JTACH”

WHEREIVFR there is.a wheel spinning
or,2 motor ghaft turning, the chances
are that, gooner or later; somebody is ga-
ing to agk how fast it.is revolving. To

find out, hie'll have to use a tachometer .

of gome sort. Most eommercia] and indus-.
trial tachometers are desxgned for a spe-

cifie purpase and are either permanently.

‘installed or fairly expensive, or both.

In the home workehop, the experimen- -
ter needs 4 low-cost, portable tachome- . -

rer that ean be umed with any motor or:

engine when he is tuning up or: testing. -
There are’very few tachometers; of thxs .

tvpe.
Here's one, however, that will measure
-ife.gpeed. of practieally anything that

rotates in'the lab or workshop, Tt ealled -
and is" battery-operated, .

the “Cp-Tach™
wholly aeif—cantamed and handheld. A
beam of light serses the speed of the ro-
rating abject In many caged, using the
{p-Tach i8 siraply & matter of pointing
the instrument at the rotating object and
_reading the apeed in revelutions per min-
Gtte chroctly from the meter

S&nstmctmn The. schematle dlagram

for the Op-Tach i§ shown in Fig. 1. As

with any: project using integmted eir-

suitg, you will be ahead of the game if -

you uge g print it board, You can

make your owil,

Fxg Zasa guide, -

or you can buy one (see Parts List of
F:g 1}, In assembling . components on
the eircuit: board (Fig. 8) be sure that,
buth the bosrd and your soldering iron

are ag elean 43 pomsible and. keep them
that “way. In insertmg the integrated

cireuits, riotice that the ustches on the

IC's correspond to the semiciroular locat:

ing marks on the PC board. When all B0l

dering 'is complete, a edat of spray
-acryle or ‘clear nail polish will keap

the copper ciredit 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 S«dram pill con-
tainer which hag been painted fat black
oh the inside.’A pair of holes i drilled
for the photocell leads. The pill contain-
er is then mounted in an appropriate
gige hole in one end of the 84" X F4”

® . 2” plastic utility box which houses the

ingtrument. To congerve space, mount it
so. that -approximsately -half of the pill
bottle protrifdes from tlie case. Save.the

cap from the container and use it as you

would the lens eap on a.camera—to pre-

vent dust from settling on the photocell. -

The two dusl-battery hel&ers .are

mounted on oppogite sides of the case so .
that, when the cover.is in'place, the me-

te¥ ig between thew. The PC board should
‘be mounted with 6-32 screws and raised

“from the bottom of the case with short

spacers; The meté- -witch 82 aud con-

trols (_R.@'_ahd;ﬁ'su 81 a.tta_ched) are
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Fig. I The meter irrdncates the average
cireent flowing thiough QL as 2 result
of ‘the pumber of fight - pulses striking
‘PCY. Capacitor G5 permits the system to
abacate’ only on [ight puises and not be -
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POPULAR ELECTRONICS

.. depregied. Retease g and set se

mounted on the alumimum faeeplau o

the utility box as shown in Fig. 4. In
the author’s prototype this faceplate was
covered with a mahogany-grain, con-
tact-adhesive paper and labels were ap-
plied using dry transfers. Al wires '
from the PC board to. the gontrols . and
meter were run through a piece of large
tubmg, but they could be laced together
in a neat bundle. Be sure t0 make. these
leads long enough to permit remcvab of
the front cover. Notiee that capacitor:Ch
is mounted directly on the meter ter-
minal lugs and not on the prmted cu-eu:t
board.

The suggeated meter has ‘scale mark- -
ings from © to 500. Carefully remove the
clear plastic front of the meter and pss
& pencil eraser to remove the “D.C. MI-
CROAMPERES"” inarking. You can thex
use cither pen dand ink or dry fransfers’
to relabel the meter “RPM X 104", If at
-all possible, remove the scale before do-
ing any lettering on it and, it any case,
be very careful not to bénd the meler
needle.or da.mage the movemﬂnt :

Cafibration. The best way lo calibrate
the I)p-'l‘ach is by comparing it to a
tachometer of - kmown aceuracy, but if
suéh an instrument is not dvailabie, you
can use ‘one of ‘the. following methogs:
" Signal-Generator Method. Figure 5
shows a calibration setup uBing an andio
signal generator, & the generator Tor
an output of 50 H 15 volts peak-to-
peak, Turh on the Op-Tach and set RS
80 that the meter reads 500 ‘with §2

ity “control K2 at its-least wensi)
point {countercloe’ ‘se). You may get
a reading with the sitivity control at
this position but if you don't, advance B2
slowly until the meter shows a steady
reading. Adjust the range potentiome-
ter, R, to give a reading of 3000 RP\&
{the equivalent of 50 Hz). While you.. .
have the equipment set up, you may.

-want to: cheek the tzchometer at sev-

eral other frequencies. Remember ‘that
indicated RPM s frequeney times 50.

The electronic portion of the Op-Tach
is inherently linear sabove about 500
RPM so any nonlinearity vou may.
find is in the metér movement. Since

- most inexpensive meters have a nomi-

-nal acewracy of 5%, you ean expect oo
Errér of less than 250 r/min on the DOO(
RPM range (usually much less).
Power-Line Method. If you don't have
a sighal generator, the best thing o' de
is to use a filament transformer and &
voitage. divider set up as showi in E‘ég,

. AUDIO | Loy p-P
S1ONAI R *
‘GENL - . Hz

-

Fig. 5. To calibrats, ise” &n audio ‘signal genérator
delivering 1.5 volts peak-to-peak st 50 Hz as the in-
put and adjust R7 (through its hole) for 3060 RPM.
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L he p?‘ocedure is the game as that
bove except-that you adjust R? for a
reter reading of 3600. {Unless you hap-
en to have a power line with a B0-Hz

requency; in which case, the read- '

ng would be 5000 RPM.)

Of courseithe meter doesn’t have to

e ecalibrated; for g full-seale reading of
060 RPM. You can set R7 for 10,000 or
5,000 RPM and change the meter scale
narkings acabrdingly However, you will
lave to use.an audid signal for calibra-
ion in the h’.lgher renges, Select a fre-
ueney near’ theé center of the' range.
"or instance, for a 10,000-RPM scale,
e 83 He, which is equwa.lent to 4980
WPM (make'the setting for 5000). Don't
Ty to get a fill-scale range of more than
5,000 RPMor you may run into serious
mnlmeantxea . ) )

Operation, The Op-Tach can be uged in
me of two .ways: by reﬁactiou or by
ransmission. of light.

Raflective, In the first method light is
efiected from a rotating spot whith is
of a different reBectivity from the rest
of the object. The shafts of some motors
1ave flats machined on them and these
ierve a8 gogpd reflective spots. In most
:ases, however, the contrasting area
nust be mage artificially. You can use a

small piece of alumingm foil attached.

with clear i;e]loph lpe or gimply a
siece of paper of a

with the hagggmund. A small ares

which contrasts

ing body into the photocell. A light
aource is not inclizded as part of the in-
strument since guite ofteh amblent light
s gufficient. If it i not, use an auxiliary
light such as a flazhlight or drop light.

Look st the rotatmg object from the
direction and position in which the tach-

ometer ia 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 lght or the tdchometer, or

.both. You can hold the Op-Tach in your
hand if it is sufficiently steady to get

constant readings. Otherwire, place the

Of-Tach on a solid surface. For the best

accuracy, always have the tachometer
case in g position as close to horizontal
as possible.

" Turn on the Op-Tach by rotating RS
clockwise until 81 turns on. This supplies

- power to the meter, Depress 82 and con-

tinue to rotate B8 uniil you get a full-
scale deflection, Then release 82 With
the photacell 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 i
below about 500 B the meter may
“dance” somewhat. effect iz not ob-
Jectionable, however; until the speed is

Transmissive. The measurement meth-
od usl.nﬁ the transmission of light
rotating objéct 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 cach bizde interrupts
the beam ag it passes between the source
and the tachometér. The instrument i
turned on and the voltage is adjiusted as
before. Becanse of the extreme difference
in light levels, the semsitivity adjust-
ment may have tb be Increased slightly,
The indicated RPM must be divided b

the. number of times the beam i§ inter -

rupted during one revolution of the. fan
{number of blades). T

HOW IT WORKS

Each time a sharp change of Haht hits the Op-
‘Tach's photocell, the restsionee of FCUI changes
and a voitage pu!:e is created at terminal 14 of ;
JC1, This pulse is amplified and shaped le’ the six
inverters- in ICZ. SENSITIVITY control, R2, is
used 1o set the amount of forward bins in the first
tnverter in JCE. Capocitor C2 isotates the Jast twa
inveriers from any cascaded d.c. iMas in the frst .
four stages: and RS prevents an excess charge Lo
from accumulmmg én (2, which weuld. reverse §
bias the Jast two inverter siages.

. The output at pin ¥ of JCI tripgers a mono.
stable multivibrator composed of R4, C3, and two
of the four louic gates in JC2, Even though the -
teflected light detected by PCT varivs in duration
and latensity, the ontput of the multvibrator iz o
pulse ‘of constant heighi ahd widih whose fre-- §
qaeney is determined by ¥ waber of times that
the reflected leht atrik .

The pulses are sqnarcd up ‘md bufiered by the
other two gates in FO2 and applied ta the base of

s In eomtrgst will also- bﬂaus%aepaméosy—.— —below 200-RPM. To avoid this-problem, | OF When s pulse ig agpliod 10 0L, it fstarsed on 4

Position the Op-Tach so that light
5 reflected f:_'om the = '{ace of the rotat-

TWC
OHg

Fig. 6. You can use the commercial 80-Hz power line
as a calibration source, with the ‘divider nastwork
shown here, ta ¢alibrate the Op Tach t¢ 3600 RPM,

try using more than one contrasting area
on the rotating object. This has the effeet
of multiplying the asﬁ of the object by
the number of refidvang surfaces you
add, and the speed read on the méter can
be converted to true speed by dividing
by that number. For instance, if you
have placed six contrasting sirips on a
rotating ohject and the tachometer reads
1200 RPM. Then the true speed 1s 1200
divided by 6 or 200 RPM.

ey

Fig. 5. Compornent instailation. Observe
correct pofarity for tha indiceted parts.

“tha  plastic case,

and -a short palse of current flows Ihmngh meter
Al Aa the speed of the object incresses, the
pulses become claser logether and the average
valug of current flowing”  ugh M1 increases,
Capacitor C3 smooths & avelorm and helps .
keep the meter needle {robifizgling,

When pushbution §2 {3 prmed the meter is
taken out of the collector circuit of 7 and put
in series with R¢. The voltage ucross the meter is |
then determined by (2 gnd can be varied by ad-
justing 8%, Variations i ballery output due to
aging are elimlnated by setting X8 for a current .
. flow ¢f 300 micrpamperes before each reading,

* . Two holes must be drillad f "
One s for °
the pill container that mounts
PCI, while the other s for
‘making R? adjustments. For
maxithum rigidity, mount the

pill container hall way in the
- case and use high-quality ce-
" - ment. Use the pill container -
cover as a cap when the Op-
Tach is not'ln use. This hkeeps
 dust away from the phoic ceil.
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The wiring between the
PC board end the frant
panej can Le made neat
| by passing it through a
piece of plastic tubing.

Fig. 4. Layout of rear of front panel. As cirguit
layout is not critical, any arrangament can be us_;ed.

OP-TACH CONSTRUCTION NOTES

An error in Popular Electronics listed R® as being 680 ohms,
This should by been 6800 ohms., This value { ‘ncluded in .
this kit. - e

In order to increass battery life the following parts substitu-
tions have bee made,

P

DESIGNATION WAS CHANGED TO
RS 1K pot- 5K pot
R10 2.7k . 10K

Resistor color coding is as follows: "

R1 1K brown-~black-red

R3 5.8K green-blue-red

R4 © 270 obm  red=-violet-brown
RS . 1 meg brown-black-green’
R6 100 ohm brown~black=brown
RS 6800 ohm blue-ghey—r’ed-

R10 10K brown-black=orange

The printed circuit board is covered with a transparent film’
to prevent oxidation: Before soldering this film must be
removed with fine steel wool.

Heat sink transistor and I.C. leads with needle nose pliers .
while soldering. DO NOT USE A SOLDERING IRON RATED

AT MORE THAN 35 WATTS.
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