V Converte r (Na­
1i nnal) 

IC4- 10-V. 0 .5-A posi tive regu lalO r 

LED I th ro ugh LED20- Brig hl red LED 
R I . R6- 20 .000-ohm . 'h- W resistor 

R2- l 100-ohm . 1% . V2- W res is to r 

R3 - 2400-ohm . I%. V2-W resistor 

R4- 10-ohm res isto r (see 1ex1) 

R:>. R7 - I0.000-ohrn . Vi-W resistor 

R8-470-ohm . 'h-W res isto r 
R9- I00.000-ohrn . mulli -1urn pol 
R I 0- 10.000-ohm . muh i-l urn pot 
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F ig . 13. Circuit for converting pulses from i gnition points to v oltages 
which activate LEDs frnm 1 to 20 to indicate speed. 
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FirJ. 15. A linear plot 
.~imilar to that shown 
here can be drawn to 
calibrate tachometer. 

the more familiar circular arrangement. 
When assembling the project, it is 

best to slightly recess the LEDs behind a 
red filter to avoid effects of washout in 
brightlight. Use high-luminosity LEDs in­
stead of the commonly available "stand­
ard" LEDs. Finally, to assure maximum 
contrast and eliminate reflections as 
much as possible, apply a coat of matte 
black paint on all surfaces behind the 
LEDs and the front panel or bezel into 
which the red filter is set. 

Wiring is not critical. However, it is im­
portant that you observe the common 
ground point near pin 2 of /C1 . 

There is a considerable variation in 
the range requirements for a tachometer 
for inboard boat engines. Commercial 
analog tachs are scaled for 6000 rpm 
and supplied with links to adapt them to 
all types of engines. With the tach de­
scribed here, the top end of the range 
can be chosen to suit the requirements 
of any given engine. 

A 4-cycle engine fires each cylinder 
once every two revolutions . An 8-cylin­
der engine running at 4000 rpm would 
fire 4 x 4000 or 16,000 times per min­
ute. This is equivalent to a tach input fre­
quency of 266.67 Hz. For a 6-cylinder 
engine operating at 4000 rpm, there are 
three pulses per revolution , which is 
equivalent to an input frequency of 200 
Hz. Note that this is a linear relationship 
and can be plotted as shown in Fig. 15. 

Following is the calibration procedure 
for a 6-cylinder engine with LED20 in­
dicating 4400 rpm . Apply 15 volts from a 
bench-type power supply to the power 
leads of the tach. Next, connect the out ­
put of a square-wave generator to the 
tach 's input through a 0.1-µF capacitor. 
Using a frequency counter, set the gen­
erator for a high-level output of 220 Hz. 
Set R9 near maximum resistance . Using 
a high-impedance voltmeter, connected 
between pin 5 of /C1 and ground, adjust 
R10 for a 2.4-volt reading . This should 

. turn on LED20. Adjust R9 until LED19 
extinguishes and LED20 is at full bril­
liance. There is some overlap built into 
the dot drivers so that one LED fades 
out as the next LED comes on . Slowly 
reduce the frequency of the generator 
while observing both the tach display 
and frequency counter to check the li­
nearity of the tach's scale. It will not be 
perfect, but it will be better than a quick 
glance at a standard analog meter. 

The calibration procedure for an 8­
cylinder engine will be the same as that 
for the 6-cylinder engine above. The 
only difference is that you start with a 
generator frequency of 293.3 Hz. 
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C l - 100-µF . 12-V e lectrolytic 
7 
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Rl - 100-ohm . \12- W resistor :~ R3 
R2- IOOO-ohm. V2- W resistor ~~ R:l--470-ohm . V2- W resistor 
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18V DIODE 
ZENER 

Fig. 17. A series diode is used in 
lhe positive supply .for reveri;e 
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If your finished tach has a tendency to 
flicker at low rpm, increase the value of 
C3. Do not overdo this because if the 
value is raised to·2 µ F, the flicker will be 
reduced, but at higher speeds there may 
be a tendency for adjacent LEDs to flick­
er back and forth as a low-frequency os­
cillation sets in . Of course. a rough run­
ning engine is going to produce lots of 
fli cker, which can serve as a reminder to 
have your engine tuned . The value of C3 
is a compromise. Once you install the 
tach , it is a good idea to have it checked 
against a good-quality tachometer. 

The circuit shown in Fig . 16 is a useful 
add-on for the tach . It can be used to 
identify the critica l c ruising rpm where 
fuel econoroy is at its best or as an over­
rpm warning. The LED in the string to 
which it is connected will fl ash on and off 
when the indicated rpm is reached. The 
flash range is quite narrow. Bear in 
mind , therefore , that this circuit may not 
be usable as an attention getter with a 
rough-running engine . The rpms would 
be traversing the flash point too rapidly 
for the circui t to go into action. 

Transient Protection. Any mobile 
electrical system . including that in a 
boat , can suffer from voltage transients 
of many kinds . Some transients are ca­
pable of destroying solid-state compo­
nents and systems . Hence , it pays to 
have adequate transient protection . 

There are simple ways to give a large 
measure of transient protection to 
home-built projec ts. GE's MOV transient 
protectors is one simple way. A second 
method is shown in Fig. 13, where 10­
ohm resistor R4 and 18-volt zener diode 
01 protec t the power input line. If the cir­
cuit is to take care of a blown regulator, 
where 18 volts may be on the line con­
tinuously , the division of dissipated pow­
er between the zener diode and resistor 
must be calculated . Once breakdown 
occurs , the circuit will be carrying well 
over 1 ampere of current. This means 
that the power (wattage) ratings of the 
resistor and diode must be calculated. 

Reverse voltage protection is a simple 
matter of installing a series diode in the 
+ V line, with the diode's anode connect­
ed to the + input, as shown in Fig . 17. 
Each subsystem should be individually 
protected , both for transients and re­
verse voltages, to assure maximum se­
curity against failure . Of course, one 
heavy-duty zener-diode circuit can be 
used for an entire instrument group to 
handle steady-state overvoltage condi­
tions , but smaller suppressor circuits 
should still be used on each board . <> 
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Introducing ... 

The Solar Alarm 
Chronometer 
• Light Energized 
• Electronic Quartz Accuracy 
• 24 hour alarm 

A personal alarm 
and time system 
powered by light. 

Only
s49_95 

You cah 't wear a more accurate watch. 
Plus this new LCD chronometer has a built 
in 24-hour alarm and personal reminder 
system. And you no longer have to worry 
about batteries failing because this watch 
is constantly being recharged by light. A 
true scientific break thru . 

Forget about losing time 
The time base is a finely tuned quartz crys­
tal , trimmed by the manufacturer electron­
ically to an accuracy of 5 seconds per 
month . And the manufacturer stands 
behind this accuracy with a one year lim­
ited warranty plus a 5 year replacement 
warrant on the micro-rechargeable energy 
cells. 
Who Is the Manufacturer 
U.l.T. has been the innovator in the digital 
watch industry for years . U.l.T. is the prime 
manufacturer, assembler and importer of 
LCD watches . U. l.T. has been the 
pioneers of solar powered watches where 
" light energy" recharges micro-energy 
cells contained in the watch . A system so 
efficient they are able to offer the unheard 
of 5 year warranty. 

Forget about batteries 
The new solar-alarm is powered by micro­
energy cells which are constantly being 
recharged from available light. Not just 
solar light but ordinary room light. You 
never need to worry about batteries. 

Forget about changing technology 
This solar-alarm watch uses all of the 

I CAMBRIDGE 
• 1lfTERNATIONAL n:. 

latest technology in electronics and 
engineering. The programmed time meas­
uring features include hours, minutes, and 
pulsating seconds plus the month and 
date displayed instantly with the touch of a 
button . The large liquid crystal display 
constantly shows the time in large easy to 
read numerals. A special night light com­
mand button illuminates the dial for night 
viewing. 
Forget about being late 
The most unique function of this solar 
chronometer is the alarm system. The 24 
hour alarm system is easy to set without 
disturbing the time function . And it sounds 
with a pleasant electronic beep precisely 
at the pre-set time. Your own personal 
alarm system will automatically beep you 
at the right time for "on-time" punctuality, 
so important with todays busy schedules. 
You may never be late again. 

Test it for 2,592,000 seconds 
Take 30 full days (2,592,000 seconds) to 
confirm the accuracy and utility of this fine 
timepiece. If you doubt the quality, merely 
return it for a ful! refund. 

If you have been looking for that special 
opportunity to own a chronometer of the 
future here is your chance! Available in 
silver or gold tone with fashion flex band. 
All U.l.T. timepieces feature ultra-thin 
design, rugged shock proof engineering 
and water resistant construction . The 
solar-alarm watch is priced at $49.95 each 
plus $2 .50 shipping & handling. (IL. resi­
dents add 5% sales tax). 

Dept. PE9 
8700 Wau kegan Road , Morton Grove, Illinois 60053 (312) 966-5510 

Credit card customers call operator #219 toll free 
800-241-8444 (In Ga. call 1-800-323-9123) 

I Clip & mai l to : 	 Cambridge International , Inc. Dept. PE9 I 
8700 Waukegan Rd .. Morton Grove, Ill. 60053

I. D Please send me __ Solar-Alarm Watches at $49.95 each plus $2 .50 shipping & handling . I understand I 
that I may return my purchase within 30 days for full refund .I D silver tone 	 D gold tone I D Check or MO enclosed . Change to: D Visa D Master Charg~ 

I Accou nt # Exp . Date 

Name

I AddressI City 	 State 

I Signature 
L..---------------©~~~l~r~o~· 

CIRCLE NO. 52 ON FREE INFORMATION CARD 
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