TACHOMETER

A unique two-range tach that
gives an analogue RPM
display on a bar of 21 LEDs.
The display flashes to indicate
an alarm condition when the
RPM exceed a preset limit.

THE ETI TACH/ALARM is an all solid-
state project. It displays engine
speed in analogue form (like a con-
ventional tach) as an illuminated sec-
tion of a line of 21 LEDs. The length of
the illuminated section is propor-
tional to the engine speed, so that
half of the scale is illuminated at half
of full-scale speed, and so on. In other
words, the display is in bar rather
than dot form.

The Tach/Alarm can be used with
virtually any type of multi-cylinder
gas engine. It has two speed ranges,
each of which can be calibrated by a
preset pot to give any full-scale speed
range required by the individual
owner. Our prototype is calibrated to
give full scale readings of 10,000 RPM
and 1,000 RPM on a four-cylinder,
four-stroke engine. The lower range is
of great value when adjusting the
engine’s ignition and carburator for
recommended idle speeds. The upper
range has adequate resolution (500
RPM per step in our case).

A unique feature of our product
is the provision of a visual over-speed
alarm facility, which causes the LED
display to rapidly flash on and off
when the RPM exceed a preset level;
the tach continues to indicate the ac-
tual RPM under the alarm condition.
Tachs are normally placed directly in
front of the driver in sportsiracing
cars, so this visual alarm system is a
highly effective ‘attention getter’ in
such vehicles.

The unit is designed for use only
on vehicles with 12V electrical
systems. It can be used with conven-
tional or capacitor-discharge (CD) ig-
nition systems and is wired into the
vehicle with three connecting leads.
It can be used on vehicles with either
negative or positive ground electrical
systems.
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Construction

The complete unit, including the 21
LED display, is mounted on a single
PCB. Take care over the construction,
paying special attention to the follow-
ing points:

(1) Our prototype uses a dispiay com-
prising a linear row of 21 square
LEDs, mounted horizontally on the
PCB. You may prefer to use a semicir-
cular display of LEDs, in which case
you can mount the display on a
separate board of your own design,
with suitable connections to our
board. In either case confirm the
polarity and functioning of each of
the 21 LEDs, by connecting in series
with a 1KO resistor and testing across
a 12V supply, before wiring into place
on the PCB. Note that the LED col-
ours can be mixed, if required.

If you use the same display form

as our prototype, bend and adjust the
LED leads so that each LED slightly
overhangs the edge of the PCB when
soldered into place.
(2) Seven link connections are made
on the PCB. Also note that the exter-
nal connections to the unit (OV, + ve
and points) are made via solder ter-
minals (Veropins).

(8) Range-changing is achieved via a
three-pole two-way switch. On our
prototype we've used a slide switch
for this purpose.

(4) Note that the values of C2 and C3
must be chosen to suit the engine
type and full-scale RPM ranges re-
quired (see the conversion graph).
Our prototype, calibrated io read
10,000 RPM and 1,000 RPM on a four-
cylinder four-stroke engine, uses C2
and C3 values of 22nF and 220nF
respectively.

When the construction is com-
plete, connect the unit to a 12V supp-
ly and check that only LED1 il-
fuminates. If all LEDs illuminate,
suspect a fault in the wiring of IC1.

Calibration
The unit can be calibrated against
either a precision tachometer or
against an accurate (2% better) audio
generator that gives a square wave
output of at least 3V peak-to-peak.
The method of calibration against an
audio generator is as follows.
Connect the tach to a 12V supply
and connect the square wave output
of the audio generator between the
0V and points terminals of the unit.
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. Check against the conversion graph
to find the frequency needed to give
the required high range full-scale
RPM reading on the type of engine in
question and feed this frequency into
the tach input. Switch SW1 to its high
range (10,000 RPM on our prototype)
and adjust PR1 for full-scale reading.
Now set the generator to the alarm
frequency and adjust PR3 so that the
display flashes. Recheck both ad-
justments.

Now switch SW1 to its low range
(1,000 RPM on our prototype), set the
required full-scale frequency and ad-
just PR2 for a full-scale reading on
the tach. Note that the alarm facility
is inoperative on this range.

Installation

The completed unit can either be
mounted in a special cut-out in the
vehicle’s instrument panel or
(preferably) can be assembled in a
home-made housing and clipped on
top of the instrument panel. In either
case try to fit some kind of light
shield to the face of the unit, so that
the LEDs are shielded from direct
suntight.

To wire the unit into place, con-
nect the supply leads to the tach via
the vehicle’s ignition switch and con-
nect the unit’s points terminal to the
points terminal on the vehicle’s
distributor.

The lower range of the tach is of
great value when adjusting the
engine for correct idle. It is thus ad-
vantageous to arrange the tach hous-
ing so that it can be easily dis-
mounted from the instrument panel.
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PARTS LIST

Resistors all YaW, 5%

R1,2,5 10k

R3,13 22k

R4 470R

R6,15 1k2

R7,9,10,12  330R

R8,11 270R

R14 27k

R16,20 2k2

R17 270k

R18,19 12k

R21 1M0

R22 6k8

R23 4k7

Potentiometers

PR1,2 100k miniature horizon-
tal preset

PR3 47k minature horizontal
preset

Capacitors

C1,2 22n polycarbonate

C3,8 220n polycarbonate

Ca 1u0 35V tantalum

C5 4u7 35V tantaium

C6,7 47u 16V tantaium

Cc9 100u 25V electrolytic

Semiconductors

IC1 LM2917N

1C2,3 LM3914

IC4 CA3140

IC5 ICM7555

Q1 2N3904

ZD1 400mW 12V

D1,2 1N4148

D3 1N4001

LED1-21 Red, square type.

Miscellaneous

SWi1 3-pole double throw
switch

PCB, case.

YOUR
GOMMUNITY
NEEDS
YOU NOW.

Please give generously to
the United Way
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HOW IT WORKS

Cont. on p. 70

The ignition signal appearing on a vehi-
cle’s points has a basic frequency that
is directly proportional to the RPM of
the engine. Our tach works by picking
up the signal, extracting its basic fre-
quency, converting the frequency to a
linearly-related DC voltage and then
displaying this voltage (and thus the
RPM) on a line of 21 LEDs. The basic
tach can thus be broken down, for
descriptive purposes, into an input
signal conditioner section, a
frequency-to-voltage converter section
and a LED voltmeter display section.

The input signal conditioner sec-
tion comprises RI1-R2-R3-ZD1-Cl. The
points signal of a conventional ignition
system consists of a basic RPM-
related rectangular waveform that
switches alternately between zero and
12V, onto which various ringing
waveforms with typical peak
amplitudes of 250V and frequencies up
to 10 kHz are superimposed. The pur-
pose of the input signal conditioner is
to cleanly filter out the basic rec-
tangular waveformm and pass it on to
the F-to-V converter. It does this first
by limiting the peak amplitude of the
signal to 12V via Rl and ZD! and then
filtering out any remaining high fre-
quency components via R2-R3-Cl. The
resulting clean signal is passed on to
the input (pin 1) of 1CI1.

IC1 is a frequency-to-voltage con-
verter chip with a built-in supply
voltage regulator. The operating range
of the IC is deterimined by the value of
a capacitor connected to pin 2 and by a
timing resistor and smoothing

capacitor connected to pins 3-4. In our
application, two switch-selected
presettable ranges are provided. The
DC output of the IC is made available
across R13 and is passed on to the
high-impedance input terminals of the
IC2-IC3 LED voltmeter circuit via series
resistor R14. Rl14 is essential to the
operation of the alarm section of the
tach.

IC2 and IC3 are LED display
drivers. Each IC can drive a chain of 10
LEDs, the number of LEDs illuminated
being proportional to the magnitude of
the IC’s input signal. Put simply, the
ICs act as LED voltmeters.

In our application, the two LM3914
ICs are cascaded in such a way that
they perform as a single 20-LED
voltmeter with a full-scale range of
2V4. This full-scale value is determined
by precision voltage references built
into the ICs. The full-scale reference
voltage (2V4) is generated across R16
and PR3. The configuration of our
voltmeter is such that it gives a bar
display, in which LEDs 1 to 1l are il-
luminated at half-scale or LEDs 1 to 21
are illuminated at full-scale. R7 to RI12
are wired in series with the display
LEDs to reduce the power dissipation
of the two 1Cs. LED 1 is permanently il-
luminated so that the RPM display
does not blank out completely when
the engine is stationary with the igni-
tion turned on.

The alarm section of the tach is
fairly simple. IC4 is wired as a voltage

comparator with a stable reference
voltage fed to its non-inverting (pin 3)
input from PR3 and with an RPM-
related voltage fed to its inverting (pin
2) input frem R13 via SWl1c. The output
of IC4 is used to enable or disable
astable multivibrator IC5 and the out-
put of IC5 is used to enable or disable
the inputs to the IC2-IC3 voltmeter via
Q! and R14.

At low engine speeds (below the
alarm level) the input of IC4 is driven
high, thereby disabling the IC5 astable
by preventing C8 from discharging.
Under this condition the output of IC5
is driven low, cutting off Q1 and enabl-
ing the tach circuit to operate in the
normal way.

At high engine speeds (at or above
the alarm level) the output of IC4 is
driven low, thereby enabling the ICS
astable to operate at a rate of roughly 2
Hz and alternately drive Q1 on and off.
In the moments that Q1 is cut off, the
tach operates in the normal way, but in
the moments that Ql is driven on its
collector pulls the pin 5 input terminals
of IC2 and IC3 to near-zero volts and
thereby effectively blanks the LED
displays. The LEDs flash rapidly under
the alarm condition, but continue to in-
dicate RPM vlaues.

The alarm point can be set in any
position on the tach scale by PR3.
SWilc is used to diable the alarm sec-
tion when the tach is set to its low
(1,000 RPM in our prototype) range.
Note that the power supply to the
alarm is decoupled from the main sup-
ply by D3 and C9.
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START WITH ORION FOR

A NEW ERA IN

THE WORLD

OF ELECTRONICS
We have the most complete selection
of electronic components.

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR

INDUSTRIAL — EDUCATIONAL

COMMERCIAL — HOBBYIST

Full line of TTL, CMQOS, Linear,
ICs, Computer Interface, Support Chips
and CPUs.

Write for our
flyer on Interact
Computer [

newverrt §73Q-50

Features

o RCA 1802 Microgrocessor

® K Byfes statc RAM

Expandable on-board 10 4K

Expanc:bie 1o 32K Byles tatal

* 512 Byte ROM operalng system
e CHiP £ nterpretive language or
| machine iraguage prograrmmatre

& Hexidecimal keypad

o tone generator
® Single 5'volt operation
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Assembled” and tested.

* Video output 10 monitor or modulator,
* Cassefte mierface —100 Bytes/sec

® Instruction Manual with 5 video game |
Iistings. schematcs, CHIP-8. much more
Igeal for low-cast control apphcations
Expandable to lull VIP capabity wilh
VP-114 K

"User need only CONMect Cabies (inCiuged) a
S-voh power Suplly ad speaker

The ZX80 Personal

Computer

R

The Sinclair ZX80 is an extra-
ordinary personal computer. Com-
pact and brielcase-sized, it weighs
just 12 ounces. Yet in performance
it matches and surpasses systems
many times ils size and price.

The ZX80 is an advanced ex-
ample of microelectronics design.

1 Inside, it has one-tenth the number

of pants of existing comparable ma-

MicroprocessoriMemory
280A 3.25MHz clock
ROM: 4K bytes containing BASIC
RAM: 1K bytes inlernai, exter-
nally expandable to 16K bytes.

Keyboard

40 key touch-sensitive mem-
brain with keyword entry gives an
equivalent of 62 keys. After entering
the statement number, the next key
you touch enters the keyword print-
ed above it automatically.

A Course in BASIC Prograrmming

SR o

chines. This unique design - packing
the system onto fewer, more advan-
ced LS| chips - gives the ZX80 its
remarkably Jow price.

Along with a complete 128-page
course in BASIC programming, the
ZX80 comes with all the necessary
cords for connecting to standard
coior or B/W televisions and cas-
selte recorders,

SINCLAIR ADVANCED
DESIGN FEATURES

* 4K Integer Basic.

* 1 stroke entry for key words,

* Automatic error detection.

* Text editing capability.

¢ Machine code programming too,|
* 26 string variables, any length,

* Random function, built-in,

* 1K RAM matches others 4K.

Price includes TV and cassette
connectors, AC Adapter, and 128
page manual.

[ Please send more informat-
ion on Sinclair Computers

Circle No. 6 on Reader Service Card.

A powertul microcomputer with a fult standard 53 key typewriter
style keyboard and built-in casselte recorder for use in entering
ad stoting pecgrams. Ulilizing Ihe versatile [ntel 8080A micro
processor, the Interact computer has 16K of RAM and 2K of ROM
2t its disposal. utput is in caldr on your twn TV scraen Scund
is alsd generated through your TV set and can consist of ex-
hilarating computer beeps or two full octaves of music. Yhis (s
truly 3 powerful eamputer capatile of deveioping and handling a
variety of programs, and with awailable software pravides true
educational slimulus (eamples: Star Track, Chess, Concenira-
tion, etc ). The Interact computer otfers the ideal opportunity to
tearn BASIC, the most popular computer language for smatl busi.
ness and hobbyists, and with Ihe use of the 84 page manual, you
Tearn at your own pace

INSTALLATION: Artach to antenna tesminals of your color TV
set and plug into 120 VAC wall outlet. Computer includes built-in
RF modulator, FCC approved and UL and CSA listed.

PROGRAMING; Most Microcompulers start you off with an
abbreviated 4K BASIC, and then later you have 1o relearn the
more pawerlul language. Stace this computer has 16K of RAM,
we start you with Level 11 Microsoft &7 BASIC. BASIC is the
mast popular M puter language using that are
words we are ordioaily used to: such a5, PRINT, NEW, GOTQ
{For go ta), END, COLOR, JOY, INPUT, etc. Ta heip you learn pro-
graming we have included an 84 page instruction manual, plus
a 20 page book of program examples

Educational and Entertaining

ASTH Keybourd Fu'lyencoded. 128-cha-acter ASCH
siphanumenc xeyboard. 58 light touch keys (2 user de-
lined) Selectatla “Upper-Case-Only™
601 $109.76

ASCH/Numeric Keyboard ASCi

Keyboard dentical to VP-601 pius
. 16 key tumenc entrv keyboard for
eanr entry of compers  VP-611 ceeeo... $139,786
Cabile: ASCIl Xeyboards to VP-711 Fiat nbbon cable. 24 in. lengtn, ror con-
necting VP-601 01 VP-611 and VP-711 Inchudes matchng connector on both ends.
VP-620 ‘e . . "
Cable: ASCII Keyboards Flat roben cable, 36 in. fength wilh mating cannacioe
for VP-601 or VP-611 Other end is
VP-623

e

Orion Electronic Supplies inec.
40 Lancaster Street West
Kitchener, Ontario N2H 4S9
(519) 576-9902

Master Charge & Visa, COD, Cheque,
Money Orders accepted. CODs, shipping
& insurance extra. Write for our FREE
catalogue!
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2 The pecularity of this rev.
counter is that it responds to
differences in luminous intensity.
Consequently, if this circuit is to be
used as a rev. counter, the motor shaft

must be provided with a vane which
periodically intercepts the light incident
on the light sensor. Little can be said
about the choice of light sensitive
element, because they come in
numerous types. Instead of a photo
diode, photo transistors or photo
darlingtons can be used. In practically
all cases it will be necessary to
experiment with the value of R1. A first
setting can be obtained by applying
half the supply voltage to point A by
means of R1.

For slow-running machines, D1 can
sometimes be replaced by an LDR. As
soon as more light is incident on D1, the
current through D1 will increase so that
the voltage on point A drops. Via Cl
and C2 this voltage drop is fed to the
monostable multivibrator N2/N3.

In the quiescent state both inputs of
N3 are earthed via RS, so the output

of N3 is ‘high’. Consequently, the two
inputs of N2 are ‘high’ so that its output
is ‘low’.

As soon as a negative pulse arrives at
one of the inputs of N2, the output of
N2 changes to ‘high’ and causes gate N3
to change state, so that the second input
of N2 goes ‘low’. Even when the trigger
pulse on the input of N2 cuts out, the
circuit remains in this condition. Only
after C3 (+C4) is (are) charged to such
an extent that the voltage on the inputs
of N3 are ‘low’ again will the circuit
return to the initial state. Thus the
monostable multivibrator changes any
input pulse on D1 into a pulse of
constant width. These pulses are fed to
the meter via buffer stage N4.

The lamp in the supply line provides a
better stabilization than a resistor, at
the same time giving an on/off
indication for the meter.

The measuring range can be doubled
with S1. When S1 is closed, the range is
from 0 to 33 Hz (0 — 2000 r.p.m.);
when S1 is open the range is from 0 to
66 Hz (0 — 4000 r.p.m.).

Ra c4
E st I
c3

et c2 ’_‘
o 470p (— i
R3 RS
g "M ;
D1
N1-.N4=CD40U o C3-C4-8n2

* see text
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This Tachometer adapter was
primarily designed to be used

in conjunction with the UAA 170
LED meter (Elektor 12,

April 1976, p. 441) and will give a
clear ‘analogue’ indication of the
number of revolutions made by
the car engine. This article gives

a short re-cap of part of the
original article plus the additional
information needed to make

a full-fledged Tack.

For some time Siemens has been mar-
keting two ICs suitable for driving
analogue LED displays. One of these
is the UAA170, a 16 pin IC with 8
encoded outputs capable of driving
a column of 16 LEDs. Only one of
these LEDs is lit at any time, which one
is lit being dependent on the input
voltage;, as the voltage is increased a
point of light will move up the column.
The possible applications for LED
meters are numerous, but they are
particularly useful in applications re-
quiring mechanical robustness, such
as use in the presence of mechanical
vibrations, which could damage moving
coil instruments. Here the absence
of moving parts gives the LED indicator
not only an almost unlimited life,
but also, the ability to follow very
rapid input signal changes, since there
is no inertia to overcome.

Reference voltage inputs

To establish the input voltage range
over which the circuit operates a refer-
ence voltage must be applied between

pins 12 and 13 of the IC, with pin 13
being the more positive of the two. The
voltage at pin 13 sets the fullscale
reading of the meter. For input voltages
in excess of the voltage at this point
the last LED in the column will light
and stay lit. The voltage at pin 12
establishes the lowest reading of the
meter. For input voltages equal to or
less than the voltage at pin 12 the first
LED in the column will be lit.

30 LED display

For applications requiring greater resol-
ution than can be provided by 16 LEDs
the circuit may be extended using two
ICs as shown in figure 1. Both ICs
receive the same input voltage at pin 11
but the reference voltages are arranged
so that the first IC operates over the

input voltage range of say 0 — v and

2:

v
2~V

where V is the full-scale input voltage.
It is necessary to omit the last LED
from the display of the first IC and the

the second IC over the range

® 2
0...15v 12v
" e D
0k
L 100K
ITR;‘ﬂ* ciill
110k = E | proen
R3
Tk
19) 9 16| 15, 14 13| il 1l 10| 9

IC1=UAA170
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first LED from the display of the second
IC, otherwise for voltages in the lower
half of the range the first LED of the
second IC would always be lit, and for
voltages in the upper range the last LED
of the first IC would always be lit. For
this reason only 30 LEDs may be used,
not 32. This means that D16 and D17
should not be part of the scale, although
they must be included in the circuit.

So that the omission of these two LEDs
does not cause a ‘blind spot’ in the
middle of the display it is necessary to
arrange that the second LED of the sec-
ond IC lights as the 15th LED of the first
IC extinguishes. This is accomplished by
having the reference voltage on pin 12
of the second IC lower than the voltage
on pin 13 of the first IC. The voltage
difference between these two points can
be adjusted so that D18 begins to
light as D15 extinguishes. There should
be no blind spot where both LEDs are
extinguished, nor should two or more
LEDs be fully lit at the same time.

Brightness Control

The output current delivered to the
LED display, and hence the brightness,
can be altered by a brightness control
connected between pins 14 and 16 of
the IC. This may take the form of an
LDR or phototransistor to adjust the
display brightness to suit ambient
lighting conditions, or it may be a man-
ual control such as a potentiometer. The
control is connected in place of the two
fixed resistors R2 and R4. A fixed re-
sistor between pin 15 and ground adjusts
the control characteristics of the bright-
ness control.

Figure 2a shows two methods using
a photo-transistor, and a LDR. Since
there are two ICs in the circuit they
would both require a photo-transistor.
These transistors must then be mounted
in close proximity to each other,
otherwise differences in lighting could
cause uneven scale brightness. However,
it has also proved possible to intercon-

Figure 1. The original LED meter circuit dia-
gram. D16 and D17 must be included in the
circuit, although they can not be used as part
of the scale.

Figure 2. Two methods for obtaining auto-
matic display brightness control.

Figure 3. Block diagram of the tachometer.

Parts list for figure 1

Resistors: Capacitors:

R1 =470k C1=100n
R2,R4,R6=10k

R3,R5=1k Semiconductors:
R7,R8 =22 k IC1,1C2=UAA170

P1 = 10 k preset
P2 = 100 k preset

D1...D32=LED

2a
J
AN
() .
16 14 16 14
UAA 170 UAA 170
9460 - 2a
2b
A
16 ha
UAA 170 UAA 170
5460~ 25
3
+
% | T R
— ®H1n ’
0_. A % B CfI
i 94603

nect the pins 16 of the two ICs, and use
one photo-transistor or LDR between
these pins and either of the pins 14.
This is shown in figure 2b.

Tachometer converter

The circuit to adapt the LED meter to a
full-fledged tachometer need not be
complex, a simple monostable multi-
vibrator will do. At the Elektor Labs a
simple but effective design was devel-
oped using only one 555 IC. This
design uses an input stage with one tran-
sistor and a filter in the output.

The block diagram of figure 3 gives an
impression of how the circuit functions.
Due to the fact that the crank shaft and
the breaker contacts are coupled the
pulse train produced by the breaker
contacts is some multiple of the engine’s
rev’s. These pulses are fed to the input
stage (block A in figure 3) which, in con-
junction with capacitor C, gives them a
better shape. After shaping they are
used to trigger the monostable multi-

vibrator (block B). For each pulse
applied to the input of the monoflop,
a positive going pulse appears at the
output. These positive pulses all have
the same width and amplitude irres-
pective of the input pulse train. As the
input frequency goes up, the duty
cycle of the output also goes up. These
pulses are fed through an integrating
filter (Rf and Cf) which changes the
pulsed output into a DC voltage with
very little ripple. The ripple should be as
low as possible because the LED meter
responds so quickly that severe ripple
on the DC will cause several LEDs to
light up ‘simultaneously’.

Depending on the number of revol-
utions made by the engine, the mono-
stable multivibrator will produce many
or few pulses per unit time. A low
number of pulses will give a low output
voltage and a high number of pulses will
produce a higher voltage at the filter
output. This voltage is displayed by the
LED meter.
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The input stage

The input resistor R1 (figure 5) is
connected to the junction of the con-
tact breakers and the ignition coil.
R1 and R2 and the zener diode DI
protect the input transistor against
high voltages. The moment the contacts
open and the plugs spark, an oscillation
occurs involving negative and positive
peaks of a few hundred volts (see figure
4a, upper voltage form).

During the time that there is a positive
voltage across the breaker contact,
T1 is driven and the collector voltage
drops. IC1 is triggered by this negative
edge. Capacitor C1 serves to prevent
the 555 from being triggered by short
pulses.

The frequency at which the contact
breaker feeds pulses to the input stage
depends on the type of engine: the
‘stroke’ number of the engine (two-
stroke or four-stroke), and the number
of cylinders. The frequency f at which
the contact breaker opens and closes is:

_N C

RS

where N is the number of revs per min.
C is the number of cylinders, and
S is the number of strokes in one com-
plete cycle.

So for a four-stroke four-cylinder engine
we have:

f

NX
30

f=

IS
3l =z

w

At an engine speed of 6000 r'p.m. the
corresponding frequency is 200 Hz.
By using this formula it is possible
to calculate the frequency of breaker
pulses for other types of engines.
This can be useful when calibrating
the instrument.

The monostable multivibrator

The monostable multivibrator is built
around the 555 (IC1 in figure S), an old
acquaintance whom we need not
introduce again. The IC requires only a
few external components for reliable
operation. P1, R6, and C3 determine
the duration of the output pulses;
P1 is variable, so that the circuit can be
adjusted to maximum output voltage at
a given number of revs. The IC is trig-
gered via pin 2 by means of a short nega-
tive pulse (<5 V). Capacitor C2 has been
added to ensure that the trigger pulses
are of short duration. Otherwise at low
engine r.p.m.’s the collector of T1 could
remain low longer than the monostable
time, and the 555 might then be triggered
again. As a result, a multiple of the actual
number of revolutions would be indi-
cated. This is prevented by the combi-
nation of C2 and RS.

The diodes D2 and D3 ensure that the
input voltage at point 2 does not exceed
or drop below the supply voltage, as this
would damage the IC.

If the output pulses last too long, i.e.
longer than the period of the input fre-
quency, but shorter than twice that
period, the IC will not yet have returned
to the initial position when the next trig-
ger pulse arrives. This will mean that
every second pulse has no effect. (The
555 is not re-triggerable). If alternate
pulses are lost, it will seem as if the en-
gine is running at only half its actual
speed. To prevent this P1 must be ad-
justed so that the mono-time is shorter
than the shortest period (corresponding
to the highest input frequency).

5

Parts list for figure 5

Resistors:

R1,R9 =100 k
R2R7 =1k

R3 = 5k6
R4=47Q
R5,R8 =10k
R6 = 3k3
R10=27 k

P1= 100 k preset

Capacitors:
C1=68n
C2=47n
C3,4=100n
C5=100u/16 V
C6=22u/16 V
C7=2u2/16 V
C8=220n
C9=10u/16V

Semiconductors:

T1,T2 =BC 547 B, BC 107 B, 2N3904
1C1 =555
D1 = zener 4V7/400 mW
D2,D3 = iN4148

D4 = zener 9V 1/400 mW

BC547B

100k

_ -2 Ao
?ﬁn f T}On T}On

2u2
16V

D2.D3-1N4148

* see text

— 9460-5
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Figure 4. Some waveforms as they occur in
the circuit of figure 5. In 4a the trigger pulses
on point 2 of 1C1 are large enough; in 4b the
pulses are insufficient owing to the influence
of C1. For the sake of clarity, the ripple volt-
age at the output is shown exaggerated.

Figure 5. The diagram of the tachometer. The
input is connected to the breaker contacts of
the car engine; the output drives the LED
meter.

Figure 6. The p.c.b. and component layout
for the LED meter (EPS 9392-1).

Figure 7. The p.c.b. and component layout of
the tachometer (EPS 9460).

The output filter and display

An output filter is not needed in normal
rev counters because of the type of
readout employed. A moving coil meter
cannot possibly follow the pulses of
the monostable because of its mass
and self inductance.

When using a high-speed electronic
read-out however, it is necessary to
carefully filter the output to avoid
having several LEDs light up simul-
taneously. This filtering is achieved
by a series connection of three RC
networks. Consequently, the output
impedance is fairly high. This is no
problem when it is used with the LED
meter, but it is not suitable for a moving
coil instrument! The output from
the adapter is connected direct to the
input of the LED meter (figure 1).
Note the value of R1 (470Kk); in the
original article a different value was
shown to obtain a wider input voltage
range.

Supply and construction

Although the pulse duration of the
square waves at the output of the 555
is practically independent of the supply
voltage, it is still necessary to stabilize
the supply voltage because the ampli-
tude of the square wave voltage is equal
to the supply voltage, thus directly
influencing the output voltage of the
circuit. Stabilization is provided by
means of a zener diode. However,
here the usual series resistor for the
zener has been replaced by a simulated
self inductance (see Elektor nr. 2,
page 253) consisting of one transistor.
The total current consumption of the
circuit remains below 10 mA.

The three p.c.b.s. can be mounted
by using a long bolt pushed through
the central hole in each board. Spacers
are used between the boards.

The whole assembly can now be accom-
modated in a suitable housing. For this,
even a round VIM tin, or something

o7

m - 1508
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tachometer

similar could be used. An alternative
solution is to build the circuit into a
P.V.C. sleeve link for drain pipes (see
photograph 3),

Adjustment

The circuit in figure 5 is intended for
use with four-stroke. four-cylinder
engines running at a maximum of
5800 r.p.m. For other engines the
highest occurring frequency can be
calculated by means of the formula
given earlier. C1 is adapted accordingly
by multiplying the value from figure 5
by
200
f max
range of P1 is sufficiently wide to
compensate for extreme cases, but C3
can be adapted if required.
A simple adjustment procedure is as
follows:
® turn Pl on the tachometer p.c.b.
fully anti-clockwise
® turn P2 on the LED meter p.c.b.
fully anti-clockwise
® apply the supply voltage (+12 V)
® connect the input to the secondary
of a step-down transformer giving 5
to 15V at50Hz
® turn Pl on the tacho board until
the read-out indicates 1500 r.p.m.

50
(50 Hz corresponds to —— * 6000 =

200
1500 r.p.m.).
This completes the adjustment, and the
circuit can be built into the car. Owners
of an audio signal generator can follow a
slightly different adjustment procedure:
— turn Pl and P2 anti-clockwise
— apply a frequency to the input
which is 10% higher than the maxi-
mum occurring frequency
— Turn Pl clockwise, the readout
should be slowly increasing; at some
point the readout will jump back
to about half reading; leave Pl
at this setting
— now apply a frequency which corre-
sponds to the fastest revs possible,
the readout should now have jumped
back up to almost the correct reading

. In most cases the adjustment

°°°3?o°°
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Figure 8. Front panel (EPS 9392-2).

Photo 1. This photograph clearly shows the
linearity of the rev. counter. The output {1 V/
div) is plotted as a function of the frequency
of the input signal (40 Hz/div.)

Photo 2. The complete p.c.b. of the tacho-
meter.

Photo 3. A possible suggestion for the as-
sembly of the entire rev. counter. Because this
is ademonstration model, the spacing between
the boards is excessive.

— adjust P2 to a correct r.p.m. indi-
cation.

If the r.p.m. reading in the car suddenly
jumps over to double-value indication,
this can be remedied by experimenting
with R1 on the tachometer board.
The latter should, however, never be less
than 4k7.

If the reading suddenly changes over to
half-value indication, Pl is not properly
adjusted, and the entire procedure must
be repeated. |

1

1V/div

—=40Hz/div
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digital

Until recently, the speed of a car engine (r.p.m.) was
measured with an analogue system. It stands to reason that

a digital method would do equally

® well. In principle this can be
done with a common
frequency meter. Since in this

case the number of revolutions per minute (r.p.m.) is to be measured, the
time base will have to be somewhat adapted.

The contact breaker in every car (except
diesels) and on every engine closes and
opens a certain number of times per
minute. This number is determined by
the following factors: the number of cy-
linders, the type of engine (two-stroke or
four-stroke) and the number of revo-
lutions per minute. If the first two data
are known, it can be calculated how
many pulses a certain contact breaker
gives per second at a certain number of
revolutions per minute.

A one-cylinder two-stroke engine gives
one pulse per revolution. A one-cylinder
four-stroke engine produces one pulse per
two revolutions. So a four-stroke engine
gives half the number of pulses at the
same number of revolutions. This leads to
the formula for the number of pulses
per second any type of engine produces
at a certain number of revolutions (per
minute):

_nxc
P 60xa
where p=  pulses per second (p.p.s.)
n=  revs per minute (r.p.m.)
c= number of cylinders
a= 1 for two-stroke, 2 for

four-stroke.

By means of this formula we can now set
up Table 1 which immediately shows the
fixed r.p.m./p.p.s. ratio for each type of
engine. For instance, a most common
engine is the four-cylinder four-stroke. At
6000 r.p.m. this engine produces 200
p.p.s. To express the r.p.m. in four digits
will therefore take some 30 seconds. This
is, of course, out of the question because
within the time span of 30 seconds the
number of r.p.m. is subject to variation.
Consequently, the number of digits
shown is reduced to two. The measuring
time is then only three tenths of a
second. The engine speed can thus be
measured with an accuracy of < 1%,
which is amply sufficient. Nabody will
care whether an engine makes 3418 or
3457 r.p.m.

The circuit
The pulses produced by the contact

breaker are usually a bit frayed due to
contact ‘chatter’, and the voltage pro-
duced is variable because of the resulting
inductance voltages.

Since electronic circuits in general have a
severe dislike of inductive voltage peaks,
these voltages will have to be suppressed,
or at least limited. A zener with a capa-
citor in parallel for the sharp peaks
provides sufficient protection. This pro-
tective network is formed by Ry, Cy and
D; (see figure 1). Thus the inductive peaks,
and to some extent also contact chatter,
are suppressed. The remaining chatter is
suppressed by means of a monostable
multivibrator, which uses half of a 7400
1C. This one-shot responds to pulses with
a width of 50 us or more. In addition, the
one-shot passes pulses wider than the
characteristic pulse time for their entire
length, so that spurious pulses have no
effect.

The timebase is provided by a simple, yet
relatively stable UJT-oscillator. Its pulse
width can be adjusted over a wide
range by means of potentiometers Rs and
Re; the first is for coarse adjustment, the
second for fine. In some cases the value of
R4 must be changed (larger or smaller) to
enable the required pulse width to be set.

In contrast to the usual circuits, the out-
put pulse is not used to drive a counter
gate. The signal to be counted is fed con-
tinuously to the counter input of the
digital counter used. This is possible
because the measuring time is so long that
the measuring error due to the latch- and
reset time is negligible.

The signal for the buffer memory used in
the counter is derived from the discharge
pulse the UJT produces across Rg. The
transistors T3 and T4 provide a level
suitable for TTL circuits.

The latch signal thus obtained is a
positive pulse. The negative edge of this
pulse is used for triggering a one-shot, so
that a reset pulse can be produced after
the latch pulse. The decade counter, type
7490 (generally applied in digital
counters) must be reset with a positive
pulse. However, the one-shot produces 2
negative pulse. Moreover, the delay
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between latch and reset is too small to
ensure optimum functioning. Therefore,
the positive trailing edge of the negative
pulse is used. After differentiation with
Cs and Rys a useful signal appears on the
reset output. Diode D, suppresses the
differentiated pulse caused by the
negative flank.

So far the overall control circuit. Ifs
layout is shown in figure 2.

In principe any digital decade counter
can be used, and one that is eminently
suitable is the minitron counter. This
decade counter consists of a display board
with several counter boards mounted
at right angles to it. For this application
the display board is shortened to about
5 ¢m, so that it can accomodate only two
minitrons. The complete minitron
counter with two decades is then a block
of no more than S x 6.5cm. The
dimensions of the control circuit board
are reduced correspondingly.

The diagram of the minitron counter is

shown in figure 3. The 7490 is connected
as a normal divide-by-ten circuit. The
buffer memory, or latch, is a 7475. This
IC contains four D-flipflops that store
the information from the 7490 or pass it
on continuously, as required. When
mounting the IC on the board, pin 8 must
be cut off; or, if IC sockets are used, pin 8
can be removed from the IC socket.

Via the 7475, the BCD information is fed
to the 7-segment decoder 7447 which
drives the minitron directly. The board is
shown in figure 4. By means of soldered
connections the display and counter
circuit boards are joined to form a kind of
block. Figure 5 shows how and where
the soldered connections must be made.
The width of the control board matches
that of the counter boards so that that,
too, can be soldered to the display board.

Supply
The rev. counter operates on the usual
voltage for TTL-ICs, that is 5 V.

Figure 1. Circuit diagram of the control circuit.

Figure 2. Printed circuit board and component
lay-out for the control circuit.

1

to counter

-

R1
oo
from

contact
breaker

IC 1 =7400

Parts list

470 k, trim.
47 k, trim.

Ry =100 k

Rg =2208)

47 k
4k7

DDD
DD
@29

us)
B,
N
wmuwn

[ ]

w

o
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Capacitors:

C1.C4=0.1 u
Resistors: Co
R1,R9,R3= 10k C3
Ra.Ry4, = 1Kk Cs

Semiconductors:
11,73, T4=TUN
100 Q2 To

D4

=0.68U
=1 IJ
=150n

= 2N2646 (UJT)

= 7400

=zener 15V, 250 mwW
= DUS

Table 1.

6000 r.p.m.

8000 r.p.m.

Engine type

Pulses per second

1 cyl. 2-stroke 100
2 cyl. 2-stroke 200
3cyl. 2-stroke 300
1 cyl. 4-stroke 50
2 cyl. 4-stroke 100
4 cyl. 4-stroke 200
6 cyl. 4-stroke 300
8 cyl. 4-stroke 400

133
267
400

67
133
267
400
533

Reset courter

Latch  contact breaker
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Adjustment

There are several ways of adjusting the
rev. counter. The most accurate method
is by using the mains frequency or a
crystal time base. Unfortunately, the
latter will not always be available.
Another possibility is to use a tone gener-
ator. Both mains frequency - and tone
generator adjustment are discussed below.

Adjustment with the tone generator
For this method of adjustment, a tone
generator with calibrated tuning scale for
reasonable accuracy is a first requirement.
Table 1 gives the frequencies corres-
ponding to a certain type of engine
running at 6000 or 8000 r.p.m. Further-
more, each frequency corresponding to a
certain engine speed can be calculated

with the formula given above. So far so
good.

However, the circuit responds only to
square wave voltages, so the tone
generator will have to produce a square-
wave output, or the conventional sine-
wave must be converted into a square
wave.

This can be done with the simple circuit

3 5
decimal
point

— -,
— N —N—
.
3
TEST
RBO -2 IC3 _a iIC3 decoding +
RB1 5 7447 gl 7447 control
CI P N A R
1s] o] 1of 16 5[ of 1ol 16
D C| 8 A [v] C B Al
i ic2 g Ic2 .
13 7475 13 7475 register
to next 3 7 El 2 I G
decade ;
‘ o 8 iI 12 B el of 12
ol ¢ 8 A ol c| 8l A
IC 1 i IC 1 g fneut a
7490 7490
\21 \I 1 E7 [\2_]\ %4E7
b is%0-3 L
latch reset

6

D

approx. 6 V~

7 :

coil

coibo—l :.
coibo-----l |‘»--J

33n/400v

o rev. counter.
——o
)

156907

Tabte 2.
Engine type rem indication
at 50 pps
1 cyl. 2-stroke 3000
2 cyl. 2-stroke 1500
3 cyl. 2-stroke 1000
1 cyl. 4-stroke 6000
2 cyl. 4-stroke 3000
4 cyl. 4-stroke 1500
6 cyl. 4-stroke 1000
8 cyl. 4-stroke 750

C_E/

cutoftpin 8

1see Texty

MINITRON




digital revolutions counter

elektor december 1974 — 15

in figure 6. The output signal of this
circuit is about 10 V, which is sufficient
to operate the rev. counter.

Adjustment with mains frequency
Here again the auxiliary circuit of figure 6
is used, for the mains voltage is a sine
wave. A simple bell transformer, or some-
thing similar, will provide the required
voltage of 6 V.

The square wave output from the circuit
is applied to the input of the control
circuit.

Table 2 shows what the rev. counter
should indicate when used with a given
type of engine, and operating on a 50 Hz
input signal. While the input signal is
applied, the counter can be accurately
adjusted by means of Rs and Rg. Adjust-
ment must be such that the reading
fluctuates as little as possible between
various values. As is usual for most digital
counters, the last digit can jump plus or
minus one.

Engines with several ignition coils

Some engines have more than one
ignition coil and contact breaker. In this
case the various channels from the
contact points should be coupled with
capacitors. Figure 7 shows how this is
best done. A little of experimenting may
sometimes be necessary to find the best
values for the capacitors. »

Figure 3. Circuit diagram of the minitron
decade.

Figure 4. Printed circuit board and component
lay-out for counter plus display. For this
particular application the display board can be
shortened to about 5 cm.

Figure 5. The photograph shows clearly how
the soldered connections between the two
boards must be made.

Figure 6. Auxiliary circuit for adjusting the rev.
counter by means of a tone generator or with
the mains frequency.

Figure 7. if the engine has more than one
ignition coil, this auxiliary circuit can be used
to obtain a correct speed indication.

1560




LIGHT ACTMATED
TACHOMETER

By using optical sensing this unit allows measurement of rotational speed without the

need for actual contact!

THE USE OF a non-contact method of
measuring RPM is not only convenient
but sometimes the only method possible.
Some motors used for model aircraft
have a capacity of only 0.15¢cc yet run
at speeds in the 25000 RPM region. The
power required to turn a mechanical
tacho would be many times the power
of such a motor. Also on some machines
there is no convenient place a normal
tacho can be fitted.

Design Features

As the main application for this unit
was to be outdoors it was decided that
an LCD display would be preferable to
an LED and more easy to read than an
analogue meter. Unfortunately LCDs
are not yet readily available, and nor
are the ICs needed to drive them.
However the Intersil Evaluation kit
which we have used in the past is fairly
easy to get hold of, and so we based the
design around this unit. This meant
converting the pulses from the sensor

into a voltage. This however has another .

benefit in that a greater resolution can
be obtained more quickly. To have a
resolution of 10 RPM with a two bladed
propelier a sample time of three seconds
would be necessary.

The use of the BPW34 photodiode
in the photovoltaic mode, ie actually
generating a voltage, simplifies the
biasing otherwise needed.

Construction

Al the electronic components are
mounted on a single card with the
exception of the photodiode. To save
on real estate the main voltmeter {C is
mounted under the display.

Initially, assemble all the
components apart from the ICs and the

50

——SPECIFICATION——

RPM range
Low 0 —20000 .
High 10000 — 30000
Resolution 10 RPM
Display 12mm LCD
Detection method reflected light
Power 9V @4mA
Battery life (216) about 150 hours

ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1979




g

When using this unit to measure RPM, be
the application a model aircraft motor or
some other rotating object, the propeller
or the white line ( see operation section )
gives rise to a changing light level. D1
which is a photo diode used in the
photovoltaic mode, sees this light level and
gives out a voltage proportional to the
light. As this is only a small signal it has to
be amplified before it can be used. This is
done by IC3a. The transistor Ql is
included to provide some gain control
allowing the unit to be used in differing
light conditions without the need for any
adjustment. The output of the amplifier is
rectified by D3 to provide a negative

“HOW IT WORKS

voltage on the gate of Ql. When the
output of the amplifier is small the gate to
source voltage will be near zero and the
FET will appear as a low value resistor
giving high gain to the amplifier. If the
light change is such that the output of the
amplifier is large, the rectified voltage on
the gate’ of Q1 will cause the resistance of
the FET to increase decreasing the
amplifier gain. In this way the output of
the amplifier is held relatively constant
irrespective of the light level. Diode D2

is necessary to prevent the amplifier from

saturating on the positive swing.

The output is then squared up by IC3b

1c4 2
ICL 7106 |
LcD
0
51 DISPLAY
2b
C 30
Svrer l —2?
Cc1a R25
100n 220k
28
c15
220n
[-—-27
34
c1e L
100n"[
33
NOTE 26 . P
VO(l)_TAGESEGIVENSAgE OF THE Fig 1. Full circuit
PROTOTYPE BUT SHOULD BE TYPICAL. .
TEIIENVGARQEVRSEJPEPH%EVE ;o V REF diagram of the
U A LY WITH THE SENSOR H
UNDER FLUORESCENT LIGHT, THE @ tachometer unit.
DISPLAY READS 3.00
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where the positive feedback provided by
R12 ensures that the output switches
quickly. The output from this IC then
triggers the monostable formed by Q2.
What we have now is a pulsc about 50us
long every time the propeller blade passes
the light sensor.

Before continuing, you may have
noticed that besides the +9V and 0V we
also have a line marked Vret. This is
derived from IC4 which is a voltmeter
chip and is a stable voltage of about
2.8 volts below the +9V line.

The output of thc monostable (Q2)
turns on ICla for 50us, discharging C2
which is then allowed to recharge to Vref.
This voltage is compared (by [C2) to the
voltage set by R2 and R3. The output of
IC2 is a negative pulse of about 900us.
As it is on a stable voltage supply,
variations in battery voltage will have very
little effect on the output pulse width,
Capacitor C3 is used to force the positive
input of IC2 above the negative one for
the 50us pulse ensuring that this time is
not included in the output pulse. IC1b is
used to invert this pulse and its output,
and the output of IC2, control IC2¢/IC2d.
The output of IC2¢/IC2d is a positive
pulse switching between Vref. and the
+9V line. _

This is then filtered by two 2 pole
active low pass filters, IC3c and IC3d. As
these have a cutoff frequency of around
10 Hz the output for most applications
will be the DC voltage component only.
This is measured by IC4 which is a
complete voltmeter.

As offset voltages and currents can
cause the output of the filters not to be
exactly zero with no input, the positive
input of IC3d is biased up about 30mV
and then by injecting a current into the
negative input (by R19 and RV1)
correction can be made. For measuring
RPMs above 20000 and below 30000 a
current is injected into the negative input
via R18 and this subtracts 10000 RPM
from the reading.




——BUYLINES- PARTS LIST
The only awkward component CAPACITORS
here will be the BPW 34 photo RESISTORS fall % w 5%) C1,5.7.8,12  1u 35V tantalum
diode. However a quick hunt R1.7.8 180k gg ?2; gg:yzg\gne
through some catalogues showed R2, 20 150k C4. 14,16 9 100n Pg’”yester
us that Electrovalue sel! the item gi 1; ;g 27,28 10M0k 6,17 100p Ceramic
at £1.73. .evaluation kits should RE ka €10 820p Ceramic
be available from people like R6, 26, 29 AM7 g]; 18 ?gz ;Slvez":grta'“m
Technomatic and Marshalls. R9 12k C15 220n Pg'lyester
R10.14,23 10k SEMICONDUCTORS
R12 330k IC1 4016
R15 33k IC2 301A
R16 15k IC3 324
21; 4k7 ica iCL 7106
R21 120k Q1 2N5485
R24 1k Q2,3 BC548
R24 2k2 D1 BPW34
220k D2. 3 TN914
POTENTIOMETERS
Rv1.2 50k trimmer MISCELLANEOUS
Rv2 Tk trimmer — PCB, toggle switch, pushbutton, LCD
10 turn type display (evaluation kit?) case, battery clip.

Left: the BP34 photo-diode mounted on its lead. Shielding it
from ambient conditions, in a tube for example, helps operation.
Below: Fig 2 the overlay and wiring diagram. Note the D1
polarity is not important.
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display, taking care not to bridge
between the tracks with solder. Also
note that some of the capacitors have to
be laid on their side to give a low height.

The ICs can now be added being
careful to polarize them correctly. Due
to the display being mounted over the
main IC it is not posible to use a socket.
A socket can be used for the display if
desired however it will have to be
modified by cutting it into two strips.

As there are no polarity marks on the
display it is necessary to hold it at the
light and look for the outline of the
digits. A link for the decimal point
should be added as shown in the
diagram.

We mounted our unit in a metal box
we made with the photodiode mounted
about 25mm from the end of a 75mm
long tube in front of the box. This
narrows the field of view of the diode
as well as giving a little more clearance

.bertweehhhi‘gh' speed propellors and the
fingers!

Calibration

Switch on the unit and cover the
photodiode to prevent any light
reaching it. Now adjust RV 1 until the
display reads zero.

Uncover the diode and point it at
a fluorescent light. It will now give a
reading and RV3 should be adjusted
to indicate 3000 RPM.

Again cover the diode, then press
the high range button and adjust RV2
to give a reading of —10000 RPM.
Under fluorescent light it should read
—7000 RPM

Operation

THis unit relies on a changing light level
for its operation. For use with a model
aircraft, holding the unit near the
propeller enables detection of the
changes in the reflected light level. To
measure the speed of other rotating
equipment it may be necessary to paint
a series of white lines to give the sensor
something to ‘see’.

However the unit cannot be used

under fluorescent lights as it will see the
100 cycle flicker (see calibration
section) . In cases where this has to be
done, and places where the ambient
light is low, a small incandescent globe
can be used to shine on the spot looked
at by the sensor.

The unit, as described, is scaled to
read up to 20000 RPM with a 10 RPM
resolution, assuming two input pulses
per revolution. If a different number of

PROJECT: Light Tacho

Above: full size foil pattern for the tacho unit.

Below: An assembled pCB. Comparing this with the overlay shown opposite should

help with construction.

input pulses is to be used, e.g. a three or
four bladed propeller, the value of
R1 can be changed. (R1 = 360k /
number of pulses). The use of more
than four pulses per revolution is not
recommended on this range. If 2000
RPM is more than is needed for your
application the value of R1 can be
increased by a factor of 10, preferably
with more than ten pulses per
revolution.
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Unlike a frequency meter,
overranging this unit will cause the |
display to blank and greater resolution
cannot be obtained simply by using a
lower range. However an offset of a |
fixed number of RPM can be used as
described in the ‘How It Works’ section.
Using the values given, when the high
range button is pressed, 10000 RPM
must be added to the reading. EN
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REV. MONITOR -
COUNTER

This design uses light bulbs to indicate the upper and lower limits of ideal rev
ranges. Details are also given of an optional analogue tacho which can easily be

added.

WE HAVE HAD many requests to
publish the design of a digital tacho-
meter for use in cars. However, a
couple of factors make this less than
a practical proposition.

The most important drawback is
difficuity of reading the digital display.
Many cars can rev out over a 5000
rpm range in less than two seconds;
even with 100 rpm resolution this -
would have the second digit changing
every 0.04 seconds.

Additionally, the simplest design
principle — counting the number of
pulses from the distributor over a
period of time — would not offer
acceptable resolution for a reasonable
sampling rate. On a four-cylinder car,
a two-digit readout, i.e. 100 rpm
resolution, calls for a sampling time of
0.3 sec, while 3 sec is needed for a
three-digit readout.

Analogue meters are easier to read
but may be a little siuggish with cars
which can rev out quickly in first gear.
We therefore decided to design an
analogue tacho and add three indicator
lamps to give an instant indication or
warning of engine speed. One of these is
on below a set rpm indicating that the
motor is below the ideal minimum, a
second which is on between certain
limits indicating the working range of
the engine and the third comes on above
a set rpm indicating too high an engine
speed. All the limits are adjustable and
by overlapping the limits five bands of
engine speed can be indicated.

Where the vehicle is already fitted
with a tacho, or one is not wanted, the
lights can be used by themselves. This
reduces the cost considerably, while the
lights still give an indication of engine
speeds and when to change gear.

Construction

The electronics can be assembled on
the printed circuit board with the aid
of the overlay in Fig 3. Due to the
number of components, the use of
the printed circuit board is recommen-
ded. The value of R4 should be selected

from Table 1.
The mechanical arrangment for the

lights and meter we have left to the
constructor as variations in style
required make it difficult to give any
details.

Adjustment

The potentiometer RV1 should be
adjusted to give stable readings over the
entire rpm range. Calibration of the
meter is done by RV2 and this should

ELECTRONICS TODAY INTERNATIONAL — DECEMBER 1977
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be done against a known instrument..
The lights are adjusted by RV3, RV6,
RV4 and RV5 (from the lowest to the
highest limit) to whatever levels are
required. :

All the components for this project
should be available from most of the
larger component suppliers advertising
in this issue.

The cost of this project, excluding
meter and case, is approximately £6.50.
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"BUILD A By Walter Sikonowiz
ital

Low-cost unit
measures
rotational speeds
by optical
coupling.

OST ANALOG and digital tachom-
eters require a mechanical or elec-
trical interface with a rotating shaft. By
contrast, this project, a digital photota-
chometer, measures rpm by optical
means. It features a two-digit LED read-
out to display rotational speeds from 100
to 9900 rpm and a time base derived
from the 60-Hz ac line, obviating the
need for calibration adjustments.
Stability of the time base is good
enough so that tach readings are accu-
rate to the usual +1-count uncertainty
in the least significant digit. Modifica-
tions of the counting circuitry or sensing
system can extend the measuring range
one decade above 9900 or below 100
rpm, respectively. Total project cost is
about $30.

Optical Sensing. As its name im-
plies, the photo tach measures rpm by
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Fig. 1. Transmissive (A) or
reflective (B) mode can be used
to chop light for photosensor.

optical interaction with a rotating device.
Measurements can be made by either of
two basic means, which we'll call the
transmissive and reflective modes. In
the transmissive mode, the rotating de-
vice momentarily interrupts the optical
path between a light source and a pho-
tosensor (Fig. 1A). This mode has limit-
ed usefulness. Although it's ideal for
measuring the rotational speed of a fan
or similar device, there are many situa-
tions in which it cannot be used. The
transmissive mode requires a light chop-
per such as fan blades or a notched disc
mounted on the motor shaft. If there isn't
room enough to accommodate the
chopper, this mode is impracticable.

The reflective mode is illustrated in
Fig. 1B. A small strip of reflective tape is
mounted on the motor shaft. If neces-
sary, contrast can be increased by dark-
ening the shaft background with black
paint or tape. The light source and photo
sensor are arranged so that light is re-
flected from the foil and toward the sen-
sor as the shaft rotates.

About the Circuit. The schematic
diagram of the phototach is shown in
Fig. 2. Phototransistor Q7, the optical
sensor, is connected to the rest of the
project by a short length of shielded ca-
ble terminated with P17, an RCA phono
plug. When Q7 is illuminated by a
chopped light beam, it alternately turns
on and off. The resulting wavetorm at
the collector of Q7, which approximates
a square wave when the light beam is
sharply chopped, is coupled by C1 to
IC1, a comparator used as a Schmitt
trigger. Feedback provided by R6 estab-
lishes the hysteresis that is characteris-
tic of Schmitt trigger behavior.
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Resistors R2 through R5 are close-
tolerance components that maintain
nearly equal biasing on the inverting and
neoninverting inputs of IC7. The output of
the Schmitt trigger is a square wave
compatible with the TTL integrated cir-
cuits forming a two-decade frequency
counter.

Output pulses from IC? are gated by
flip-flop IC2. The control signal for IC2is
the time-base waveform, which is gener-
ated from the 80-Hz line in the following
manner. Transformer T1 and diodes D2
and D3 form a full-wave rectifier which
develops a 120-Hz output. Diode D4 iso-
lates the cathodes of D2 and D3 from fil-
ter capacitor C5. The full-wave rectified
sinusoid at the cathodes of the rectifier
diodes is coupled to the base of Q2 by
R11.

This transistor saturates so easily that
it converts the input waveform into a
square wave appearing at its collector.
The 120-Hz square wave is applied to
IC6, a TTL +12 counter. Output signals
from IC6 are applied to IC7, another
+12 counter. The net result is a square
wave with a 50% duty cycle and a 1.2-
second period. This is the time base that
controls the gating and counter IC's.

Flip-flop IC2 performs the gating func-
tion in a synchronous manner so that no
spurious pulses reach the counters as a
result of the gating process itself. The K
input of the flip-flop is permanently
grounded. lts J input is driven by the
time-base signal, and output pulses
from Schmitt trigger IC1 are applied to
the clock input. During the 0.6-second
interval when the time base is at logic 1,
pulses from IC1 are gated to counter
1C3. When the time base returns to logic
0, no more pulses are passed to the
counter circuit.

The two-decade counter and readout
comprises /C3, IC4, and LED displays
DIS1 and DIS2. TTL 74143 counter
chips are employed in this project. They
contain BCD decade counters, latches,
and decoder/drivers. Current limiting is
built in, so that the chips can be directly
connected to the DL-747 common-
anode displays.

Counter /C4 counts the overflow
pulses of IC3. The negative transition of
the time-base waveform, which appears
at the end of the 0.6-second counting in-
terval, triggers one half of IC8, a 74123
dual monostable multivibrator. A nega-
tive-going, 100-microsecond wide pulse
appears at pin 12 of IC8. This strobe
pulse causes the transfer of data from
the counter outputs into the latches.
When pin 12 of /C8 returns to logic 1, the

second one-shot in IC8 is triggered. A
second negative-going pulse is generat-
ed, this time at pin 4 of IC8, which clears
counters IC3 and IC4. When the time
base returns to logic 1, pulses are gated
to the counter to repeat the process.

If more than 99 pulses are applied to
IC3 and IC4 during the counting interval,
the BCD outputs of both counters return
to 0000 and IC5 catches the overflow
puise from IC4 in the following manner.
Assume that the clear pulse has just ap-
peared. This pulse not only clears the
counters, but resets one half of IC5, a
7474 dual D flip-flop, so that the
Q output (pin 5) is at logic 0. When the
time base returns to logic 1, IC3 and IC4
begin to count. If more than 99 pulses
are received, a positive transition occurs
at pin 22 of IC4. This pulse is applied to
the clock input of the first D flip-flop,
causing the Q output to go to logic one.

The strobe pulse at pin 12 of IC8
clocks the second flip-flop in IC5 after
the counting interval is over. This flip-
flop’s D input is connected to the Q out-
put of the other flip-flop in the IC5 pack-
age. If the Q output (pin 5) is at logic one
when the strobe pulse appears at the
second flip-flop’s clock input, a logic O
appears at pin 8, the second flip-flop’s Q
output. This causes the decimal points
on both displays to glow, indicating the
overflow condition. The clear pulse then
resets the first flip-flop, but the overflow
information remains safely stored in the
second flip-flop.

The power supply furnishes both a
regulated dc voltage and, as mentioned
earlier, a full-wave rectified sinusoid
which is converted into the time-base
waveform. Transformer T1 and diodes
D2 and D3 form a full-wave rectifier
whose output is applied to switching
transistor Q2 and to filter capacitor C5.
Diode D4 isolates the signal driving the
base of Q2 from the filtering effect of C5.
The stable +5 volts dc required by the
TTL integrated circuits is provided by
regulator /C9. Capacitors C6 through C9
shunt any noise on the +5-volt line to
ground, and improve the IC regulator’'s
transient response.

Construction of the photo tach is
straightforward because circuit layout is
not critical. Suitable pc etching and drill-
ing and parts placement guides are
shown in Fig. 3. Molex Soldercons or
sockets can be used with the IC pack-
ages. Be sure to observe pin basing and
polarity of all semiconductors and elec-
trolytic capacitors. Mount regulator IC9
on the project's metallic enclosure for

POPULAR ELECTRONICS
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heat sinking. Spread a thin layer of sili-
cone heat-sink compound on the bottom
of the TO-3 can before mounting it. This
will ensure a good thermal bond be-
tween the IC and the enclosure.

The seven-segment displays should
be mounted on a small piece of perforat-
ed board installed upright inside the en-
closure. Interconnect the displays and
integrated circuits with short lengths of
hookup wire. Insulated hookup wire
should also be used for the eight jump-
ers on the pc board. The power trans-
former, switch, and phono jack fusehold-
er for F1 are mounted off the board. A
probe assembly must be fabricated to
house transistor Q7. The plastic barrel
of a spent ballpoint pen provides a good
basis for the probe. Discard the point
and exhausted ink tube. Then prepare
the phototransistor by clipping its base
lead (see Fig. 4). Remove 1" (2.54 cm)
of the vinyl jacket from one end of a suit-
able length of RG-174-U or RG-58-U
coaxial cable. Comb out the braid and
MARCH 1978
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Fig. 2. Schematic diagram shows how pulses from sensor Q1 are
squared up by IC1, gated by IC2, and counted by IC3 and I1C4.

PARTS LIST

C1—I-pF Mylar capacitor

(C2—1000-pF polystyrene

C3,C4—0.033-pF Mylar

C5—2000-pF, 35-voli electrolytic

C6—100-pF, 16-volt electrolytic

C17, C8, C9, C10—0. 1-pF disc ceramic

D1—1N914 signal diode

D2, D3, D4—1N4002 rectifier diode

DIS1, DIS2—DL-747 common-anode, seven-
segment LED display

F1—Y4-ampere fuse

IC1—LM311 comparator

1C2—7470 J-K flip-flop

IC3, IC4—74143 decade counter/decoder/dis-
play driver

IC5—7474 dual-D flip-flop

IC6, 1CT—7492 + 12 counter

[C8—74123 dual monostable multivibrator

IC9—LM309K 5-volt regulator

J1—RCA phono jack

P1—RCA phono plug

QI—FPT-110 phototransistor (Fairchild)

Q2—2N3904 npn silicon transistor

The following are 4-watt, carbon composition

resistors with 10% tolerance unless specified
otherwise:

R1—5600 ochms

R2 through R5—270,000 ohms, 5%

R6—1.2 megohms

R7—1000 ohms

R9, R10—470 ohms

R8, R13, R14—10,000 ohms

R11—15,000 ohms

R12—2200 ohms

S1—S8pst switch

T1—16-volt center-tapped, l-ampere trans-
former (Signal No. 241-5-16)

Misc.—Suitable enclosure, printed circuit
board, hookup wire, RG-174-U or RG-58-U
coaxial cable, solder, machine hardware,
display bezel, etc.

Note—Phototransistor QI is available (No.
22A21011-6) for $3.50 from Burstein-
Applebee, 3199 Mercier, Kansas City, MO
64111. Decade counter/decoder/display
drivers IC3 and IC4 are available for $3.25
(each IC), from James Electronics, 1021
Howard Avenue, San Carlos, CA 94070.
Transformer T| is available from Signal
Transformer Co., 500 Bayview Avenue, In-
wood, NY 11696 for $5.50. Postage and
sales 1ax (if applicable) extra.
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twist the strands together. Expose 14"
(6.3 mm) of the inner conductor. Tin the
inner conductor and braid with a small
amount of solder.

Feed the coax through the pen barrel
until the prepared leads extend through
the other end. Then attach the inner
conductor to the collector of the photo-
transistor and the braid to the emitter.
Pull the coax so that the phototransistor
retracts into the barrel, stopping when
the light-sensitive surface of Q7 is re-
cessed about 1” (2.54 cm). Cement or
otherwise secure the phototransistor in
place, and apply silicone glue where the
coax leaves the barrel. Finally, terminate
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the free end of the cable with an RCA
phono plug.

Checkout. No calibration of the photo
tach is necessary. With P71 (the phono
plug at the end of the probe cable) re-
moved from J1, apply power to the pho-
to tach. Two digits may flash on, but will
disappear in about a second. No input
pulses are being received, and the out-
puts of the counters are 0000. Automatic
ripple-blanking is built in to the IC count-
ers, so the readouts are darkened and
do not display “00.”

Apply a 60-Hz, 2-volt p-p sine wave to
J1. Use either a signal generator or the

Fig. 8. Full-size etching

and drilling guide for pc
board is shown above with
parts placement guide at left.

circuit shown in Fig. 5 as a test source. if
the project is functioning properly, “36"
will be displayed by the LED readouts.
This corresponds to an input of 60 Hz or
3600 rpm.

The operation of the overflow indica-
tor can be verified by either applying a 2-
volt p-p sine wave at a frequency of 167
Hz or more, or by optically coupling the
probe to an object rotating at 10,000 or
more rpm. Both display decimal points
will glow, indicating an overflow.

Extending the Range. The photo
tach can be -modified to measure rota-
tional speeds greater than 9900 rpm by
inserting another decade of counting
and display between /IC3 and IC4. Sever
the following connections: pin 22 of IC3
to pin 2 of IC4 and pin 4 of IC3 to pin 6 of
IC4. Pins 2 and 6 of the additional dec-
ade counter should be connected to pins
22 and 4 of IC3, respectively. Also, pins
22 and 4 of the additional decade coun-
ter should be connected to pins 2 and 6

POPULAR ELECTRONICS
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Fig. 4. To make probe, phototransistor is mounted in an
old pen barrel and connected to a coaxial cable.
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Fig. 5. Schematic diagram of ¢
suitable test source to verify
proper circuit operation.

of IC4, respectively. Of course, the new
counter must be a 74143 IC, and it
should be connected to an additional
DL-747 display and to the positive sup-
ply and ground in the same manner as
IC3 and IC4. When this modification has
been made, IC3's count will represent
hundreds of rpm, the newly installed
counter thousands of rpm, and IC4 tens
of thousands. The project's power sup-
ply has enough reserve to handle the
extra components’ demand without any
strain.

It is also possible to obtain resolution
smalter than hundreds of rpm. If ten light
pulses occur during each shaft resolu-
tion, the bit significance of each decade
of the display is reduced by a factor of
ten. Let's consider a specific example.

Photo of
author’s
prototype
shows layout
of components
in chassis.

MADOCW 10702

To measure the speed of a slowly turn-
ing power drill, a circular disc of metal or
plastic should be formed. Ten slots
should be punched out at equal intervals
along the perimeter and a hole drilled
through the center of the disc. Then
pass a bolt through the center hole, se-
cure with a nut, and install the entire as-
sembly in the drill's chuck. The rotational
speed will then be measured using the
transmissive mode and displayed in
hundreds and tens of rpom. The addition
of another decade of counting and dis-
play, as described earlier, can be com-
bined with this multiple triggering tech-
nique to display thousands, hundreds,
and tens of rpm.

Using the Tach. The optical mode
used in a given situation will depend
largely on practical considerations. In
any event, avoid using fluorescent bulbs
as light sources because they are strong
electrical noise generators. Ordinary 75-
or 100-watt frosted incandescent lamps
are well suited for use with the photo
tach, as is sunlight. Just remember,
however, that if you’re checking the
speed of a four-blade fan, the actual rate
of rotation is one-fourth of what is dis-
played by the readouts. <o
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RPM X100

MICHAEL H. KUHN

A CONSTANT AND ACCURATE CHECK ON
engine RPM'’s is essential to the motor-
boatsman for the following reasons:

1. It is vital if the boat is to be

operated at top efficiency and
maximum fuel economy. By run-
ning a measured course at a con-
stant engine speed, it is possible
for the operator to determine fuel
consumption per mile and per
hour under average conditions.

. Engine speed can be a valuable
navigation aid. Knowing the dis-

Automotive/Marine

Tachometer

Operate your car or boat at maximum efficiency by
monitoring engine speed. This easy-to-build
tach lets you keep a finger on your engine’s pulse

tance between two buoys or oth-
er points, an experienced boats-
man can determine the engine
speed needed to traverse the two
points in a given time.

. Similarly, knowing the craft's

most economical cruising speed,
the pilot will be able to estimate
the sailing time between two
known points.

. Perhaps the most important rea-

son for knowing the speed of a
marine engine is the relationship

PERF-BOARD AND WIRE-WRAP was used exclusively to build the prototype. A total of three separate
porf-boards was used.

between RPM’s and cruising
range. Safety afloat demands
that the pilot know how much fuel
he must have on board to reach

his destination or an intermediate
fueling point with an adequate
reserve.

An accurate engine-speed indicator is
an important instrument for an aware
automobile driver. For only by knowing
engine RPM’s can he obtain most effi-
cient performance with minimum strain
on the engine.

This digital tachometer overcomes the
ambiguous swing of the analog-meter
instrument. It can be used 1o measure the
speed of 2- or 4-cycle automobile and
marine engines having from two to six-
teen cyclinders. It works on any 12 to 24
volt DC electrical system that has a neg-
ative ground. Its 7-segment display is
visible in darkness and shaded or dim
sunlight and is not bright enough to
affect the night-vision of a driver or
pilot.

How it works

Digital and analog electronic tachom-
eters operate by processing the voltage
pulses developed by the make-and-break
of the breaker points of an internal com-
bustion engine. These tachometers are
basically frequency counters modified to
indicate revolutions per minute. Before
going further, let’s look at the operation
of a 4-cycle internal combustion engine.
(1) The points open and close once per
crank-shaft revolution per cylinder. (2)
For all cylinders to fire (regardless of the
number of cylinders) the crankshaft
makes two revolutions. (3) The distrib-
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RPM X 100
1 1 2 (OUTPUT) ;LZGULATED THOUSAND HUNDRED
(inPuT)] LM340-12 o SOURCE +5v +5V
5004F _ FJA -
3 (BND) DIS1 L DIS2 Ll FJ
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?ggém 14 ]3 |5 |11 |13 1512 14 3 |5 |11 [13 15 |2
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FIG. 1—TACHOMETER provides a direct readout of RPM X 100 on a 2-digit 7-segment LED
display.
C1—200 uF, 50V, electrolytic PARTS LIST IC1—LM309K
C2, C9—500 uF, 50V, electrolytic 1C2—555
C3, C4—500 uF, 50V, tantalum R6—47,000 ohms IC3—74123
C5—1 uF, 50V, electrolytic R7—1100 ohms IC4, IC7T—7490
C6, C7—.01 uF, 50V, disc R9— 1500 ohms IC5, IC8—7475
C8—.4 uF, 50V, disc R10—15 ohms IC6, 1IC9—7447
All resistors are '/» watt, 5%. R11—330 ohms IC10—74121

R1, R2—4700 ohms

R3, R8— 1000 ohms
R4-—30,000 ohms

R5—1 megohm potentiometer

R12—1800 ohms
R13-R26— 150 ohms
Q1—HEP310
Q2—HEP54

IC11—LM340-12

S1—S8PST toggle

DIS1, DIS2—DL747 common-anode 7-
segment LED display

utor makes one-half revolution during
each revolution of the crankshaft.

Since the distributor makes one revolu-
tion for every two revolutions of the
crankshaft (No. 3 above) and since the
crankshaft must make two revolutions for
all cylinders to fire; the distributor points
make-and-break—during each crankshaft
revolution—only one-half as many times
as the number of cylinders. Thus, in a 6-
cylinder engine, the points make-and-
break only three times for each engine
revolution. Therefore, the tachometer

divides the number of pulses picked up
from the distributor by half the number
of cylinders.

Since a tachometer is calibrated in
revolutions per minute, it would seem
that we would count pulses for a full 60
seconds and then divide by half the num-
ber of cylinders to get a RPM reading.
However, this is not the case. The
tachometer electronics counts pulses for a
second or fraction thereof and then multi-
plies that number by a factor that yields
the number of revolutions per minute.

Consider an 8-cylinder engine running
at 900 RPM. The breaker points operate
3600 times (900 X 4) per minute. If we
divide this by 60 (seconds), we arrive at
60 as the number of pulses developed per
second. Thus, at 900 RPM, the points
generate 60-Hz pulses. Then, for the
tachometer to display a “9” (for 900
RPM) we divide 9 by 60 and arrive at
0.15 second or 150 ms. This is the up-
date time. If we want to display ten’s, we
divide 90 by 60 and arrive at a 1.5-second
up-date time. Similarly, should we want




.to display the full 900, we would divide

=488 by 60 and come up with 15 seconds as

the up-date time. The last two examples
are of up-date times that are far too slow
to provide accurate instantaneous
readings.

The digital tachometer is shown in the
schematic in Fig. | and block diagram in
Fig. 2. Only two decades are used; indi-

THOUSANDS  HUNDREDS

7-SEGMENT
DECODER/DRIVER
1C8, IC9
(2) 7447

t

MEMORY
IC5, IC8
(2) 7475

i

SEQUENCE CLEAR COUNTER
1C3 1C4, 1C7
74123 (2) 7490

INPUT
MASTER CLK CONDITIONING
162 a1, 02, 1610
555 HEP 310,
HEP 54, 74121

LATCH

TO POINTS

FIG. 2—BLOCK DIAGRAM of tachometer cir-
cuit. Master clock signals are provided by a
555-timer IC.

cating thousands and hundreds. Tens and
units are not displayed as they would
wander so much that the distraction
would be greater than that of an errat-
ically bouncing needle of an analog in-
strument. Also, by displaying only thou-
sands and hundreds, we can take advan-
tage of a faster up-date time. For a 4-
cycle, 8-cylinder engine, we up-date at
150 ms. This provides a new reading
approximately seven times a second.

To convert breaker-point openings and
closings to engine RPM, the tachometer
electronics performs all the math neces-
sary for a direct read-out. The 555 timer,
IC2, is the master clock. Its frequency
must be adjusted, by RS, to suit the type
of engine being monitored. Once set, this
adjustment need not be touched unless
the tachometer is switched to an engine of
another type.

A dual retriggerable one-shot, 1C3,
provides the clear pulses for IC4 and 1C7
and the latch pulses for ICS and IC8.
Transistors Q1 and Q2 and 1C10 condi-
tion the input pulses from the distributor
to produce a TTL-compatible signal.
Switch S1 is used to adapt the tachometer
to either standard or electronic ignition
systems. Close the switch when the tach
is used with electronic ignition.

The TTL devices and the displays

FRONT-PANEL OF TACHOMETER is made of red tr

mounted directly behind this.

operate from a regulated 5-volt DC line
fed from regulator IC1. The regulator
input is 12 to 24 volts DC. Transistors Q1
and Q2 operate from a 12-volt source so
12-volt regulator IC11 should be installed
if you plan to use the tach in a vehicle that
has an electrical system supplying more
than 12 volts DC. By the same token, do
not use IC11 if the tachometer is going in
a vehicle with a 12-volt electrical system.
Add a switch to bypass IC11 if the tach is
to be used in both 12- and 24-volt vehi-
cles.

Construction

[ assembled the digital tachometer on
perforated board using the wire-wrap
method. Sockets were used for the IC’s,
transistors and most other components.
Be sure to use heat sinks on the regulator
1C’s. Use shielded cable or coax for the
hook-up between the tachometer and
breaker points.

Calibration and use
Calibrate the tachometer before in-

- TO "POINTS”
CABLE
17V
X s
TO “CHASSIS"
GROUND

FIG. 3—CALIBRATION of the tachometer
requires a low-level 60-Hz AC signal. An inex-
pensive filament transformer will do nicely.

segment LED display is

t plastic. S

stalling it in the vehicle. For this, you
need a low-level 60-Hz signal—6.3 volts
AC from a filament transformer (Fig. 3)
will do nicely. Connect one lead to the
shielded lead marked “to points” and

CALIBRATION TABLE

Engine Type
(Stroke/ Display Readout
Cylinder) at 60 Hz (X 100)
2/2 4/4 18
2/34/6 12
2/4 4/8 9
2/6 4/12 6
2/8 4/16 4*

* Halfway between 4 and 5

connect the other lead to the shield.
Connect the tach toa +12 to +24 volt
DC source capable of delivering at least 1
ampere.

Refer to the calibration table and ad-
just trimmer RS until the read-out dis-
plays the number corresponding to the
type of engine in your car or boat. For

_example, when properly calibrated, the

tachometer reads “18” for a 4-cycle, 4-
cylinder or 2-cycle, 2-cylinder engine.
Now, install the tachometer in your
boat or car, hook up the cable and you are
set to go. R-E

8/61 1lddv

[
©o




PUT A DIGI-TACH

On Your Dashboard

Digital readout for checking your mill’s
rpom’s at a glance. Easy-to-read numbers
promote driving safety day and night

by P. J. BUNGE

WHEN | WAS UNABLE TO LOCATE A
270° meter suitable for building a ta-
chometer, I began to consider a digital
display as a substitute. The novelty of
the idea, together with the availability
of low-cost readouts made this choice
very attractive. How the readability
would compare with a meter-type dis-
play was completely unknown. In fact,
the only literature I could find on the
subject seemed to be the vague men-
tion of a digital speedometer used in
an experimental car.

It was hard to visualize whether it

*SELECT FOR c8
CALIBRATION 01

would be easy, or even possible, to
take a reading during the brief
glimpse permitted from driving. How
distracting would the constantly
changing numbers be? It scemed that
the only way to tell would be to build
a digital tachometer and find out.
Design and construction proved to
be quite straight-forward. The biggest
problem was locating the correct wire
in the Corvair in which the tach was
installed. A quick adjustment of the
SENSITIVITY control and the display
registered 500 rpm. A few miles of

driving soon showed that the project
was a complete success and extremely
easy to read. Perhaps it was psycho-
logical, or maybe a better physical lo-
cation, but it did seem more conve-
nient to read than the speedometer.
For thos¢ interested in trying the idea
here are the necessary details.

Circuit description

ICl and IC2 are decade counters
with BCD (Binary Coded Decimal)
outputs. Their four outputs go to IC3
and IC4, quad latches or temporary

DIGI-TACH SCHEMATIC. Pulses from the car’s Ignition system are counted, converted to BCD |
signals egulvalent to the car's engine speed and then displayed on two readout tubes.
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stores. These IC’s sample and hold the
states of the counter outputs whenever
they are strobed with a positive pulse
on pins 4 and 13. IC’s 5 and 6 decode
this information and provide signals to
illuminate the required numbers on
the DR2000 displays.

To register engine RPM’s the ig-
nition pulses are counted for a fixed
time, the latches are then strobed, and
the counters reset for the start of an-
other count. A D13T]1 PUT (Program-
mable Unijunction Transistor) is used
to provide the timing. It works much
the same way as a unijunction with
the time set by the CI-Rl time con-
stant. D1 is for temperature com-
pensation. The negative pulse pro-
duced discharges C2 through R5 and

PARTS LIST
Ali resistors Y%-waltt 6% unfess noted
R1-a, R1-b—Selected value (see text)
R2—1 megohm
R3—1800 ohms
R4—2700 ohms
RS, R7, R13, R15—2200 ohms
Ré, AB—680 ohms
R9—2000 ohms
R10—5100 ohms
R11—1 ohm, 1 watt
R12—560 ohms = =
R14—-4700 ohms -
R16—220-ohm potentiometer
R17—220 ohms
R18, R21—1200 ohms:
R19-5600 ohms
R20—10,000 ohms
C1—1 yF 3
C2, C3—.0015 uF
C4-390 pF
C5—.001 uF
C6—0.1 uF
C7—-10 uF 20V
C8—.01 pF ceramic :
C9, C10—10 uF 10V electrolytic
D1, D2, D3—1N453 or any Silicon diodes
D4—3.6V Zener
D5—-amp 50-plV silicon diode
Q1, Q2, @3, Q4, Q5, Q8, Q9—2N3646 or any
npn silicon transistor
QB6—2N3055
Q7-—-2N2219
PUT 1—-D13T1
iC1, {C2—MC7490P
IC3, IC4—-MC7475P
IC5, IC6—MCT7447P
ICT—MC7474P or MC7479P
1C8—pAT23
Ti—See text y
Two seven segment incandescent dispiays
H RCA nnzaoo I.ﬂmméties Sarles 90 "Min-
itron” etc. 5 o el

turns off Q4 which resuits in a positive
strobe pulse. Termination of the
strobe cuts off Q5 and produces the
reset pulse which forces the counters
to zero. Once C3 discharges, the reset
pulse ends and a new count starts.

T1 senses the ignition coil current
for each spark plug firing and turns
on Ql. R16 is the SENSITIVITY contact
and D3 prevents negative pulses from
avalanching QI’s base. The negative
pulse at the collector of QI triggers a
monostable multivibrator consisting of
Q2, Q3, C6, and the various resistors.
This multivibrator prevents multiple
counting, due to hash. from each plug
firing.

IC7 is a prescaler to reduce flick-
ering of the units digit. It is a D flip-
flop wired to toggle as a divide by
two. Other flip-flops could also be
used. Q9 provides the necessary nega-
tive reset pulse.

The output from pin 5 of IC7
drives the clock input (pin 14) of the
units decade, ICl. The carry from ICl
(pin 11) drives the clock input on IC2.

IC8 is an integrated voltage regu-
lator that provides +5v from the
12-15 volts auto supply. It features
protective current limiting at | amp.
D5 protects the regulator in case the
input voltage polarity is inadvertently
reversed when testing or calibrating.

When the ignition key is on, 12
volts is applied through RI2 to satu-
rate Q7. This applies the full 5 volts
to the displays and they run at maxi-
mum intensity. When the headlights
are turned on, power is applied
through R13 to turn on Q8. This pulls
the base of Q7 down by about 2 volts,
and since Q7 is an emitter follower it
also reduces the voltage to the dis-
plays by 2 volts. Thus turning on the
headlights dims the display for night
driving.

Construction and adjustments
Many of the parts can be sub-
stituted. For example an SN7490N
will replace the MC7490P and almost
any silicon npn transistors will do for
the 2N3646’s. The 2N3055 dissipates a

DIGITAL DISPLAY
(far left) makes it
easy to keep an eye
on the engine’s
pm’s.

DISPLAY TUBES and
decoder/driver IC’s
(center) form the ta-
chometer head, The
CD2501E IC is a
substitute for one of
the MC7447P’s.

<THE SENDING UNIT
(left) I1s on a double-
sided PC board. Iis
housing can be any
sturdy metal con-
tainer.

fair amount of power and should be
mounted on the box, or preferably on
a separate heat sink. I used 2N3568
for Q7 but this transistor is just barely
adequate and gets rather hot. A metal
TO5 type with a clip-on heat sink
would be preferable—a 2N2219 would
do. Drill a few holes in the box for
ventilation.

The displays and decoder drivers
were mounted in an old fender mirror
shell. ‘Shield the ten wires and use the
shielding as ground. Do not ground to
the case at the display end. The only
connection to the car frame should be
near the ground on T1—this will pre-
vent noise pickup and false triggering.
Tl was wound on a Y-inch toroid
core but a small audio transformer

R16$ A/

D3

110V~ 3 %6.3V

CALIBRATING CIRCUIT is used to perform
Initial adjustments. See text for details.

core would probably work just as well.
The primary consists of one or two
loops of the wire which goes from the
ignition switch to the coil. Reverse the
primary to check for highest sensitivity
and adjust Ri6 one-quarter turn
higher then the minimum trigger
point.

R1l-b will need to be about
400,000 ohms for a six-cylinder engine
and should be selected to bring Rl-a
within calibration range. A six-cylin-
der engine fires three times per revo-
lution or 24,000 pulses per minute at
8,000 rpm. 24,000 ppm is 400 pulses
per second which is what was used to
calibrate the prototype tach to read
“80”. The calibrating pulses are fed in
on the wiper of R16 when it is ad-
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justed half way. 60-Hz line from a
6.3-volt filament transformer can be
used if an accurate pulse generator or
frequency counter is not available. In
this case the tach should read “127.

A filter may be necessary on the
12-volt input if false triggering occurs.
However, the only trouble experienced
was on the bench set-up using a relay
and coil which was a poor simulation
of an actual ignition system. In this
case a .01pF capacitor cured the prob-
lem.

The prototype tachometer was
road tested through winter and sum-
mer and two problems which showed
up are worth mentioning. The first
problem was that when the windshield
wipers were turned on the tach
stopped counting. The cause was
traced to the fact that the wire from
the ignition switch goes to the wiper
motor and then to the coil. Current
from the wiper saturated Tl and no
pulses were counted. The problem was
cured by reconnecting the wiper motor
through a separate wire to the ignition
switch. The second problem occurred
when the weather got warm and the
display went erratic over 2700 rpm. It
turned out that the current pulses to
the coil dropped in amplitude with in-
creasing temperature; probably be-
cause of coil resistance increasing with
temperature. They also decreased with
rising rpm. The result was that the
temperature increase rendered the sys-
tem marginal so that it started drop-
ping counts at higher rpm. The cure
was simply to adjust the threshold set-
ting, R16.

The more ambitious soul might
want to add a high-limit indicator.
The easiest way is to AND a couple of
segment signals off the tens display
which would trigger a one-shot con-
trolling a light or Sonalert beeper. The
ultimate would be to compare the
eight 7490 outputs with the outputs of
two BCD switches.

A digital speedometer is also pos-
sible, as well as a solid-state odometer.
A few calculations and measurements
might be of interest: a 775/14 tire has
an approximate diameter of 27 inches
and a measured circumference of
85.25 inches. This works out to 746.7
revolutions per mile. At 10 mph this is
only 2 revolutions-per-second which
means a long gate time and sluggish
response due to slow updating. An 8-
hole disc, light and photocell gets
around this problem and gives 16
pulses-per-second at 10 mph. The gate
time to read mph in this case is then
625 ms. (assuming a 1:1 ratio between
speedometer cable and wheels).

The circuit also offers possibilities
for those not interested in digital ta-
chometers. Slight modifications to the
input signal conditioning circuit and
you have a frequency counter. Any
number of decades can be added and
a crystal time base could replace the
PUT. R-E
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HALF-SIZE CIRCUIT board pat-
terns. A—component side of main
board. B—reverse side of maln
board. C—overlay shows both sides
of main board. D—display board.
E—power-supply board.
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PARTS PLACEMENT on circuit boards.
F—power supply board. G-—display

board. H—main board.
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TACHOMETER

PROJECT

We’ve been contemplating a digital car tacho, but have heen put off by resolution and
response speed problems. However this Phase Locked Loop design overcomes these

quite neatly — so here it is!

WE HAD OFTEN considered the
design of a digital tacho for
automobile use, but had rejected
several schemes as we were unable
to get both good resolution and
response time — the two seemed to
provide a very good demonstration of
Heisenberg's Uncertainty Principle.

Consequently, we were rather
pleased when Mike Pratt of SM
Electronics cameto us with his
phase-locked loop based design
which got round the problem. Would
we like to do it as a project, he
asked? Obviously, we said yes, and
here it is.

This tacho features a fast response
time, coupled with 10 Hz resolution,
through the use of a phase locked
loop frequency multiplier. it can be
set up, by means of a single link, to
work on 4, 6 or 8 cylinder motors.

Design Features

To measure the revolutions per
minute of a motor is simply a matter
of counting the number of ignition
pulses over a given time. With a
four-cylinder, four-stroke motor there
is such a pulse twice per revolution.
Therefore if we count these pulses for
30 seconds we will have revs/min
with a one cycle resolution.
Obviously this is much too long a
sample period for practical use in a
motor car and some compromise has
to be made.

The usual solution is to use a 100
rev resolution and a,sample time of
0.3 seconds (on 4 cylinders). We
considered this inadequate which is
why we have not published a design
until now.

In this design an oscillator is used
which is phase locked to the ignition
pulses except at a higher frequency
{x8 for 4 cylinder) allowing a short
sample time (0.375sec) witha 10
rev resolution. By using a different
multiplication factor compensation
for different numbers of cylinders can
be made. Unfortunately with the
multiplication factors used (x8, x6,
x4) the sample time for 6 cylinders is
not exactly the same as that used for
4 and 8 cylinder motors. Altering the
ratios to x12, x8 and x6 would
enable a 0.25 sample time to be used
for all ranges, but this is not possible
with the divider IC utilised in this
design.

Construction
Assemble the PCB.with the aid of the
overlay ensuring the components are

ELECTRONICS TODAY INTERNATIONAL — JANUARY 1979

orientated correctly. The tantalum
capacitors normally have a + mark
indicating the positive load, or a dot
on the side. When soldering the
CMOS ICs (4, 6, 7) earth the tip of
the soldering iron.

Note that there is one feedthrough
or link between the two sides of the
board near C10

Calibration

Initially place a link between the
point 'C" and the terminal
corresponding to the number of
cylinders. Now with the power
supply connected feed a 50 Hz signal
of between 12 and 30 V into the
points input using the O V as
common. Now adjust RV 1 until the
display reads 1500 RPM for 4
cylinders, 1000 for 6 or 750 for an
eight cylinder car. >
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TACHOMETER

The HE Tacho uses 21 LEDS to give a solid-state analogue RPM display. It’s an ideal project for the

motoring or motor-cycling enthusiast.

THE HE LED TACHO or ‘Rev Counter’ is an all solid-state
project. It displays engine speed in analogue form (like a
conventional tacho) as an illuminated section of a
semicircle of 21 LEDs (light-emitting diodes). The length
of the illuminated section is proportional to the engine
speed, so that half of the semicircle is illuminated at half
of full-scale speed, and the full semicircle is illuminated
at full speed. In other words, the display is in ‘bar’ rather
than 'dot’ form.

The HE Tacho can be used with virtually any type of
multi-cylinder gas engine. It has two speed ranges,
each of which can be calibrated via a pre-set pot to give
any full-scale speed range required by the individual
owner. Our prototype is calibrated to give full scale
readings of 10000 RPM and 1000 RPM on a 4-
cylinder 4-stroke engine. The lower range is of great
value when adjusting the engine’s ignition and carbura-
tion for recommended tick-over speeds.

The unit is designed for use only on vehicles fitted
with 12 volt electrical systems. It can be used with
conventional or CD (capacitor-discharge) ignition sys-
tems, and is wired into the vehicle via three connecting
leads. It can be used on vehicles fitted with either
negative or positive ground electrical systems.

Construction

The complete unit, including the 21-LED display, is
wired up on a single PCB. Take extra care over the
construction, paying special attention to the following
points.

(1). Confirm the polarity of each of the 21 LEDs, by
connecting in series with a 1kO resistor and testing
across a 12 volt supply, before wiring into place on the
PCB. Note that LED colours can be mixed, if required.
(2). Take care to connect all semiconductor devices and
electrolytic capacitors into circuit as shown on the
overlay. Note the orientation of the three ICs.

(3). Note that four LINK connections (using insulated
wire) are used on the underside of the PCB: if in doubt
about these connections, cross-check with the circuit
diagram. Also note that the external connections to the
unit (O V, + ve, and CB) are made via solder terminals
(Veropins).

(4). Note that the values of C2 and C3 must be chosen to
suit the engine type and the full-scale RPM ranges
required (see the conversion graph). Our prototype is
calibrated to read 10 000 RPM and 1000 RPM on a
4-cylinder 4-stroke engine, and uses C2 and C3 values
of 22n and 220n respectively.

ETI Hobby Projects — 1980

_The HE tachometer, make sure all polarised components are
inserted the correct way round. )

When the construction is complete, connect the unit
to a 12 volt supply and check that only LED 1 il-
luminates: if all LEDs illuminate, suspect a fault in the
IC1 wiring.

Calibration

The unit can be calibrated against either a precision
tachometer or against an accurate (2% or better) audio
generator that gives a square wave output of at least 3
volts peak-to-peak. The method of calibration against an
audio generator is as follows:

Connect the tacho to a 12 volt supply, and connect
the square wave output of the audio generator between
the OV and CB terminals of the unit. Check against the
conversion graph to find the frequency needed to give
the required HIGH range full-scale RPM reading on the
type of engine in question, and feed this frequency into
the tacho input. Switch SW1 to it's HIGH range (10 000
RPM on our prototypes) and adjust RV1 for full-scale
reading.

Repeat the procedure on the LOW range of the tacho
(1000 RPM on our prototype), adjusting RV2 for full-
scale reading.
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Circuit diagram of the LED Tacho, refer to the conversion graph for values of C2, C3.

The ignition signal appearing on a vehicle’s
contact-breaker (CB) points terminal has a basic
frequency that is directly proportional to the RPM
of the engine. The HE LED Tacho works by picking
up the CB signal, extracting its basic frequency,
converting the frequency to a linerarly-related
D.C. voltage, and displaying an analogue
representation of this voltage (and thus the RPM)
on a semicircular scale of 21 LED’s (light-emitting
diodes). The tacho can thus be broken down, for
descriptive purposes, into an input signal condi-
tioner section, a frequency-to-voltage converter
section, and LED voltmeter display section.

The input signal conditioner section comprises
R1-R2-R3-ZD1-Cl. The CB signal of a conventional
ignition system consists of a basic RPM-related
rectangular waveform that switches alternately
between zero and 12 volts, onto which various
ringing waveforms with typical peak amplitudes of
250 volts and frequencies up to 10 kHz are super-
imposed. The purpose of the input signal condi-
tioner is to cleanly filter out the basic rectangular
waveform and pass it on to the frequency-to-
voltage converter. It does this by first limiting the
peak amplitude of the signal to 12 volts via R1 and
zener diode ZD1, and then filtering out any
remaining high frequency components via R2-R3-
Cl1.The resulting ‘clean’ signal is passed on to input

HOW IT WORKS

pin 1 of IC1.

ICI is a frequency-to-voltage converter chip
with a built-in supply-voltage regulator. The
operating range of the IC is determined by the
value of a capacitor connected to pin 2, and by a
timing resistor and smoothing capacitor connected
to pins 3-4. In our application, two switch-selected
presettable ranges are provided. The D.C. output of
the IC is made available across R6, and is passed on
to the input terminals of the IC2-IC3- LED volt-
meter,

IC2 and IC3 are LED display drivers. Each IC can
drive a chain of ten LED’s the number of LED’s
illuminated being proportional to the magnitude of
the IC’s input signal. Put simply, the IC's act as
LED voltmeters. In our application, the two IC’s
are cascaded in such a way that they perform as a
single 20-LED voltmeter with a full scale range of
about 2.4 volts: the configuration is such that the
voltmeter gives a ‘bar’ display, in which the first 10
LEDS areilluminated at full scale voltage.Resistors
R7-R8-R10-R11-R12-R14 are wired in series with
the display LED’s to reduce the power dissipation
of the two IC’s. LED] is permanently illuminated
so that the RPM display does not blank out com-
pletely when the vehicle’s engine is stationary with
the ignition turned on.

Installation
The completed unit can either be mounted in a special
cut out in thevehicle’s instrument panel, or (preferably)
can be assembled in a home-made housing and clipped
on top of the instrument panel. In either case, try to fit
some kind of light shield to the face of the unit, so that
the LEDs are shieided from direct suniight.

To wire the unit into place, connect the supply ieads
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to the tacho via the vehicle's ignition switch, and connect
the unit's CB terminal to the CB terminal in the vehicle's
distributor. Note that the unit can be fitted to vehicles
using either positive or negative ground systems,

The lower range of the tach (1000 RPM on our
prototype) is of great value when adjusting thevehicle’s
engine for correct tick-over: it is thus advantageous to
arrange the tacho housing so that it can be easily
dismounted from the vehicle's instrument panel.e

ET! Hobby Projects — 1980
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CB POINTS

Component overlay for the Tacho.

PARTS L

RESISTORS
R1,R2, R4

R3. R6

R5
R7.R10,R11,R14
R8, R12

R9, R15

R13

POTENTIOMETERS

RV1, RV2
CAPACITORS
c1,C2

C3"

c4

C5

SEMICONDUCTORS
IC1

IC2,1C3

ZD1

D1

MISCELLANEQOUS
Miniature slide switch (two
foil pattern.

‘=values used on prototype: see text

LEDS 1-21 are TIL209 0.2" dia.

Right, PCB foil
pattern for the
HE tachometer.

T,
TED LINES SHOW
FLOATING LINKS MADE"
UNDERSIDE OF PCB

IST

10k
22k
470R
330R
270R
1k2
2k2

100k Sub. min. preset

22n polyester

220n polycarbonate
1u0 elect. 63V
447 elect. 63V

LM2917N
LM3914N
12V @ 400mw
IN4148

position double pole). PCB
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FREQUENCY, Hr

¥ RPM XN 11 STROKE ENGINES)

120
OR
F - RPN XN 1ZSTROKE ENGINES)

10n

800

60

333 H7 ON A 4 CYLINDER 4.STRO!

| I (
E.G. 10,000 RPM = 500 Hz ON A 6.CYLINDER 8 STROKE

E

500

10—

RAPM X 1000

Conversion Graph for determining values of C2, C3.

RECOMMENDED C2-C3 VALUES

The Tacho prior to installation.
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vut of Tune

In “Digital Marine/Auto Tachometer”
(June 1975}, the connection where the line
coming from pin 5 crosses the line between
pins 1 and 8 of /C2 in the schematic should
be removed. Also, the {C’s are sensitive to
the r-f noise from the car's ignition system.
To cope with this problem, it may be neces-
sary to install r-f suppression-type spark
plug cable in older cars and extensive
capacitive bypass technigues in the circuit.
Route the coaxial feed cable close to the
metalwork on the bottom of the car and
locate its grounding point experimentaily.
In most cases it will be on the car’s body or
frame, rather than on the engine.

In “How to Design Your Own Power
Supplies” (June 1975), Fig. 10, page 39,
the polarity of the zener diode should be
reversed.

POPULAR ELECTRONICS



CALIBRATE THE ‘“OP TACH”
The “Op Tach” article (“Build Op Tach,”
March 1969) describes two methods of cali-
bration that will undoubtedly work. I would
like to suggest yet another method; one that
is simple and does not require special extra
circuitry. Simply hold the Op Tach directly in
front of a fluorescent tube or fixture with the
power applied, and adjust R7 until the meter
indicates 3600 r/min. The tube pulses at a
rate of 60 Hz—or 3600 repetitions/min.
RICHARD E. TAVANO
Wayne, N.J.

It's usually the obvious—and easiest—ap-
proaches to a problem that slip by us. Your
method of calibration will certainly work.
Also, the author of the article advises us that
ke accidentally listed R9 in the project as
680 ohms when it should be 6800 ohms. If
any readers built the Op Tach using locally
obtained parts and are having trouble with
calibration, this resistor is the culprit.
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MC789P
(TOP VIEW]}.

7500
RANGE ADJ

Q!
2N2712

Fig. 1. The meter indicates the average
current flowing through Q1 as a result
of the number of light pulses striking
PC1. Capacitor C5 permits the system to
operate only on light pulses and not be
affected by the amount of ambient light.

PARTS LIST

B1-B4—1.5-volt AA cell (penlight)

C1, C4—35-uF, 6-volt clectrolytic capacitor

C2—0.05-ul’, ceramic disc capacitor

C3—2-uk, 6-volt dectrolytic capacitor

C3—100-uF, 6-volt clectrolvtic capacitor

IC1—Integrated circuit (Motorola MC789P)

JC2—Intcgrated circuit (Motorola 31C724P)

M1—0-500-ud mcter, 100-ohm intcrnal imped-
ance

PC1—Pihotoccll (Clgirex CL 703L or sinilar)

Q1. Q2—2X2712 transistor

R1—1000-0/tm
R3—5600-0lnm
R4—270-0lm
R3—1-mecgohm
R6—100-0lum
R9—G680-0him
R10—2700-0hm .
R2—350,000-0lim lincar taper potcntiomcter
R7—750-0lm trimmer potentiometer )
R8—1000-0hm lincar tapecr potentiometer with
switch attached

S1—S.p.s.t. switch ( part of RS)

S2—S.p.d.t. pushbutton switch

Misc—Case (6V4” & 334" x 27, plastic with mat-
ing aluminum cover), hardware, dual battcry
holder (2), wirc, solder, 5-dram plastic pili con-
taincr with cover, PC board*, ctc.

*The following arc availablc from PAIA Elec-
tronics, P.O. Box 14359. Oklahoma City, Okla.
73120: printed circuit board, $2.50; meter with
RPJM x 10 designation on dial, $5.25; complete
kit of parts with PC board, hardwarc and case
(not machined), $18.50. Oklahoma residents,
add 3% sales tax.

? All resistors
Vs-watt

There are very few tachometers of this
type.

Here’s one, however, that will measure
the speed of practically anything that
rotates in the lab or workshop. It’s called
the “Op-Tach” and is battery-operated,
wholly self-contained and handheld. A
beam of light senses the speed of the ro-
tating object. In many cases, using the
Op-Tach is simply a matter of pointing
the instrument at the rotating object and
reading the speed in revolutions per min-
ute directly from the meter.

Construction. The schematic diagram
for the Op-Tach is shown in Fig. 1. As
with any project using integrated cir-
cuits, you will be ahead of the game if
you use a printed circuit board. You can
make your own, using Fig. 2 as a guide,
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or you can buy one (see Parts List of
Fig. 1). In assembling components on
the circuit board (Fig. 3) be sure that
both the board and your soldering iron
are as clean as possible and keep them
that way. In inserting the integrated
circuits, notice that the notches on the
IC’s correspond to the semicircular locat-
ing marks on the PC board. When all sol-
dering is complete, a coat of spray
acrylic or clear nail polish will keep
the copper circuit from oxidizing.

To protect the photocell from high
levels of ambient light and restrict its
field of view, the photocell is glued to the
bottom of the inside of a 5-dram pill con-
tainer which has been painted flat black
on the inside. A pair of holes is drilled
for the photocell leads. The pill contain-
er is then mounted in an appropriate

POPULAR ELECTRONICS




Fig. 2. Actual size printed-board foil
pattern for the Op-Tach. Note the semi-
circular end identifiers for the IC's.
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Fig. 3. Component installation. Observe
correct polarity for the indicated parts.

March, 1969

BOARD

BOA

|
|

size hole in one end of the 6% X 3%” -
X 2” plastic utility box which houses the
instrument. To conserve space, mount it
so that approximately half of the pill
bottle protrudes from the case. Save the
cap from the container and use it as you
would the lens cap on a camera—to pre-
vent dust from settling on the photocell.

The two dual-battery holders are
mounted on opposite sides of the case so
that, when the cover is in place, the me-
ter is between them. The PC board should
be mounted with 6-32 screws and raised
from the bottom of the case with short
spacers. The meter, switch S2 and con-
trols (R2 and RS8, with S1 attached) are
mounted on the aluminum faceplate of
the utility box as shown in Fig. 4. In
the author’s prototype this faceplate was
covered with a wmahogany-grain, con-
tact-adhesive paper and labels were ap-
plied using dry transfers. All wires
from the PC board to the controls and
meter were run through a piece of large
tubing, but they could be laced together
in a neat bundle. Be sure to make these
leads long enough to permit removal of
the front cover. Notice that capacitor C5
is mounted directly on the meter ter-
minal lugs and not on the printed circuit
board.

The suggested meter has scale mark-
ings from 0 to 500. Carefully remove the

RE @ S
=TO BAT. +
TG PC
BOARD +

— N o)

R2 I ¢ PC

- NC —BSBOARD
A

OMMON
NC ==
NQ =
0

COM

Fig. 4. Layout of rear of front panel. As circuit
layout is not critical, any arrangement can be used.
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Two holes must be drilled in
the plastic case. One is for
the pill container that mounts
PC1, while the other is for
making R7 adjustments. For
maximum rigidity, mount the
pill container half way in the
case and use high-quality ce-
ment. Use the pill container
cover as a cap when the Op-
Tach is not in use. This keeps
dust away from the photo cell.

HOLE FOR R7

ADJUSTMENT

clear plastic front of the meter and use
a pencil eraser to remove the “D.C. MI-
CROAMPERES” marking. You can then
use either pen and ink or dry transfers
to relabel the meter “RPM X 10”. If at
all possible, remove the scale before do-
ing any lettering on it and, in any case,
be very careful not to bend the meter
needle or damage the movement.

Calibration. The best way to calibrate
the Op-Tach is by comparing it to a
tachometer of known accuracy, but if
such an instrument is not available, you
can use one of the following methods:

Signal-Generator Method. Figure 5
shows a calibration setup using an audio
signal generator. Set the generator for
an output of 50 Hz and 1.5 volts peak-to-
peak. Turn on the Op-Tach and set RS8
so that the meter reads 500 with S2
depressed. Release S2 and set sensitiv-
ity control R2 at its least sensitive
point (counterclockwise). You may get
a reading with the sensitivity control at
this position but if you don’t, advance R2
slowly until the meter shows a steady
reading. Adjust the range potentiome-
ter, R7, to give a reading of 3000 RPM
(the equivalent of 50 Hz). While you
have the equipment set up, you may
want to check the tachometer at sev-
eral other frequencies. Remember that
indicated RPM is frequency times 60.

The electronic portion of the Op-Tach
is inherently linear above about 500
RPM so any nonlinearity you may
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find is in the meter movement. Since
most inexpensive meters have a nomi-
nal accuracy of 5%, you can expect an
error of less than 250 r/min on the 5000
RPM range (usually much less).
Power-Line Method. If you don’t have
a signal generator, the best thing to do
is to use a filament transformer and a
voltage divider set up as shown in Fig.

HOW IT WORKS

Each time a sharp change of light hits the Op-
Tach’s photocell, the resistance of CI changes
and a voltage pulse is created at terminal 14 of
IC1. This pulse is amplified and shaped by the six
inverters in /CI. SENSITIVITY control, R2, is
used to set the amount of forward bias in the first
inverter in 7C 1. Capacitor (2 isolates the last two
inverters from any cascaded d.c. bias in the first
four stages: and R3 prevents an excess charge
from accumulating on C2, which would reverse
bias the last two inverter stages,

The output at pin 7 of /C1 triggers a mono-
stable multivibrator composed of R4, €3, and two
of the four logic zates in /(2. Even though the
reflected lizht detected by PCI varies in duration
and intensity, the output of the multivibrator is a
pulse of constant height and width whose fre-
quency is determined by the number of times that
the reflected light strikes PCI.

The pulses are squared up and bufiered by the
other two gates in /C2 and applied to the base of
Q1. When a pulse is applied to Q1. it is turned on
and a short pulse of current flows through meter
371, As the speed of the object increases, the
pulses become closer together and the average
value of current flowing through M1 increases.
Capacitor ('3 smooths this waveform and helps
keep the meter needle from jiggling,

When pushbutton 52 is pressed. the meter is
taken out of the collector circuit of QI and put
in series with R9. The voltage across the meter is
then determined by Q2 and can be varied by ad-
justing RS, Variations in battery output due to
aging are eliminated by setting RS for a current
flow of 300 microamperes before each reading.

POPULAR ELECTRONICS
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Fig. 5. To calibrate, use an audio signal generator
delivering 1.5 volts peak-to-peak at 50 Hz as the in-
put and adjust R7 (through its hole) for 3000 RPM.

6. The procedure is the same as that
above except that you adjust R7 for a
meter reading of 3600. (Unless you hap-
pen to have a power line with a 50-Hz
frequency; in which case, the read-
ing would be 3000 RPM.)

Of course the meter doesn’t have to
be calibrated for a full-scale reading of
5000 RPM. You can set R7 for 10,000 or
15,000 RPM and change the meter scale
markings accordingly. However, you will
have to use an audio signal for calibra-
tion in the higher ranges. Select a fre-
quency near the center of the range.
For instance, for a 10,000-RPM scale,
use 83 Hz, which is equivalent to 4980
RPM (make the setting for 5000). Don’t
try to get a full-scale range of more than
15,000 RPM or you may run into serious
nonlinearities.

Operation. The Op-Tach can be used in
one of two ways: by reflection or by
transmission of light.

Reflective. In the first method, light is
reflected from a rotating spot which is

"PLASTIC PILL LENS CAP

of a different reflectivity from the rest
of the object. The shafts of some motors
have flats machined on them and these
serve as good reflective spots. In most
cases, however, the contrasting area
must be made artificially. You can use a
small piece of aluminum foil attached
with clear cellophane tape or simply a
piece of paper of a color which contrasts
with the background. A small area paint-
ed in contrast will also be satisfactory.

Position the Op-Tach so that light
is reflected from the surface of the rotat-

H7VAC
60Hz

Fig. 6. You can use the commercial 60-Hz power line
as a calibration source, with the divider network
shown here, to calibrate the Op Tach to 3600 RPM.

ing body into the photocell. A light
source is not included as part of the in-
strument since quite often ambient light
is sufficient. If it is not, use an auxiliary
light such as a flashlight or drop light.

Look at the rotating object from the
direction and position in which the tach-
ometer is located. If you can see a direct
reflection from the light source, you can
use the Op-Tach. If not, change the posi-
tion of the light or the tachometer, or
both. You can hold the Op-Tach in your

(Continued on page 113)

The wiring between the
PC board and the front
- panel can be made neat
. by passing it through a
piece of plastic tubing.
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OP-TACH

(Continued from page 31)

hand if it is sufficiently steady to get
constant readings. Otherwise, place the
Op-Tach on a solid surface. For the best
accuracy, always have the tachometer
case in a position as close to horizontal
as possible.

Turn on the Op-Tach by rotating R8
clockwise until S turns on. This supplies
power to the meter. Depress 82 and con-
tinue to rotate R8 until you get a full-
scale deflection. Then release S2. With
the photocell pointed at the rotating

body, advance the SENSITIVITY con-

trol (R2) until you get a steady reading.
If the sensitivity is made too high, the
photocell will begin to pick up minor
differences in reflectivity due to surface
imperfections. This results in an erratic
reading on the meter, which can be cured
by decreasing the sensitivity.

If the rotation being measured is
below about 500 RPM the meter may
“dance” somewhat. This effect is not ob-
jectionable, however, until the speed is
below 200 RPM. To avoid this problem,
try using more than one contrasting area
on the rotating object. This has the effect
of multiplying the speed of the object by
the number of reflecting surfaces you
add, and the speed read on the meter can
be converted to true speed by dividing
by that number. For instance, if you
have placed six contrasting strips on a
rotating object and the tachometer reads
1200 RPM. Then the true speed is 1200
divided by 6 or 200 RPM.

Transmissive. The measurement meth-
od using the transmission of light
through a rotating object to the Op-Tach
works extremely well for slowly ro-
tating fans. The light source is placed on
one side of the fan and the Op-Tach on
the other so that each blade interrupts
the beam as it passes between the source
and the tachometer. The instrument is
turned on and the voltage is adjusted as
before. Because of the extreme difference
in light levels, the sensitivity adjust-
ment may have to be increased slightly.
The indicated RPM must be divided by
the number of times the beam is inter-
rupted during one revolution of the fan
(number of blades). ~3o-

~ |OUT OF TUNE

Build

“Op-Tach” (March 1969). The

value of B9 shown in Fig. 1 and specified
in Parts List, both on page 28, should be
6800 ohms—not 680 ohms.



| “Buila Op Tach” (March 1969). In a
2 letter in our July issue, a fluorescent
light method of calibrating the “op tach”
| was proposed. This will work but the
| repetition rate is 7200 times/min
not 3600. Since 60-Hz power has two
maximum peaks the fluorescent fires 120
times/sec.
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ﬂ Solid Tach

You can adjust a car engine to specified idle
and choke rpm with this one-transistor ta-
chometer.

Wiring is not critical and the unit can be
assembled in a plastic box or metal cabi-
net. Zener diode D1 is any 250-milliwatt

101 ErLEcTRONIC PROJECTS

+12 VDC = AN N—

R4

" DISTRIBUTOR
POINTS

AUTO

SK3020

Q1

CHASSIS

unit rated as close to 9 V as possible.
The unit can be used only on cars with a
negative ground. The power lead connects
to a positive 12-V point in the car's wiring,
the ground lead connects to the car chas-
sis. The distributor lead connects to the
lead between the distributor and ignition
coil. Do not connect it to a solid-state igni-
tion system.

The meter scale is linear, with full scale
representing approximately 10,000 rpm.
Calibrate the tach against a commercial
tach (at your local garage?) by noting the
commercial tach’s reading and adjusting

PARTS LIST FOR SOLID TACH
C1—1-uF, 100-VDC electrolytic capacitor
€2—0.47-uF, 15-VDC capacitor
D1-9.1-V. 250-mW Zener diode-—Moto-

rola HEP-104
D2, D3—100-mA, 50-PIV silicon rectifier

—Motorola HEP-154
M1—0-1 mA DC meter
@1—SK3020 npn transistor (RCA)
R1—200-ohm, V2-watt resistor
R2—220-0hm, Y2-watt resistor
R3—1500-ohm, V2-watt resistor
R4—330-ohm, Y2-watt resistor
R5—1000-0hm potentiometer

R5 til! your tach reads the same.




By CHARLES GREEN

ANY home craftsmen have discovered
that working with the latest generation
of infinitely-variable, speed-controlled tools
is a frustrating experience. The tools have the
capacity to work at full, half, or any speed
down to zero. Problem is, few if any of these
tools give you the shaft or blade speed for a
given trigger setting.

A few years ago, the solid-state speed con-
troller was introduced to the handyman. Plug
that old-fashion, single-speed tool into this
gadget and variable speed is yours for the
dialing. But just like their more recent shop-
mates, the add-on speed controller cannot
give you any inkling of tool RPM.

It’s easy to determine the speed of any
power tool, especially those driven via elec-
tronic speed control, with our Low-Cost
Speed Indicator. This indicator works with
a hand drill, lathe, drill press or any rotating
workshop instrument. And with practice you
can learn to gauge the speed of a saber saw
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or any other reciprocating tool.

Our indicator works on the persistence of
vision effect. A blinking light is aimed at a
moving target. When the number of light
bursts at a given moment almost equals the
target’s speed, the device appears to move
slowly. If the light bursts accurately coincide
with the moving object, it appears to stand
still.

The speed indicator utilizes a neon timing
light. The lamp is driven by a solid-state tim-
ing circuit. And the dial is calibrated to read
speed directly from 125 to 3,000 rpm.

How it Works. Unijunction transistor Q1
and associated components are connected as
a sawtooth oscillator. When power is applied
to the circuit, current flows through resistor
R2 and pot R1 (rpm). Capacitor CI charges
up to a voltage of sufficient value to force
transistor Q1 to conduct.

When Q1 conducts, a sawtooth-shape cur-
rent pulse flows through Base 1 and Base 2

Electronics Illustrated



of the transistor. This pulse is coupled via
resistor R4 to the base of transistor Q2, -

Transistor Q2 helps to turn the sawtooth
signal into a somewhat squarewave-shape
voltage. The waveform is processed to give
output autotransformer T1 adequate time to
build up energy in the windings.

Transistor Q3 completes the voltage-shap-

Fig. 1—For clarity, autotrcmsformer Tl was re-
volved 90° to show its terminal post wiring de-
tail. Heatsink holding Q4 must be electrically
insulated from chassis as seen below in pictorial.

g
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Low-Cost
Speed Indicator

Fig, 2—Cement dial to piece of
plastic. Mount dial to Rl with
its shaft in maximum CW position
so that 125 RPM reading is at
vertical, or 12 o’clock. setting,

ing process. The output of Q3 is fed via

resistor R6 to the base of transistor Q4. This
semiconductor couples the signal to trans-
former T1. The secondary winding of Tl
steps up the induced waveform to a voltage
high enough to fire timing lamp NL2.
When QI conducts, it discharges capacitor
Cl and the process is repeated. The firing
rate of Q1 is determined by the setting of
pot R1. The lower the pot’s overall resistance,
the higher the output frequency of the saw-
tooth. The neon lamp flashes at a frequency
which equals the highest speed measured by
the indicator. As the potentiometer resistance
is increased, the frequency of the sawtooth
decreases, slowing the flash rate of NL2.
Transformer T2, bridge rectifier BR1 and
electrolytic capacitor C3 form the indicator’s

78

Fig. 3—Chassis is cut so that High
Voltage tower of T1 protrudes slight-
ly. Below TI is ground terminal. Note
aluminum strap clamping Tl with
masonite holding strap to chassis.

power supply. About 12 VDC is sup-
plied to Q1-Q4.

Building the Speed Indicator. The
circuit is housed in a 6 x 8 x 4%2-in.
aluminum cabinet. Most of the com-
ponents are mounted on a 3%-in.
square perfboard. Connections are
made with pressure-sensitive, pre-
etched copper patterns. Components also can
be mounted with push-in clips and connected
with wire. Since the circuit operates at low
frequencies, component placement is not
critical.

Two of thé components, autotransformer
T1 and neon timing light NL2, can be bought
at automotive-parts stores. Transformer T1
is a standard ignition coil for any auto using
an external ignition ballast resistor. Compo-
nent NL2 is a neon automotive timing
light. If you buy a timing light with a remote
starting switch, disregard this switch. See the
Parts List.

Start construction by cutting out a 3¥%-in.-
square piece of perfboard. Mount compo-
nents to the adhesive-backed copper pattern
as shown in our pictorial. Wires leading away
from the perfboard are terminated with push-
in clips soldered to the copper pattern.

Once perfboard wiring is completed,
mount it to a corner of the chassis. Use ¥2-in.
spacers at each board corner.

Fasten Q4 to the heatsink and mount the

Electronics Illustrated



Fig. 4-—For proper op-

eration of neon timing
lamp NL2, wire auto-
transformer T1 polarity
as shown in schematic.
If on/off indicator lamp
has built-in current-lim-

iting resistor, omit R7.

€ (CASE)

:
+
- . {
==C3 @ I ‘l | '
G4

Q2-03

PARTS LIST

Cl-—1 uf, 25V capacitor

C2—0.5 uf, 100V capacitor

C3—2200 uf, 25V electrolytic capacitor

BR1-—Bridge rectifier; minimum ratings:

50 PIV @ 1.5A (International Rectifier
18DB6A-6 or equiv.)

F1—1.5A fuse

NL1-—Neon pilot lamp assembly (includes R7)

NL2-—Automotive timing famp (Sears,
Roebuck & Co. 28AR2159 or equiv.)

Ql—Unijunction transistor (Motorola HEP-310)

Q2, Q3—Npn transistor (Motorola HEP-245)

Q3—Npn transistor (Motorola HEP-247)

Resistors: 4-watt, 10% unless otherwise
noted

R1—500,000 ohms, audio-taper pot.
(Calectro B1-688 or equiv.)

R2—10,000 ohms

R3—1,000 ohms

R4, R5, R6—47 ohms

S1—SPST switch (Calectro 34-098 or equiv.)

T1—12V automotive ignition coil, external re-
sistor type (Sears, Roebuck & Co. 28AR8245
or equiv.)

T2~—Power transformer; secondary:
12.6V @ 1.5A (Triad F-25X or equiv.)

1—Heatsink (International Rectifier [R132-C
or equiv.)

Misc.—6 x 8 x 414-in. aluminum cabinet (LMB
CB-2), perforated board, Y%-in. aluminum
spacers, AC line cord, sheet aluminum for
bracket, adhesive-backed, copper circuit
patterns.

heatsink with insulating washers and angle
brackets to the chassis. The heatsink must be
electrically insulated from chassis and
bracket. Both angle brackets are cut from
sheet aluminum to 5/16-in. wide by 13 -in.
high. The bracket foot is about VY5 -in. long.
Autotransformer T1 is mounted to the
chassis with a J-shaped sheet aluminum sec-
tion wrapped around T1. A piece of Masonite
is slipped between T1 and the chassis, allow-
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ing the lip of the ignition coil to clear the
chassis. T1’s high-voltage terminal protrudes
out of a hole cut in the rear of chassis. Posi-
tion T1 on the chassis as shown in the photo.

Mount T2 to the chassis with No. 6 hard-
ware. Finally, install NL1, S1 and pot R1 on
the front panel. Interconnect all switch com-
ponents: Remember to keep the leads away
from the heatsink. A bent ignition wire ter-
minal serves as the chassis ground connection
for NL2 but a large fahnestock clip works as
well.

Calibrating the Speed Indicator. Connect
one lead of the neon timing lamp to TI’s
HYV terminal. The remaining lead is attached
to the chassis. If an external ground is handy,

-run a separate ground lead to the chassis.

This minimizes any chance of an electrical
shock hazard, especially if your shop floor is
damp. Remember, do not touch the ignition
coil HV terminal while it’s operating.

Plug in the AC line cord and turn S1 on.
Rotate R1 from minimum to maximum re-
sistance setting and check the timing-lamp
flashes. The frequency of the flashes should
have a long dwell period at R1I’s maximum
setting. As R1 is rotated toward minimum
resistance, the flashes should increase.

The pot’s dial can be accurately calibrated
after it is mounted. Connect a triggered time
base oscilloscope to the collector of Q4 and
directly measure off pulse frequency.

Or, place a silicon photo cell connected to
a scope in front of the neon timing lamp.
This method was used to calibrate our indi-
cator,

Measure the pulse rate per second (fre-
quency) with the scope. Then multiply this
reading by 60 to obtain rpm. For example,

[Continued on page 101]
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Low-Cost Speed Indicator

Continued from page 79

if you read 10 pulses per second on the scope
multiply by 60 for a 600-rpm reading.

The speed indicator can be calibrated
against an automotive tachometer by aiming
NL2 at an engine flywheel timing mark.

Close calibration can be made by tracing
the dial on a piece of cardboard. Our dial is
3'-in. in diameter and is cut from a sheet
of plastic. Position the dial so that the 125-
rpm marking coincides with the dial index
when the pot is rotated to maximum resist-
ance point.

Operating the Indicator, If the speed of
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the object and the light pulse repetition rate
are matched exactly, a mark on the object
will appear as a stationary reference mark.

The single-image stroboscopic effect will
“also occur when NL2’s pulse frequency is a
sub-multiple (half, third, quarter, etc.) of
the rotating object. Multiple images occur
when the light pulse frequency is a multiple
of the rotating object frequency. Reason is,
the rotating object is illuminated more than
once each cycle.

To measure the rpm of a rotating object,
set the dial to the 3,000-rpm mark. The rotat-
ing object should be marked with chalk, a
pasted-on marked paper tab or engraved line.
Lower the dial slowly until the first single

image appears. -§-

The Ham Shack
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MEASURE RPM OF ROTATING ELEMENTS WITH

THE IC
PHOTO TACHOMETER

Battery-operated device gives accurate readings.
up to 50,000 rpm without physical contact.

F YOU service the numerous

motor-driven appliances and tools
found in the home, shop, or factory,
consider building this photo tachome-
ter. By recording normal rotational
speeds for comparision with later
measurements, you can easily detect
the effect of worn gear trains or motor
brushes and gauge improvement of
performance after repairs. With no
mechanical coupling required, the
Photo-Tach measures the rpm of any
type of rotating element, including
miniature high-speed, low-power
motors. You can also use the Photo-
Tach as an analog frequency meter,
54

BY ADOLPH A. MANGIERI

useful for checking inverters and aux-
iliary ac generators.

Operated in either the incident or re-
flected light mode, the Photo-Tach in-
cludes five ranges up to 50,000 rpm. A
plug-in light probe, using a high-
speed photo-transistor, facilitates
speed measurements. Using low-cost,
high-performance IC’s, the battery-
operated tachometer features high
accuracy and stability. The schematic
diagram is shown in Fig. 1.

How It Works. Light pulses striking
photo-transistor Q7 produce voltage
pulses at the input of operational am-

plifier /IC1, connected as a Schmitt
trigger which produces a sharply
squared output pulse for each input
pulse. Resistors A3 and R4 provide
positive feedback and also determine
the input voltage hysteresis or dead-
band. This prevents the tach from re-
sponding to noise components of the
main signal and rejects the small
120-Hz modulation of 60-Hz incandes-
cent light sources. Input high-pass fil-
ter, C1-R2, favors response to fast-
changing light signals.

Qutput pulses from /C71 are differen-
tiated by C6-R6 forming voltage spikes
which are applied to the trigger input

POPULAR ELECTRONICS



terminal (2) of timer /C2, connected as
a monostable. When a negative-going
trigger pulse drives pin 2 below one-
third V.., the timer delivers a precise
output pulse V, at pin 3. Output pulse
duration, independent of supply volt-
age, depends on timing capacitor C7
and a timing resistor selected by range
switch S7. Output pulses V, pass
through diode D7 and energize FET
constant-current source Q2-R17, pro-
ducing constant-amplitude pulses
across R7. Diode D71 blocks the small
residual voltage when V, is low.
Constant-duration pulses of constant
amplitude are averaged by meter M1

which responds linearly to the repeti-
tion rate of input light puises.
Potentiometer R16 adjusts the input
sensitivity while capacitor C717 damp-
ens meter pointer vibration at low
(2500) rpm. With a pulse duty cycle of
near one-third at full scale, meter
overrange is within safe limits.

Construction. Assemble the Photo-
Tach in a 3"x412"x6%2" metal case. In
the prototype, perf board construction
was used but you can make a printed
circuit board using the foil pattern
shown in Fig. 2. Use sockets for IC7,
IC2, and Q2, and use short, heavy

buses on the circuit board as common

. tie points to avoid ground loops. In-

stall bypass capacitors C3 and C4
close to their IC1 pins. Wire R16 so
that its resistance is zero with the con-
trol set counterclockwise. Voliage-
range multipler resistor R70 is, prefer-
ably 1% tolerance.

Connect the supply minus to case
(ground). Tape over any unused pins
of the IC sockets and carefuly observe
correct instaliation of the IC’s. Re-
move the meter dial card and mark the
additional scales using dry transfers
(see photograph). Otherwise, mark
rpm range switch S7 with multipliers

al
HEP Pl
\ POOOI l

B1—9-volt battery (Burgess 2U6 or equiv.)

C1—0.002-uF 10% ceramic disc capacitor

C2—0.05-uF ceramic disc capacitor

C3, C4—0.1-uF ceramic disc capacitor

C5—0.01-uF ceramic disc capacitor

C6—0.001-uF 10% ceramic disc capacitor

C7—0.068-uF 10% Mylar capacitor

C8, C9, C10—20-uF 15-V electrolytic
capacxtor

C11, C12—100-uF,
capacitor
D1—Silicon diode (HEP 154 or equiv.)

IC1—Operational amplifier (HEP C6052P or
741C0)

1C2—5S5 timer 1C

J1—Miniature phone jack

J2, J3—Phone tip jack (one red, one black)

M 1-—0-50-microampere dc meter

P1—Miniature phone plug

15-V electrolytic

R1, R8, R9—3900-ohm, Y5-watt 5% resistor
R2—150,000-ohm, Y5-watt 109% resistor
R3—5100-ohm, Y2-watt 10% resistor
R4—100,000-ohm, Y2-watt 10% resistor
RS, R6—47,000-ohm, Y2-watt 5% resistor
R7—1000-ohm, Y2-watt 5%% resistor
R10—200,000-ohm, Y2-watt 1% resistor
R11—100,000-ohm resistor
R 12—50,000-0hm resistor
R13—25,000-ohm resistor
R14—10,000-ohm resistor
R 15—5000-chm resistor
R16—100.000-ohm audio taper potentiome-
ter, with spst switch S2. (Radio Shack
271-1727 or equiv.)
R17—5000-ohm trimmer (Radio Shack
271-217)

5% or better
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PARTS LIST
QI1—Photo transistor (HEP P0001, HEP 312, R18—10,000-ohm trimmer' (Radio Shack
Or equiv.) 271-218)
Q2—N-channel JFET (HEP 801 or equiv.)  S1—Dp, 5-pos. shorting switch (Centralab

PA-1002 or equiv.)

S2—Spst sw1tch (on R16)

S3—Sp, 2-circuit momentary pushbutton
switch

Misc.:—Transistor socket: DIP sockets (2);
metal case 412"x6%"x3" (Vector
W30-66-46B or equiv.); P-pattern perfo-
rated board; knobs (2); battery clip: minia-
ture shielded cable; flea clips (Vector T42-1
or equiv.) hardware; etc.

Note: If you choose to use a printed circuit
board. an etched. undrilled board (#
Phototach 874) is available for $3.95, post-
paid, from Techniques Inc., 235 Jackson
St., Englewood, NJ 07631. New Jersey re-
sidents please add 5% sales tax.

Fig. 1. The light pulses at QI are squared up in IC1 and turn on precision monostable IC2. Constant-current output
pulses through Q2 are averaged by the meter as rpm. Five ranges permit testing up to 50,000 rpn.
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of the 0-50 scale. Do not connect a
meter protector across M7.

Mount the meter, range switch S7,
sensitivity control R76, battery test
switch S§3, probe input jack J7, ac
input connector J2, and the ground
connector J3 on the front panel as
shown in the photographs.

For photo-transistor Q7, use either a
glass lens (HEP P0001) or plastic lens
(HEP 312). Clip off or insulate the un-
used base lead of the PO001 transistor.
Connect the outer braid of a three- to
four-foot length of miniature shielded
cable to the emitter of Q7 and center
conductor to collector. Make sure the
braid is connected to the grounding
side of the P1-J1 combination. Install
Q17 within an opaque pilastic tube,
such as the barrel of a ballpoint pen.
Position the lens about one-quarter
inch from the tip of the probe. install
battery B7 on the back plate of the
cabinet.

Calibration and Checkout. SetR77
and R78 to mid-position and S7 to
2500 rpm, then connect a dc voltmeter
across R7. This test voltmeter input
resistance should be at least 50,000
ohms on the selected voltage range.
Disconnect wire "X from the rotor of
switch STA. Operate sensitivity control
R16 to close S2. If M7 is not pegged
upscale, short R6 momentarily, caus-
ing V, to go high. Adjust R77 until the
voltmeter indicates one volt. Remove
the voltmeter, open S2, and reconnect
wire "X to STA.

Breadboard the calibration circuit
shown in Fig. 3, which supplies a

0

120-Hz signal (equivalent to 7200 rpm)
and connect to jacks J2 and J3. Set S17
to 10,000 rpm, close S2 and adjust R718
until M7 indicates 7200 rpm. With ac-
curate range resistors, all ranges are
simultaneously calibrated to high ac-
curacy. You can use a signal
generator to calibrate, check, or trim
rpm ranges provided frequencies can
be set to high accuracy, as with a fre-
quency counter. Multiply frequency by
sixty to obtain equivalent rpm.

Next, check rejection of the small
120-Hz modulation of incandescent
light sources. Insert the probe in J7
and aim the probe at a 50- or 75-watt
lamp at distances of two inches to
three feet while varying R716 (sensitiv-
ity control) over its range. If M7 does
not remain at zero under all condi-
tions, increase input hysteresis by in-
creasing R3 to 8200 or 12,000 ohms. If
further remedy is required (not likely),
reduce R2 to 100,000 or 82,000 ohms
and/or reduce C7 to 0.001 pF.

Connect a 1500-ohm potentiometer
(set for minimum resistance} in series
with the plus lead of B7. Connect the
calibrating signal to J2 and J3. In-
crease the potentiometer resistance
until M7 drops to 7100 rpm or about
1% lower. Depress pushbutton switch
83 and observe battery end-point vol-
tage on M7, read as 0-10 volts dc.
End-point voltage should be near 6.6
volts or less. If the voltage is above 7
volts, use a 12-volt battery forB7 (made
up of eight AA cells connected in
series). The additional supply voltage
accommodates a FET (Q2) having a
pinch-off voltage above 3 volts.
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Fig. 2. Though the prototype of the
tachometer was assembled on perforated
board, it is convenient to use a

printed circuit board. C7A is two 0.033

capacitors if this is preferred to one
L068. (See Parts List to order board.)

Applications. In the incident-light
mode of operation, the rotating ele-
ment whose rpm is to be checked
chops or gates the light traveling di-
rectly from a light source to the probe.
This provides a noise-free, large-
signal input to the tach. A reflectorized
handy light with a 50- to 100-watt lamp
proved a most convenient light source
but you can use a desk lamp, drop
cord, or a flashlight.

Position the light source about two
feet behind the blades of an operating
electric fan. Hold the probe near the
front of the fan, aimed at the lamp. Ad-
vance R716 until M7 shows a steady
and maximum indication. Observe
that R76 can be varied over much of its
range while M7 remains steady. For a
fan with four blades, divide indicated
rpm by four, etc.

To check the speed of a drill, con-
struct a light chopper using a three-

| TI

Fig. 3. Calibration circuit delivers
a 120-Hz signal equivalent to 7200
rpm. Multiply frequency by 60 to
obtain the equivalent speed.

POPULAR ELECTRONICS



Photograph of prototype, assembled using a perforated board, shows how parts were
assembled in chassis. The arrangement of the front panel is shown in the title photo.

inch diameter cardboard disc. Cut out
a ¥"x¥%" light gate at the edge and
chuck the disc in the drill using a
machine screw. To check motors hav-
ing various shaft sizes, attach a light
chopper disc to a suitable wheel, shaft
collar, or knob. The spokes of a large
pulley can serve as a light chopper.

In the reflected-light mode, the sen-
sor views light reflected from contrast-
ing surfaces. If surface reflectivity is
excessively uneven due to rust spots,
discolorations, or other irregularities,
a reflected-light pulse may contain ex-
cessive noise. This will be recognized
as a very high and erratic indication on
the meter. Involving two directions of
light travel, the reflected-light mode
may require rigging of probe or light
source, or both, to maintain steady in-
dications.

To check the speed of amotor having
a half-inch shaft or larger, wrap a strip
of electrician’s tape (cloth friction
type, not glossy surface vinyl) around
the shaft. Place the band on a shaft flat
if possible. Place a strip of white sur-
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gical adhesive tape lengthwise across
the band. Or, paint a white strip using
fast-dry flat paint. Rig the probe hori-
zontally about one inch from the shaft
facing the band.

For the flatted shaft with white strip
on the flat, hold the light source di-
rectly above the shaft at a distance of
about 8 to 12 inches. For the round
shaft, hold the lamp about 6 inches
above the end of the probe handle.
Advance R716 and verify that the meter
indication remains steady over some
portion of pot rotation, proving ade-
quate light input. For motors having
smaller shafts, attach a reflective disc
to a suitable wheel or knob. Paint half
of the disc flat black and the balance
flat white. Fan speed can be checked
by this method provided the fan
blades are clean and uniform in ap-
pearance. By sighting the running fan
from several angles, you can pick a
suitable direction to aim the probe.
Particularly with very small fans, a
slightly twisted blade can result in a
missed light pulse.

Meter-pointer vibration becomes
apparent below 400 rpm. In this case,
include a second light gate or reflec-
tive surface and divide indicated rpm
by two, etc. Position additional light
gates or reflective surfaces in an ap-
proximately symmetrical pattern.

Keep tabs on the normal running
speeds of appliances and tools for
later comparisons. Use speed meas-
urements to isolate problems between
motor and drive train and observe ef-

fect of repairs. Speed measurements

on major heavy-duty appliances such
as washers and dryers can forewarn
you of progressive wear which may
lead to motor overload and possible
fire hazards.

The tachometer can be used as a
low-range frequency meter to check
frequencies from about 10 to 800 Hz.
Inject one or two volts ac into jacks J2
and J3 and divide indicated rpm by 60.
Also, by connecting J2 and J3 to a
scope, you can observe input to the
tach as you vary lighting and sensitiv-
ity settings. @®
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$6 ELECTRONIC TACHOMETER

TRANSISTORIZED CIRCUITRY
KEEPS WATCH

ON YOUR ENGINE SPEED

FOR BETTER GAS MILEAGE,
MAXIMUM EFFICIENCY,

AND SMOOTHER PERFORMANCE

By RICHARD E. STAERZL

F YOU DRIVE a manual shift auto, at

what engine speeds—rather than road
speeds—should you shift gear for top
fuel economy with maximum horse-
power and torque? At 65, 100, or 1800
r/min? The answer lies in the horse-
power rating, number of cylinders, en-
gine cycle, and other factors related to
engine design.

April, 1967

Car makers’ manuals usually contain
information on specific engine r/min
from idling speed through full accelera-
tion, and specify when to shift gears, or
when maximum torque is reached. How-
ever, if your car is not equipped with a
tachometer, this information will be of
little value to you.

For under six bucks you can build and
install an accurate transistorized tach-
ometer that can be used with any 4-, 6-,
or 8-cylinder, 2- or 4-cycle engine hav-
ing either a standard or transistorized
negative-ground ignition system. This
tach will tell you what your idling speed
should be, when to up-shift for best ac-
celeration and maximum efficiency, and
when to down-shift to avoid engine lug-

ging.

How It Works. The tachometer circuit
(Fig. 1) is nothing more than a simple
monostable multivibrator (@1 and Q2)
triggered by a shaped positive-going
rectangular pulse produced by the open-
ing and closing of the auto’s ignition
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points. Pulse shaping is accomplished
by the C2-R6 combination.

The average current in QI's collector
is monitored by a 0-1 mA full-scale
meter. Since the collector current will
be directly proportional to the trigger
frequency, determined by the engine
r/min, the meter can be calibrated in
terms of r/min. The accuracy of the
reading is determined essentially by the
accuracy of the metfer used. The econ-
omy meter shown is accurate within
+=2% of full scale.

Construction. A convenient layout for
the tachometer is given in Fig. 2. The
parts are laid out on a 11” x 134" per-
forated phenolic board, and the circuit

PARTS LIST

C1, C2—0.1-uF, 200-volt capacitor

MI1—0-1 md d.c. milliammeter—see fext

Q1, Q2-——2N414 transistor

RI, R2—2200-0hm, Vi-watl resistor

R3—1000-0km printed-circuit miniature poten-
tiometer

R4—6800-0hm, Vi-watl resistor

RS, R6—1000-0/tm, Vs-watt resistor

R7—120-0km, Vs-watt resistor

Misc.—Transistor sockets, phenolic circuit board,
wire, solder, cuclosure (optional)

< 3+ S
2RI 2R3 R23
2.2k E;;m 2.2K3

cz
JApF

RS R6
1.4 K

LP- TO POINTS
+12V

Fig. 1. This tachometer features the naked simpli-
city of a monostable multivibrator being triggered
by the pulses generated by the ignition points.
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R7
120 0.

board is then mounted on the back of a
d.c. milliammeter. Although an inexpen-
sive 0-1 mA d.c. meter was selected to
keep the cost low, a 31%”- or 4%%”-wide
view panel meter is preferable.

The entire unit can be housed in a
plastic or metal case for use as a portable
test instrument, or the meter case can

Fig. 2. The electronic circuitry is first put together
on a suitable sized circuit board, and the as-
sembly is mounted on the back of the meter case.
You could also house the circuit board separately.

be mounted separately on the dash while
the electronic circuitry can be housed
and stored in the glove compartment,
or fastened under the dash.

Calibration. The easiest way to cali-
brate your tachometer is with another
tachometer. Connect both tachs in par-
allel and rev the engine up to 1000
r/min. Then adjust R3 for a reading
of 0.1 mA on the meter being calibrated.
With this adjustment, the meter is cali-
brated so that each 0.1 mA increment
on the dial represents 1000 r/min. If
you wish, you can also calibrate the
meter directly in r/min.

Another method of calibration is to
use a high-output square-wave generator
as a signal source. Set the generator
frequency to 33 hertz for a 4-cylinder
car, to 50 hertz for a 6-cylinder car, or
to 67 hertz for an 8-cylinder car, and ad-
just the generator to any output from 6
to 24 volts peak-to-peak. Now adjust
potentiometer R3 until you get a read-
ing of 0.1 mA on the meter. With this
adjustment, your tach is calibrated for
1000 r/min per 0.1 mA. 30—

POPULAR ELECTRONICS



TACHO TIMING LIGHT

Extended circuitry allows timing check over

full speed range.

This instrument - incorporates
a cahbrated delay which gives a meter
indication of the exact advance of the
ignition in degrees — at any engine
speed. It has a built-in tachometer so
a serious enthusiast could check the
complete distributor advance curve.

The use of such an instrument will
allow checks on the correct operation
of the distributor particularly with
respect to mechanical and vacuum
advance with increasing RPM.

CONSTRUCTION

The layout and construction of the
timing light will vary depending on the
housing.

We purchased a cheap torch which
takes four HP2 batteries.

Qur  layout and method of
construction can be seen from the
illustration but this can readily be
varied to suit the housing used.

Most of the electronic components
are mounted on a printed circuit board
which can be assembled with the aid
of the circuit diagram and the

component overlay, Fig. 2. Check the

polarity of diodes, capacitors and
transistors etc before soldering. All
external wiring to the PC board is
numbered and interconnections from
the PC board to external components
should be made with the aid of the
circuit diagram, note that C4 is
mounted on the back of the meter and
C12 on the rear of the reflector.

The inverter power transistors should
be mounted on, but insulated from, a
heatsink made from aluminium sheet

Assembly of the unit may be seen from this photograph.
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of at least 40 square centimetres area.

if the unit will not oscillate, {you
will hear a 2 kHz whistle when it is
oscillating) try reversing the feedback
winding.

The secondary voltage is around 350
volts and care should therefore be
taken to insert insulation as specified
in Table 1, between the primary and
secondary windings in the transformer,
and to keep the windings separate on
the matrix board.

The reflector of the torch may be
modified to house the flash lamp in
the following manner.

Remove the existing socket, using a
pair of pliers or cutters, and file the

WARNING

On some cars the fan. blades
rotate close to or at a multiple
of the crankshaft speed. When
strobed by the timing light, the
fan may appear to be stationary

- or rotating slowly. _

This is common to all strobe
light timers and failure to
remember this can result in
serious personal injury, or a
wrecked timing light.

ALWAYS — keep well clear of
the fan, or remove the fan belt
whilst timing the engine.

ET1 TOP PROJECTS — 3



opening until it is large enough to
accept the flash lamp with about one
millimetre clearance all round. insert
the lamp from the front and use
modelling clay at the rear -of the
reflector to hold the lamp and seal the
opening. Then pour quick-dry epoxy
cement into the reflector until there is
sufficient around the base of the tube
to secure it in place. Be careful not to
get epoxy elsewhere on the reflector.
When dry, remove the clay and use
more epoxy to fill any recesses in the
rear.

If and when the tube is to be

replaced a hot soldering iron may be
used to destroy the epoxy thus
permitting removal.

The discharge capacitor C12 should
be mounted on the rear of the flash-
tube/reflector assembly as shown in
the photograph.

The pick-up coil is wound on a
toroidal ferrite core, as shown in the
photograph, wusing screened audio
cable as follows. Remove about 0.8
metres of the inner cable from its
shield and wind 20 turns of this
around the ferrite core. Then solder
the end of the inner conductor to the
screen thus creating a complete loop.

The coil should also be shielded to
prevent the magnetic field around
nearby spark-plugs (other than number
one plug) from triggering the timing
light. To do this we cut strips of
aluminium foil about 10mm wide and
sandwiched them between two layers
of 12mm wide cellulose-tape to
produce a continuous strip of

insulated foil T metre long. A length of

wire should be connected to one end
so that the strip may be connected to
the screen of the coaxial cable. The foil
is wrapped around the coil, in a similar
manner to the coax, except that the
ends of the foil must not touch.
Should the ends touch, a shorted turn
would be created which would prevent
the transducer from operating at all.
The coil should be completely covered
and will appear as shown in the
photograph.

CALIBRATION

Two different methods may be used
to calibrate the timing light. In
method A, the preferred method, you
will need an oscitloscope with a
triggered and calibrated time base, and
an accurate tacho. In method B you
will have to prevail on the local garage
to allow you to calibrate your unit
against their accurate (?) unit.

Method A.

1. Connect the unit to the engine
with the transducer over number 1
spark lead.
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2. Switch the timing light to “'tacho”’
mode.

3. Start the .engine and adjust the
sensitivity control to the minimum
setting that allows the meter to
move smoothly as engine revs are
increased.

4. With the CRO monitor between
the common line and the collector
of Q4, the voltage should swing
from zero to +9 volts and back to
zero each time the number one
plug fires.

5. Adjust RV2 such that the pulse
width at Q4 collector is 1.67
milliseconds.

6. Remove the CRO leads and set the
engine revs to 3000 with the aid of
the accurate tachometer.

7. Adjust RV4 such that the meter
reads 3000 RPM. This completes
the calibration.

Method B.

1. Connect both your timing unit and

the garage unit to the car.

2. Switch the unit to “timing”’ mode.

3. Start the engine and set the RPM
to 3000.

5. Now using your own unit adjust
the sensitivity control as in step 3
method A.

6. Adjust RV1 until the timing marks
coincide.

7. Adjust RV4 such that the same
reading is obtained on meter M1 as
on the garage unit.

8. Switch to tacho and adjust RV2 to
read 3000 RPM.

Note that the engine must be held at
constant  speed throughout this
process.

USING THE UNIT

The workshop manual for most cars
contains details of the timing changes
with respect to engine RPM and
vacuum, If an engine is to perform at
maximum efficiency these
characteristics need to be checked and
corrective measures taken if out of
tolerance,

To check mechanical advance:

1. Remove vacuum line to
distributor.

2. Fit transducer over
spark-plug lead.

3. Switch timing light to “TACHO”

4, Start endine and switch on timing
light.

5. Adjust sensitivity such that meter
indicates correct RPM over fuil
range without undue jitter.

6. Set the idle speed as specified in
manual.

7. Switch to TIMING and set ““timing
adjust”” potentiometer until the
flywheel mark corresponds with
TDC mark on the crankcase. {If
some other mark than TDC is

number 1

used, simply add the number of
degrees the mark is BTDC (before
top dead centre) onto the meter
reading). If this is less than 2°
advance (minimum obtainable
with delay) switch SW3 may be
used to remove all delay.

8. Switch back to tacho and increase
speed to next calibration point as
detailed in the manual.

9. Whilst holding engine revs steady
at this setting, switch back to
S“TIMING” and set “TIMING
ADJUST” until the marks again
coincide. The meter now indicates
the number of degrees of advance.
Note that engine revs must not
change otherwise the reading wili
be in error.

10. Repeat 8 and 9 for all
specified calibration points.

To check vacuum advance:

The only points on vacuum advance
that need checking are the maximum
advance with vacuum and that a
vacuum is held, ie no leaks in the
distributor.

1. With the motor idling check the
timing with  the vacuum line
disconnected.

2. Draw a vacuum in excess of the
normal vacuum (sucking the line by
mouth will be sufficiently effective)
and check the timing advance against
that specified in the manual.

3. Hold the vacuum in the line and
check that the timing does not shift
{due to leak in distributor vacuum
mechanism).

If a more accurate check is required
the above checks can be done in
conjunction with a vacuum gauge.

other

SPECIFICATION
Energy per flash 0.2 joule
Maximum flash rate  >60/sec
{6000 rpm)
Trigger method current trans-
former on No 1
spark lead.
Input voltage 10-14 voltsde
Timing meter range  0-509
Minimum delay < 49/1000 rpm
00 is switchable
Maximum delay >40°/1000 rpm
56° maximum
Tacho meter range 0-5000 rpm
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Fig. 1. Circuit dizgram of the Tacho Timing Light.
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This picture shows how the transducer is
wound with the inner core of screened cable.
Aluminium foil shielding is wound over the
completed coil as detailed in the text.

PARTS LIST
TIMING LIGHT
ET1 311
R14 Resistor 33 5w 5%
R4 " 120 sw "
R7 " 180 YawW '
R3 " 470 Yaw !
R12 " 470 2w
R13,15 ’ 1k Yaw '
R8 " 1.2k Yaw '
RS " 1.5k Yaw
R1,2,11 " 2.2k YaW 7
R10 " 8.2k YawW 7'
R17 " 8.2k 5w
R6,9 i 15k Yaw
R16 " 1M Yaw ”
R18 . 2.2M Yaw
RV1 Potentiometer 100k log
rotary
RV2,4 " 10k trim type
VTU or similar
RV3 . 20k lin
. rotary
c2,3 Capacitor 820pF
ceramic
c10 " 0.001MF
400v
polyester
C11 " 0.022UF
400V
polyester
cs8,9 ” 0.010F
polyester
Cl1 " 0.082UF
polyester
ci2 v 3.3UF 500V
electrolytic
c6,7 ' 4.7UF 350V
electroiytic
C5 ' 25UF 25V
electrolytic
ca " 220UF 10V
electrolytic
Q1 Transistor 2N2647
Q2,3 " BC108
Qa4 " BC178
Q5,6 . "2N3055
SCR1 SCR 2N6240
Clo6D1
01,2 Diode IN914 or
eauivalent
D3 " 3A, 25V.
D4,5 " 1N4001
D6, 7 T 1N4004
ZD1 Zener diode BZX79C9Vv1
9.1V
400mwW)
T1 Transformer see text
T2 Pulse Transformer "

T3 Pickup coil
LP1 Flash tube

PC board ETi-311

M1 meter 0.50UA FSD

SW1 Switch 2 pole 2 position.
position.

SW2,3 switch single pole on-off.

(There were already incorporated in

the torch housing used in our

prototype)

refiector, heatsink, housing for

electronics.
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HOW IT WORKS ETI 311

The tlash tube used requires a
supply of 300 to 400 volts. This is
obtained by stepping up the vehicle
12 volts supply by means of an
inverter.

Transformer TI1, together with
transistors Q5 and Q6 form a self
oscillatory inverter. The frequency of
operation, about 2 kHz on a 12 volt
supply, is primarily determined by
the core materials, the number of
primary turns and the supply voltage,
Protection against reversed-polarity
supply leads is provided by diode D3.

The output from the sccondary of
transformer T1 is voltage doubled by
D6, D7, C6 and C7 to provide about
400 volts de which is fed to the flash
tube via R17. Capacitor C12, in
parallel with the flash tube, charges
to this voltage and thus stores the
energy needed for the flash,

Capacitor C11 is also charged up via
R16 and the eneérgy stored in this
capacitor is used to trigger the flash
as follows. When the SCR is triggered
by a pulse on its gate it conducts and
rapidly dischurges CIl through the
primary of pulse transformer T2. The
pulse of current through the primary
of T2 induces & 4000 volt pulse in
the secondary winding which fires
the flash tube.

When CIit is fully discharged the
current through R16 is not sufficient
to hold the SCR on and it turns off.
Thus the flash is fired at a time
determined by timing of the trigger
pulse to the SCR.

The pulse from number one
spark-plug lead is picked up by
transducer T3 and used to trigger a
monostable consisting of Q1, 2 and
3. Each time a spark-plug pulse
occurs Q3 turns on and Q2 tumns off,
and remains off for a predetermined
time before resetting. Whilst Q2 is off
C1 charges via RV1/R2 (or RV2/R1)
and when the voltage across it
reaches about 6 volts the unijunction
transistor Q1 fires, discharging C1,
producing a pulse which resets the
monostable. By varying the setting of
RV1 the time duration of the
monastable pulse can be altered.

= s I L 8Ly
. LLD
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Fig. 2. Campont overlay for the Tacho Timing Light (this drawing has been placed sideways on
the page to simplify checking against main circuit drawing).

Transistor Q4 simply inverts the
output pulse train from Q3 and
drives the meter M1. When Q3 is on
Q4 is on and its collector is at +9
volts, and when Q3 is off Q4 is off
and its collector at zero volts. Thus
capacitor C4 will charge to a voltage
which is proportional to the average
of the on/off ratio, and this voltage is
read by the meter. Zener diode ZD1
stabilizes the supply to Q4 at 9.1
volts.

The output of Q3 (Q4 in the no
delay mode) is used to trigger the
SCR. Since the SCR requires a
positive pulse to trigger it, it will fire
when Q3 turns off, that is, at the end
of the delay period produced by the
monostable. Since the output of Q4

is “inverted”, when this output is
selected the SCR fires the instant Q3
tumns on, that is without any delay.

In the timing mode the delay period
is adjustable by means of RV1 so
that the timing mark on the flywheel
is aligned with that on the block. The
meter M1 will then read the number
of degrees of spark advance. In the
tacho mode the inverter is
disconnected to disable the strobe
and a preset delay of 1.66 msec is
selected. The meter now reads RPM
with full scale of 5000 RPM.

The picture shows how the
transducer is wound with the inner
core of shielded cable. Aluminium
foil shielding is wound over the
completed coil as detailed in the text.

GETTING HOLD OF THE COMPONENTS

THE TRANSFORMER -

This is available for £2.37 iné!udir\g VAT and postage from RCS,
MCQ or Henry's, The RCS transformer wilt not fit the PCB
mentioned beiow. Winding details were given in our September

issue,

THE XENON FLASH TUBE AND TRIGGER TRANSFORMER
These can be bought from Music Craft, 367 Edgware Road,
The ZFT-8B tube is slightly different from the
one in our prototype, but the same mounting method will work.

London W2,

THE PICK-UP COIL

This is made from a ferrite ring with an inside diameter of 1",
Further details are given in the

The Mutiard FX1588 will do,
text.
THE PCB

PCB's are available for this project or the simpler version for

£1.25 pius 15p P & P, from MCQ. However these are suitable

only for the transformers from MCQ or Henry’s. °
RCS Products Ltd, 31 Qliver Road, London E.17.
Music Craft, 367 Edgware Road, London W.2

ETI TOP PROJECTS — 3

Fig. 3. Printed circuit board dimensions 74mm x 82mm
(full size). ' ' :
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COUNT-DISPLAY RESET CHAIN

This rev counter circuit was built as
an automotive tacho and has func-
tioned for several years.

The tacho consumes very little
power because of the use of CMOS
ICs and a liquid crystal display. At
night a dash lamp is necessary for
viewing, and the type of display | used
does not function in extreme heat,
nor did it work completely on frosty
mornings, so it may be preferred to
use a display with a wider
temperature specification.

| used a display. featuring a
single edge connector, and the pc
board was built the same size as this
display-plus-edge connector. A very
compact module of approximately 77
X 44 x 24 mm was constructed by
mounting the pc board behind the
display.

The circuit uses a conventional
555 .type tacho stage, driving two
decade counters. Each decade
counter drives a latch decoder driver
and then the display. A 60 Hz square
wave oscillator supplies the ac drive
to the LCD and to the drivers. As this

78—OCTOBER—1982—ET!I

is a four-digit display reading directly
in rpm, the two trailing digits are fixed
at zero. These ‘on’ segments of the
display are driven with an out-of-
phase signal, while the ‘off’ segments

are driven with the same signal as the

common terminal.

- The timebase provides the
necessary gating for couting by
generating the display latch followed
by the counter reset signal. The gate
times required for a four-stroke
engine are:

0.3 s for four cylinders

0.2 s for six cylinders

0.15 s for eight cylinders.

For a single cylinder two stroke
engine the gate time is 0.6 s.

If a dc supply is not available, try
connecting a 10k resistor from the
points to the 12 V input. | have not
tried this ‘self power’ modification,
however.

Continued on page 80

Blood is meant

to
circulate

Be a
RED CROSS

Blood Donor
‘ B-52



Tachometer

A unique two-range tach that
gives an analogue RPM
display on a bar of 21 LEDs.
The display flashes to indicate
an alarm condition when the
RPM exceed a preset limit.

THE ETI TACH/ALARM is an all solid-
state project. It displays engine
speed in analogue form (like a con-
ventional tach) as an illuminated sec-
tion of a line of 21 LEDs. The length of
the ililuminated section is propor-
tional to the engine speed, so that
half of the scale is iliuminated at half
of full-scale speed, and so on. In other
words, the display is in bar rather
than dot form.

The Tach/Alarm can be used with
virtually any type of multi-cylinder
gas engine. It has two speed ranges,
each of which can be calibrated by a
preset pot to give any full-scale speed
range required by the individual
owner. Our prototype is calibrated to
give full scale readings of 10,000 RPM

and 1,000 RPM on a four-cylinder,
four-stroke engine. The lower range is
of great value when adjusting the
engine’s ignition and carburetor for
recommended idle speeds. The upper
range has adequate resolution (500
RPM per step in our case).

A unique feature of our product
is the provision of a visual over-speed
alarm facility, which causes the LED
display to rapidly flash on and off
when the RPM exceed a preset level;
the tach continues to indicate the ac-
tual RPM under the alarm condition.
Tachs are normally placed directly in
front of the driver in sports/racing
cars, so this visual alarm system is a
highly effective ‘attention getter in
such vehicles.

The unit is designed for use only
on vehicles with 12V electrical
systems. It can be used with conven-
tional or capacitor-discharge (CD) ig-
nition systems and is wired into the
vehicle with three connecting leads.
It can be used on vehicles with either
negative or positive ground electrical
systems.

Construction

The complete unit, including the 21
LED display, is mounted on a single
PCB. Take care over the construction,
paying special attention to the follow-
ing points:

(1) Our prototype uses a display com-
prising a linear row of 21 square
LEDs, mounted horizontally on the
PCB. You may prefer to use a semicir-
cular display of LEDs, in which case
you can mount the display on a
separate board of your own design,
with suitable connections to our
board. In either case confirm the
polarity and functioning of each of
the 21 LEDs, by connecting in series
with a 1KO resistor and testing across
a 12V supply, before wiring into place
on the PCB. Note that the LED col-
ours can be mixed, if required.

If you use the same display form
as our prototype, bend and adjust the
LED leads so that each LED slightly
overhangs the edge of the PCB when
soldered into place.

(2) Seven link connections are made
on the PCB. Also note that the exter-
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nal connections to the unit (OV, + ve ™ I f
and points) are made via solder ter- P - RPM XN I4STROKE
minals (Veropins). o
(3) Range-changing is achieved via a o0 ‘rms:" TR temes g
three-pole two-way switch. On our - e.aw,mm:ggg':;g:“'mmgg:.‘mgxi
prototype we've used a slide switch ’ 4
for this purpose. o0 / l
{4) Note that the values of C2 and C3 , / H
must be chosen to suit the engine . A
type and full-scale RPM ranges re- . |
quired (see the conversion graph). s @ 522 l g
Our prototype, calibrated to read B v 5 §
10,000 RPM and 1,000 RPM on a four- E SAS 3
cylinder four-stroke engine, uses C2 g o *g“mwx 4 S
and C3 values of 22nF and 220nF Y. eo*”:w“’“ ﬁe/ | §
respectively. > o P s 1

When the construction is com- m Lo | &
plete, connect the unit to a 12V supp- Pl !
ly and check that only LED1 il- 4 7 T T
luminates. If all LEDs illuminate, - /| SIS p
suspect a fault in the wiring of IC1. L/ v g

Fig. 2 Conversion graph // '

Calibration to determine the . "
The unit can be calibrated against values of C2 and C3. o 1 2z 3 4 s s 1 & s
either a precision tachometer or AP X 1000
against an accurate (2% better) audio
generator that gives a square wave .
output of at least 3V peak-to-peak. question and feed this frequency into just PR2 for a full-scale reading on
The method of calibration against an the tach input. Switch SW1 toits high the tach. Note that the alarm facility
audio generator is as follows. range (10,000 RPM on our prototype) is inoperative on this range.

Connect the tach to a 12V supply and adjust PR1 for full-scale reading.
and connect the square wave output Now set the generator to the alarm Installation
of the audio generator between the frequency and adjust PR3 so that the The completed unit can either be
OV and points terminals of the unit. display flashes. Recheck both ad- mounted in a special cut-out in the
Check against the conversion graph justments. vehicle’s instrument panel or
to find the frequency needed to give Now switch SW1 to its low range (preferably) can be assembled in a
the required high range full-scale (1,000 RPM on our prototype), set the home-made housing and clipped on
RPM reading on the type of engine in required full-scale frequency and ad- top of the instrument panel. In either

LED 12
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LED 1 } 21 _éw
+ 12V f ‘\L\Q\i\ §
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Fig. 3 Component overlay. :
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- HOw It Works

The ignition signal appearing on a.vehi-
cle's points has a basic frequency that
is directly proportional to the RPM of
the engine. Our tach works by picking
up the signal, extracting its basic fre-
quency, converting the frequency to a
linearly-related DC voltage and then
displaying this voltage {(and thus the
RPM) on a line of 21 LEDs. The basic
tach can thus be broken down, for
descriptive purposes, into an input
signal conditioner section, a
frequency-to-voltage converter section
and a LED voltmeter display section.

The input signai conditioner sec-
tion comprises R1-R2-R3-ZD1-Ci. The
points signal of a conventional ignition
system consisis of a basic RPM-
related rectanguiar waveform that
switches aiternately between zero and
12V, onto which various ringing
wavefcrms with typical peak
amplitudes of 250V and frequencies up
to 10 kHz are superimposed. The pur-
pose of the input signal conditioner is
to cleanly filter out the basic rec-
tangular waveform and pass it on to
the F-to-V converter. It does this first
by limiting the peak amplitude of the
signal to 12V via R1 and ZD1 and then
filtering out any remaining high fre-
quency components via R2-R3-C1. The
resulting clean signal is passed on to
the input (pin 1) of IC1.

IC1 is a frequency-to-voltage con-
verter chip with a built-in supply
voltage regulator. The operating range
of the IC is determined by the value of
a capacitor connected to pin2 and by a
timing resistor and smoothing

capacitor connected to pins 3-4. In our
application, two switch-selected
presettable ranges are provided. The
DC output of the 1C is made available
across R13 and is passed on to the
high-impedance input terminals of the
{C2-1C3 LED voltmeter circuit via series
resistor R14. R14 is essential to the
operation of the alarm section of the
tach.

1C2 and IC3 are LED display
drivers. Each [C can drive a chain of 10
LEDs, the number of LEDs illuminated
being proportional to the magnitude of
the IC’'s input signal. Put simply, the
ICs act as LED voltmeters.

In our application, the two LM3914
ICs are cascaded in such a way that
they perform as a single 20-LED
voltmeter with a full-scale range of
2V4. This full-scale value is determined
by precision voltage references buiit
into the ICs. The full-scale reference
voltage (2V4) is generated across R16
and PR3. The configuration of our
voltmeter is such that it gives a bar
dispiay, in which LEDs 1 to 11 are il-
luminated at half-scale or LEDs 1 to 21
are illuminated at full-scaie. R7 to R12
are wired in series with the display
LEDs to reduce the power dissipation
of the two ICs. LED 1 is permanentiy il-
luminated so that the RPM display
does not blank out completely when
the engine is stationary with the igni-
tion turned on.

The alarm section of the tach is
fairly simple. 1C4 is wired as a voltage
comparator with a stable reference
voltage fed to its non-inverting (pin 3)

input from PR3 and with an RPM-
related voltage fed to its inverting {pin
2) input from R13 via SW1c. The output
of 1C4 is used to enable or disable
astable multivibrator 1C5 and the out-
put of IC5 is used to enable or disable
the inputs to the 1C2-1C3 voltmeter via
Q1 and R14.

At low engine speeds (below the
alarm level) the input of IC4 is driven
high, thereby disabling the IC5 astabie
by preventing C8 from discharging.
Under this condition the output of I1C5
is driven low, cutting off Q1 and enabl-
ing the tach circuit to operate in the
normal way.

At high engine speeds (at or above
the alarm level) the output of 1C4 is
driven iow, thereby enabling the IC5
astable to operate at a rate of roughly 2
Hz and alternately drive Q1 on and off.
in the moments that Q1 is cut off, the
tach operates in the normal way, butin
the moments that Q1 is driven on its
collector pulls the pin 5 input terminals
of IC2 and IC3 to near-zero volts and
thereby effectively blanks the LED
displays. The LEDs flash rapidly under
the alarm condition, but continue to in-
dicate RPM values.

The alarm point can be set in any
position on the tach scale by PR3.
SWi1c is used to disable the alarm sec-
tion when the tach is set to its low
(1,000 RPM in our prototype) range.
Note that the power supply to the
alarm is decoupled from the main sup-
ply by D3 and C8.

Continued on page 119
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Continued from page 117

case try to fit some kind of light
shield to the face of the unit, so that
the LEDs are shielded from direct
sunlight.

To wire the unit into place, con-
nect the supply leads to the tach via
the vehicle’s ignition switch and con-
nect the unit’s points terminal to the
points terminal on the vehicle's
distributor. .

The lower range of the tach is of
great value when adjusting the
engine for correct idle. It is thus ad-
vantageous to arrange the tach hous-
ing so that it can be easily dis-
mounted from the instrument panel.

-~ pParts List

Resistors all 4 W, 5% C3,8 220n polycarbonate
R1,2,5 10k C4 1u0 35V tantalum
R3,13 22k Cc5 4u7 35V tantalum
R4 470R C6,7 47u 16V tantalum
R6,15 1k2 c9 100u 25V electrolytic
R7,9,10,12  330R
R8,11 270R
R14 27k Semiconductors
R16,20 2k2 IC1 LM2917N
R17 270k 1C2,3 LM3914
R18,19 12k 1C4 CA3140
R21 1M0 IC5 |CM7555
R22 6k8 Q1 2N3904
R23 4K7 ZD1 400mW 12V

D1,2 1N4148
Potentlometers D3 1N4001
PR1,2 100k miniature horizon- LED1-21 Red, square type.

tal preset
PR3 47k minature horizontal
preset Miscellaneous

SWi1 3-pole double throw
Capacltors ) switch
C1,2 22n polycarbonate PCB, case.
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I would like to notify builders of
the “Digital Tachometer” and
“Digital Speedometer” (Radio-
Electronics, June and July 1987) of a
fix for a possible problem that they
may have encountered.

After several units were built
using IC’s from different manufac-
turers, a problem developed that
caused the digital readout to occa-
sionally jump to a reading of “000”
during normal operation. That
timing problem can be corrected
by soldering a .001-pF capacitor
across pins 8 and 10 of IC7 on the
tachometer; across pins 11 and 13
of IC5 on the speedometer.

The cause of the problem is that
the MC14553 needs a minimum
amount of time between the latch
and reset pulses. If the CD4001
NOR gate used to build the projects
is too fast—has too little propaga-
tion delay—the reset pulse will ar-
rive before the internal latches
have stabilized and locked in the
current reading.

My apologies go out to anyone
who has been struggling with that
problem.

ROSS ORTMAN
Dakota Digital
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TIL RECENTLY, THE DIGITAL
rd has been seen only in movies
and custom show Automobile man-
ufacturers now incorporate digital dis-
plays in selected models, but only as an
extra-cost option. But that leaves the rest
of us in the dark—literally! So here’s an
inexpensive, easy-to-build tachometer
that displays engine speed in both analog
and digital form. The circuit is versatile
cnuugh to be adapted for use as a speed-
ometer; we'll show how 1o do s0 in a
future issue.
Why did we provide both analog and

L digital displays? Mainly because a digital
" readout can be harder to read and interpret

under rapidly changing engine speeds
than an analog dial. After the circuit is

cahbrated, you can get a good idea of

engine speed just by glancing at the
vauge. After calibration, the dn_ual read-

oul\ulldlspla\' accurately from 010 9990 §

RPM in increments 10 RPM.

Theory of operation

The tachometer works by counting
pulses from the distributor points for a
; pc i uf lime and then sc 1ng and dis-

ys displays

so that RPM’s c1n be lCdd from the
dl\pldy directly.

Bre ker—poml frequency is determined
by this formula:

f=RPM x (Number of cylinders / 120)

For example, with a speed of 600 RPM on
an eight cylinder engine, breaker-point
i 20) = 40 Hz. At

pid
on the tachometer. Wllh an input frt:quen—
cy of 40 Hz, the lay must read 600.
8 Because the lez ificant digit is zero
and the counter section controls only the
three active digits, we need to end up with
a value of 60 in our counter. With a time-
vase of 0.5 second (2 Hz), 60 pulses must
be read within 0.5 second. Dividi
us 8.33 ms: the recip
Hz—the value we must f;

| counter section to obtain the correct read-

So we must multiply the 40-Hz in-
y coming frequency by 3. The circuit that
| does that will be described later.
Following the same procedure, we find
that, to obtain accurate readings for a 4-,
6-, or 8-cylinder engine, the input fre-

quency must be multiplied by a value of 6, §

4, or 3, respectively.

DIGITAL
TACHOMETER

200
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RADIO-ELECTRONICS
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INPUT
CONDITIONING

FREQUENCY
TO VOLTAGE
CONVERTER

BAR/GRAPH
DISPLAY
DRIVER

BAR/GRAPH
DISPLAY

CYLINDER

SELECT SWITCH |

FIG. —BLOCK DIAGRAM OF THE TACHOMETER: The PLL scales the breaker-points signal for

display directly in RPM.

Circuit overview

A block diagram of the circuit is shown
in Fig. . After conditioning the noisy
input signat. a PLL (Phase-Locked Loop)
is used to multiply the incoming frequen-
¢y by the value set by the cylinder-select
switch (S1). The output of the PLL drives
both the analog and digital sections that
tollow.

The BCD counter is the heart of the
digital circuit: it counts the multiplied in-
put signal. After a predetermined sam-
pling interval. a latch pulse latches the
number present in the counter at that in-
stant. Immediately following the latch
pulse. a clear pulse resets the counter so
that counting may start from zero for the
next sampling period. The readout is up-
dated every 0.5 sccond. Figure 2 shows
the circuit’s timing diagram,

The latch and clear pulses that control
the counter are derived from a crystal-
controlled oscillator. The oscillator uses a
3.58-MHz TV color-burst crystal to gen-
crate a 0.5-sccond gate time that is stable
over a wide range of temperatures.

To produce the analog display. the out-
put of the PLL section is converted to «
voltage by a frequency-to-voltage con-
verter. That relative voltage is then dis-
played on a row of twenty LED'S that are
driven by a pair of bar/graph display-driv-

we [ [

(:ONDITIONED
INPUT

CONTROLLED
TIME BASE

MAIN BOARD

DISPLAY

CRYSTAL- BCD

COUNTER

7-SEGMENT
DISPLAY
DRIVER

FOUR-DIGIT
7-SEGMENT
DISPLAY

Circuit description

The input-conditioning circuit, PLL,
and timebase are shown in Fig. 3. Pulses
from the points (or tachometer hookup on
an electronic ignition system). are fed
through a coaxial cable to the input cir-
cuit. Waveshaping is accomplished by
rectifying the pulses, filtering out spikes.
and squaring the signal up by using a
comparator with hysteresis. The input cir-
cuit limits the amplitude of the 200-300-
volt pulses from the points to about nine
volts in order to avoid damaging the PLL.
Negative pulses are clipped by DI. and
positive pulses are filtered by Cl and C2.

Pulses are next squared by ICl, an
LLM741 op-amp that functions as a com-
parator. The comparator uses positive
feedback via resistor RO to produce hys-
teresis. which helps square up the signal.

The PLL section is made up of ICS (a
4046). its associated circuitry. and 1C6, a
4018 presettable divide-by-n counter. The
setting of IC6 is what determines the
PLL's multiplication factor. I 1CG6 is set to
divide by 3. the output frequency of the
PLL section will be locked at 3 times the
input frequency. Switch S1 determines the
number by which 1C6 will divide the
PLL's output frequency.

The clock is built around an MM3369
17-stage programmable oscillator/divider
(1C2): it uses a 3.58 MHz crystal to pro-

[T T T

COUNTER
weut [T UL LU e

LATCH
PULSE [ U‘
CLEAR 1 1
PULSE

FIG. 2—THE SIGNAL FROM THE POINTS is multiplied by the PLL and counted until a latch pulse is

received. The counter is then reset.
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duce an output of 60 Hz. The 60-Hz out-
put is then divided down to 2 Hz by IC3.
The 50-millisecond latch pulse is pro-
duced by 1C7-a; a delayed version of that
pulse is generated by C11, CI2, R14, R15,
IC7-b, and IC7-c. The delayed pulse
functions as the clear signal that was de-
scribed earlier.

Now let’s examine the digital display
section (shown in Fig. 4). Counting,
latching, and display multiplexing is done
by 1C9. an MCI14553 three-digit BCD
counter. The common-cathode LED seg-
ments are driven by IC8 (a 74C48); the
LED’s common cathodes are driven by
the three PNP transistors (Q1-Q3).

The analog display (shown in Fig. 5) is
based on a frequency-to-voltage converter
IC12, an LM2917. It produces a voltage
that 1s proportional to the frequency of the
signal fed to its pin-1 input. That voltage is
fed to the two bar/graph display drivers,
IC10 and ICII, through potentiometer
R34, which allows the display to be cali-
brated. The display drivers are cascaded
to drive the 20 discrete LED's. Cascading
is accomplished by referencing ICII’s in-
ternal comparator reference voltage to the
final reterence voltage of 1C10. Resistor
R29 limits the amount of current the driv-
ers must dissipate.

Construction

The tachometer is built on two PC
boards. a display board, and a main
board. The display board (Fig. 6) contains
four seven-segment LED displays. twenty
discrete LED’s, and several current-limit-
ing resistors. The main board (Fig. 7)
contains the remainder of the circuitry.
The PC boards can be made using the foil
patterns shown in PC Service, or a set of
boards with plated-through holes can be
bought from the supplier mentioned in the
Parts List. It you etch your own boards, be
sure to solder both sides of the board
wherever necessary. If possible. use ma-
chined-type IC sockets that don’t have
plastic bodies. as they can be soldered on
both sides of the bourd easily.




PARTS LIST

All resistors are Va-watt, 5% unless
otherwise noted.

R1—4700 ohms

R2, R3, R5, R12, R14, R15, R30, R33—
10,000 ohms

R4, R7, R8, R10—100,000 ohms

R6—470,000 ohms

R9—22 megohms

R11—2.2 megohms

R13—1 megohm

R16, R17, R18, R27—1000 ohms

R19-R25—220 ohms

R26, R31—470 ohms

R28, R36—22,000 ohms

R29—50 ohms, 5 watts, wire-wound

R32—33,000 ohms

R34-—10,000 ohms vertical trimmer pot

R35—2200 ohms

Capacitors

C1—0.22 uF disc

C2—0.022 uF disc

C3—0.01 pF disc

C4—10 pF, 16 volts, electrolytic

C5—33 pF disc

C6—22 pF disc

C7, C8, C15—1 uF, 16 volts electroiytic

C9—0.1 uF disc

C10—0.05 pF disc

C11, C12, C13—0.uF 001 disc

C14—0.022 puF mylar

Semiconductors

IC1—LM741 op-amp

1IC2—MM5369 17-stage ‘oscillator/divider

IC3—CD4518 dual synchronous
up counter

1C4—CD4081 quad AND gate

IC5—CD4046 micropower
phase-locked loop

1C6—CD4018 presettable divide-by-n
counter

IC7—CD4001 quad NOR gate

IC8—74C48 BCD to 7-segment decoder/
driver

IC9—MC14553 three-digit BCD counter

IC10, IC11—LM3914 bar/graph display
driver

IC12—LM2917N frequency-to-voitage
converter

D1-D3-—1N4004 rectifier

D4—1N4739A, 9.1 volts, 1 watt Zener

D5—1N4148 switching diode

D6—1N4001 rectitier

Q1-Q4—2N3906 PNP transistor

LED1-LED10—0.125" green diffused
LED

LED11-LED16—0.125" yellow diffused
LED

LED17-LED20—0.125" red diffused LED

DISP1-DISP4—7-segment common-
cathode display (Panasonic LN516RK,
Digi-Key P351. P352, P353, & P354
may also be used.)

Other components

S1—DP3T siide switch (CW Industries
GPH54-3013, Digi-Key SW115-ND)

XTAL1—3.58 MHz color-burst crystat

F1—1 amp slo-blow automotive fuse

P1, P2—0.1" 2-pin Molex connector

Note: The following are available from

Dakota Digital, R. R. 1 Box 83, Can-

istota, SD 57012: Single-sided display

board, $6.95; double-sided (with

plated-through holes) main board,

$12.95. All orders add $1.50 for ship-

ping and handling. South Dakota resi-

dents and 4% sales tax.
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FIG. 3—THE TIMEBASE, INPUT CONDITIONING, and PLL circuits are shown here. Op-amp ICt
tunctions as a comparator that squares up the input signal for processing by the PLL.

When stuffing the display board. begin
with the eight resistors and the three jum-
pers: then install the four seven-segment
displays. Next. insert the twenty LEDs
into their respective holes. Pay close at-
tention to the polarity of the LED'. The
cathode (or flat side) goes toward the row
of holes at the lower edge of the board.
After the LEDs have been set in place,
carefully turn the board over and lay it
down on a flat sturdy surface. Now posi-
tion the LED’s and the displays so they are
the same height above the board. If
they're not. the LED’s must be inserted
into their mounting holes f{urther. After
the 1.LIIDs and displays are at the same
approximate height. solder onc lead of
each LED to the board. Then turn the

board over and align the LED's so they
stand up straight and follow a smooth
curve. Now. finish soldering the LED's
and set the display board aside.

The next step is to stuff the main board.
Begin with the smaller parts: resistors and
diodes. Next install the IC’s. Because
they're mainly CMOS IC’s, the use of
sockets is recommended. but not essen-
tial. It you don’t usc sockets, insert the
IC’s carefully, and solder only a few legs
at a time to keep heat to a minimum. If
sockets are used. install them now and
insert the ICs later. Doing so will lessen
any chances of static damage. Remember,
if you don’t use boards with plated-
through holes. you'll have to solder most
components on both sides ol the board.
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FIG. 4—THE TACHOMETER'S DIGITAL DISPLAY is a conventional decoder/driver circuit.
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FIG. 5—THE TACHOMETER'S ANALOG DISPLAY is built around a frequency-to-voltage converter
(IC12) that drives two bar:graph drivers (IC10 and IC11).

[nstall the remaining components (cu-
pacitors. connectors. and rransistors),
The base or center leg of each 2N39006 iy
bent toward the flat side of the puckage:
the transistor should rest about Ya inch off
the board. Install the remaining parts on
the board and double-check both boards
lor ervors,

Mechanically, the boards are mounted
back to back. separated by Vi-inch stand-
offs. Note that cach PC board has a row of
35 holes along the lower edge. The boards
were designed so that corresponding
holes in cach should be connected elec-
trically using short pieces of bare wire.
Trimmed resistor legs work admirably. If
troubleshooting should prove necesssary.
you can separate the boards by bending
those wires carefully.

Betore soldering the wires. connect the
boards together using stand-offs and #6
hardware. Assemble the boards with the
foil side ol each facing that of the other.
Then lay the assembly down and insert a
bare wire through each hole in the top
board and into the corresponding hole in
the bottom board. Insert and solder sever-
al wires at a time: continue until all wires
have been inserted and soldered.

Testing

After the two boards are stufted and
connected together, apply 12 volts to P2
using & power supply or battery. The three
right-hand digits should display zero's.
and the left hand digit should show
nothing. Also. no LED’s should be it
Now. using an audio-frequency function
generator, apply a 9-volt peak-to-peak 40-
Hz squarewave (o the junction of D4 (the
9. 1-volt Zener diode) and R2.1f your gen-
crator cannot supply a squarewave with a
DC oftset. you may have to feed the test
point through a 1K resistor and use a high-
er-amplitude signal.

Set the eylinder-select switch to 8. The
readout should now display something
close to 600. Change the cylinder-select
switch to 61 the display should read 800.
Last, set the switch to 4: the display
should read 1200.

Now wc 'l calibrate the analog display.
Set the cylinder-select switch to the set-
ting you plan to usc. Next, set the gener-
ator to the frequency that will produce the
“redline” RPM reading lor your engine
(i. e.. the speed above which the manutac-
turer recommends you not run the en-
gine.) For an eight-cylinder engine. that
speed is typically 5000 RPM. When the
redline reading is obtained on the digital
rcadout, adjust R34 so the first red LED
lights up. The tachometer is now cali-
brated and ready for installation.

Installation

First decide where the tachometer will
be installed. You'll have to find a spot that
provides a good view, that doesn’t inter-
fere with pre-existing components, and



TO DISPLAY BOARD

! RI0
% RI1
1
o | d
R33
s 2 :
7
P04
af 3
ofee-C2

C1 C

TAL

RLX,

C6

: *R7 ALSO CONNECTS TO THESE PADS
FIG. 6—STUFF THE TACHOMETER'S MAIN BOARD as shown here. Use clipped resistor leads to make

the connections to the display board.
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FIG.7—STUFF THE DISPLAY BOARD as shown here. The flat side of each LED should point toward the
bottom of the board. The two boards are sandwiched together, and corresponding pads on the boards

are connected with short pieces of stiff wire.

one that you can get to without being a
Chinese contortionist!

When a suitable mounting site has been
chosen. run a wire from your ignition sys-
tem to the PC-board assembly. Three pos-
sible wiring schemes for different types of
ignition systems are shown in Fig. 8-«,
Fig. 8-b. and Fig. 8-c. Whatever type of
ignition system you have, run a piece of
coaxial cable from the distributor points
or tachometer hookup to the mounting
location. An easy and reliable way to
make the connection is to attach the center
conductor of the coax to the terminal la-
beled DIsT or - on the ignition coil. Many
electronic ignition systems also use a con-
ventional coil, and the connection is made
in the same manner as to a distributor/
points system. Some electronic ignition
systems do not use a conventional coil, so
the connection must be made by fastening
the center conductor of the coax to the
terminal marked racH.

After putting a connector on the op-
posite end of the signal coax, connect the
power wires. Connect the black wire to
chassis ground and the red one to a source

that is on only when the ignition key is in
the ON position.

Now you're ready to install the ta-
chometer. A case can be built from just
about any type of material. but an attrac-
tive. durable front panel is important. The
use of bronze-colored Plexiglass for the
front panel will not only protect the dis-
plays, but also make them more visible.
Don’t use red filter plastic because it will
wash out the green and yellow LED's of
the bar/graph display. To enhance ap-
pearance further, the front panel can be
masked on the inside to allow only the
LED’s and displays to show, thus hiding
the rest of the display board. Masking can
be done by taping over the area through
which the displays will show, and painting
the uncovered area black. You may also
want to label the front panel using using
white dry-transfer lettering.

After building your enclosure, mount
the PC-board assembly in it, and then
install the enclosure in your vehicle. Be
sure to install it and the connecting wires
so they will not present a safety hazard.
Now plug in the power and signal con-
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FIG. 8—TO INTERFACE THE TACHOMETER, fol-
low one of these circuits. A conventional (Ket-
tering) ignition system is shown in (a), a
capacitor-discharge system in (b), and a Gener-
al Motors hook-up in (c).

nectors. The installed digital tachometer
is now ready to display your engine’s
speed with both digital accuracy and ana-
log readibility.

Conclusions

The circuit can be used in a car, truck.
boat, or wherever an accurate and reliable
tachometer is needed. If you're interested
in adding other digital display equipment
lo your car, see the July, August. and
September 1983 issues of Radio-Elec-
tronics. Those issues contain circuits for
displaying voltage. water temperature.
and oil pressure in digital form. In addi-
tion, the circuit shown here can also be
adapted for use as a speedometer—we’|l
show you how to do it next time. R-E
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| recently built the Dlgltal Ta-
chometer that appeared in the
June 1987 issue of Radio-Elec-
tronics, and it works very well. It is
the only digital tachometer circuit
I've ever seen that offers accurate



tachometer readings without cal-
ibration. That is accomplished by
the use of a built-in 60-Hz crystal-
controlled time base. The author is
to be congratulated on that fine
project.

It worked perfectly on several
standard and Capacitive-Dis-
charge (C-D) ignition systems.
However, the tachometer will not
work on some C-D systems that
use input-triggering circuits that
generate extremely low pulse lev-
els across the ignition points. On
one such system, which incorpo-
rates an unusual triggering net-
work designed primarily to elimi-
nate point “bounce” or “flutter” at
high engine speed, the pulse ob-
tained across the ignition points
was far too small for tachometer
pickup.

To eliminate that problem, 1
used a miniature broadband am-
plifier between the ignition points
and the tachometer input. | chose
the broadband amplifier de-
scribed by Earl “Doc” Savage in
“Hobby Corner” in the April 1980
issue of Radio-Electronics. It is
small enough to fit easily within
the tachometer enclosure. | added
a switch to allow the amplifier to
be switched in or out of the circuit.

| hope that my solution may
prove useful to other readers ex-
periencing similar difficulties.
Many thanks for a fine magazine.
PAUL SCHULTZ
Carmichael, CA





