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A Universal Coil Tester 
Under -$20 device reveals shorted turns that escape 
ohmmeter measurements 

TJ Byers 

Trying to determine the integ- 
rity of a low- resistance, high - 
impedance coil can be a frus- 

trating experience. The kind I'm 
talking about are those used in TV re- 
ceivers, such as CRT yokes, filters 
and flybacks. 

The internal resistance of these de- 
vices is so low it is virtually impos- 
sible to measure the coil- winding with 
an ohmmeter. In fact, many such coils 
have a wire resistance of less than one 
ohm! Therefore, the difference a 
shorted turn or two makes in the over- 
all resistance pattern is too minuscule 
to detect. Many times, it seems, your 
only recourse is to replace the suspect- 
ed part with a new one -a costly and 
time -consuming chore. 

Earphone is modified and glued to 
back of front panel. Circuit board 
and panel are joined with adhesive 

and clamped until adhesive sets. 
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There is, however, a simple, inex- 
pensive alternative: The universal 
coil- tester presented here that is built 
around low -cost integrated circuits 
and should cost you less than $20 in 
parts. 

It not only tests coils for opens and 
shorts, it can even reveal parallel re- 
sistance paths such as the kind you 
might encounter when dealing with 
carbon tracks or leakage. 

As you might know, there's more 
than one way to test an inductor. For 
example, you could measure its re- 
sistance to an a.c. signal, the coil's in- 
ductive reactance. A simple test setup 
to do this can be seen in Fig. 1. 

Notice that the coil has a resistor in 
series with it. When an a.c. voltage is 
applied across the combination, a 
voltage is generated across each de- 
vice that's proportional to its effec- 
tive resistance and the current pass- 
ing through it. By knowing the fre- 
quency and the voltages, you can 
easily calculate the value of the in- 
ductor. In fact, this is how most lab- 
oratory instruments are used to test 
inductors. 

A second method is to test the coil 
under actual operating conditions, 
such as placing it in an oscillating cir- 
cuit. Such an oscillator is represented 
by the drawing in Fig. 2. Basically, an 
oscillator is an amplifier that has part 
of its output fed back into an input. 
This feedback produces oscillation. 
In order to sustain the oscillation, 
though, the signals must be shifted to 
180 degrees of each other. 

Phase inversion can be accomp- 
lished in many ways. In its most basic 
form, the signal is passed through a 
phase- shifting network. The network 
is frequency sensitive, so phase inver- 
sion occurs at only one frequency. 
This is the frequency at which the 
amplifier will oscillate. The network 
can contain capacitors, resistors, or 
inductors -or any combination there- 
of. The universal coil tester described 
in this article uses this test method. 

By replacing the inductor in the 
feedback loop with the inductor be- 

Photo shows author's prototype housed inside typical Bakelite project box with 
aluminum cover. Test leads exit box through hole in side of box. 

Signal 
generator 

Fig. 1. Typical reactance test setup. 

ing examined, we can determine its 
quality. A good inductor will oscil- 
late; a bad one won't. 

How It Works 
The coil tester here is designed 
around a pair of LM3909 integratred 
circuits. The LM 3909 is a special in- 
tegrated circuit that operates directly 
from a 1.5 -volt battery. It was 
originally designed as a low -power 
LED flasher, but it can do much 
more. The LM3909 can also function 
as an amplifier, an alarm, a trigger or 
an oscillator element. 

In the circuit shown in Fig. 3, the 
first LM3909 is configured as an os- 
cilltor -but with one notable dif- 
ference. Its feedback path is not com- 
plete. Part of the feedback loop con- 
sists of capacitor Cl and timing resis- 
tor RI. These two components set the 
basic oscillator frequency. 

The mising link is the inductor. 

Fig. 2. Typical oscillator setup. 

When a coil is connected from B + to 
pin 2 of IC1, the feedback loop is 
completed and the chip oscillates. 
The tone of the oscillator's output is 
directly proportional to the quality 
of the coil. An analysis of the 
circuit's operation runs as follows: 

When a good inductor is connected 
from B + to pin 2, it supplies an out - 
of -phase feedback pulse to the chip 
that initiates the charging of C1. As 
Cl charges, the LM3909 monitors its 
voltage. When the voltage across Cl 
exceeds 1.3 V, the IC discharges the 
capacitor through the LED. This 
causes the LED to flash. 

If you're wondering how an LED 
will light from a 1.5 -V source, it's 
simple. During the discharge phase 
of Cl, the 1.3 -V charge stored In the 
capacitor is added to the 1.5 -V bat- 
tery to create a total charge of 2.8 
volts. This is enough potential to 
light the LED. 

A portion of the discharge current 
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PARTS LIST 

C1- 0.47 -µf, 35V tantalum 
C2 -2 -µf, 16V electrolytic 
IC1, IC2- LM3909 Radio Shack 
276 -1705 or equivalent 
LED- Jumbo, red Radio Shack 
276 -041 or equivalent 
RI -1k, '/ -watt resistor 
Battery -C cell 
Battery holder -Radio Shack 270- 
402 or equivalent 
Earphone -Radio Shack 33 -174 or 
equivalent 

15 

IC2 

LM3909 
4 

Earphone 

Fig. 3. Schematic diagram 
of Universal Coil Tester. 

Project case -Radio Shack 270 -231 

or equivalent 

Note: The following are available 
from Danocinths Inc., P.O. Box 261, 
Westland, MI 48185: Model RW -1 

etched and drilled printed- circuit 
board, $5.50 plus $1.50 shipping and 
handling, Michigan residents add ap- 
propriate sales tax. Allow 4 to 6 

weeks for delivery. 

is also bypassed through the induc- 
tor, causing it to initiate another cy- 

cle. If the inductor is completely 
shorted (zero inductance), B + is ap- 
plied directly to pin 2 of ICI with no 
inductive relief. Constant applica- 
tion of voltage on pin 2 (which is the 
negative feedback path for timing - 
capacitor C1) squelches oscillation. 

The oscillator is also very sensitive 
to the inductance of a coil. A shift of 
just a few millihenries will produce a 

significant change in the frequency. 
Such a change can be brought about 
by shorted turns. Shunt resistance, 
created by a carbon path or leakage, 
also has a pronounced effect on the 
output. 

In many cases, a shorted turn or 
leakage even prevents oscillation from 
occurring. It is often the case, too, 
that a defective coil will add a "strain- 
ed" sound to the audio output. 

The oscillator's output signal is fed 
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Actual -size etching- and -drilling guide. 

into IC2 through coupling capacitor 
C2. IC2 is biased to operate as an 
amplifier. Its purpose is to isolate the 
oscillator from the audio output. The 
sound is heard through an earphone. 

Construction 
The complete tester is built right in- 
side a 4 " x 2'/2 " x 2' /a " plastic utility 
box. The box is large enough to ac- 
commodate all parts, including the 
battery. 

Begin by drilling two '/a -inch holes 
in the front aluminum panel, using 
the accompanying photo as your 
guide. One hole is for the LED, the 
other is for the earphone. 

Before you can use the earphone, 
though, it must be modified. With an 
XactoTM knife, carefully remove the 
protruding earplug. Take care not to 
damage the fragile speaker dia- 
phragm inside. Some earphones have 
removable, clear plastic earplugs, 
which makes your job that much eas- 
ier. Cut the leads to about 2 " and 
strip the ends. 

Now solder the components to the 
printed- circuit board, observing po- 
larity and IC orientation. Note that 
capacitors Cl and C2 are positioned 
on their sides rather than standing 
upright. Don't install the LED at this 
time, though. 

Using a silicon adhesive such as 
RTV, now cement the modified ear- 
phones to the aluminum front panel 

Continued on page 100 
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The Versatile 555 
from page 58 

R2 in series but discharges through 
R2 alone. The output pulse must be 
wider than half the period of oscilla- 
tion. If the output of an astable cir- 
cuit is used to trigger a monostable 
circuit, the pulse width of the mono - 
stable circuit can be adjusted to any 
fraction of the period that is at least 
the width of the trigger pulse. The 
astable circuit will establish the fre- 
quency, and the monostable circuit 
will determine the pulse width. 

In the circuit shown in Fig. 3, con- 
necting pin 2 to pins 6 and 7 will result 
in an astable oscillator. The frequen- 
cy can be varied by changing the 
charging rate. A signal coupled to the 
base of the transistor causes the fre- 
quency to vary linearly with the sig- 
nal. As with pulse -width modula- 
tion, the carrier frequency should be 
many times greater than the highest - 
frequency component of the signal. 
If the output is used to trigger a 
monostable circuit with pulse -width 
modulation, as discussed earlier, two 
independent signals can be transmit- 
ted on the same carrier. 

The average voltage over the peri- 
od of one cycle of the carrier frequen- 
cy will vary in proportion to the sum 
of the two signals. The FM compo- 
nent can be separated by a phase - 
locked loop (PLL). If this compo- 
nent is subtracted from the sum of 
the two signals, the difference will be 
the signal resulting from pulse -width 
modulation. 

If pin 4 is momentarily held low, 
the circuit will reset (output low) and 
remain that way for the duration of 
the reset pulse. As soon as pin 4 goes 
high, the capacitor begins to charge 
and the output goes high. Since the 
capacitor may be fully discharged 
during the reset pulse, the first charg- 
ing interval may be longer than nor- 
mal, but oscillation resumes at the 
free -running frequency after that. 

If the circuit generating the reset 
pulses is operating at a much lower 
frequency, the output from the high- 
er- frequency oscillator will be in 

bursts that are synchronized with the 
reset pulses. Such a circuit could be 
the basis for a sonar device, such as a 
depth finder, that generates short 
bursts of sonic or supersonic waves 
and listens for the echo during the in- 
terval between bursts. 

Limitations 

While the range of potential applica- 
tions for the 555 is very broad, it does 
have its limitations. Temperature 
changes cause less than 0.005 percent 
change in the timing interval or fre- 
quency per degree celsius. Slow 

changes in the supply voltage also 
have little or no effect. 

However, the effect of voltage and 
temperature changes on the external 
circuit components must be consid- 
ered. Rapid supply voltage variations 
that occur during the timing interval 
will affect the operation of the cir- 
cuit. The supply voltage should be 
held constant by regulation and /or 
suitable decoupling where accuracy 
is an important requirement. 

Even with these measures, alterna- 
tives should be considered if an ac- 
curacy of better than one percent or a 
frequency of greater than 100 kHz is 
required. ASE 

A Universal Coil Tester 

directly under one of the '/ " holes. 
Make sure the diaphragm is pointing 
outwards, facing the outside world. 

The LED can be installed in the cir- 
cuit board as soon as the glue has set. 
First, push the dome of the LED 
through the front panel and glue it in 
place. Now adjust the length of the 
leads so that one end of the PC board 
rests against the earphone, all the 
while keeping the board parallel to 
the front panel. Solder the LED in 
place and then attach the PC board to 
the back of the earphone with a dab 
of glue. 

While the assembly is drying, drill 
a hole in one end of the plastic case 
large enough to accommodate a pair 
of wires. These wires will serve as the 
test leads for the coil- tester. You may 
make a nifty pair of test leads by cut- 
ting a jumper clip lead in half and 
pushing the cut ends through the 
hole. Tie a knot in the wires and sol- 
der them to the PC board so that they 
can't be pulled back through the 
hole. 

Using The Tester 
Your instrument is now ready for 
use. All you need do is insert the bat- 
tery into its holder. No provision has 
been made for an on /off switch; it 
really isn't necessary. The circuit 
draws very little power, so a fresh 
battery will provide many months of 
service. 

from page 78 

Here are some helpful hints, 
though, that will make your coil -test- 
er even more useful. Your coil- tester 
is extremely frequency sensitive, so 
you must make a good connection to 
the inductor. Just a couple of ohms 
of series resistance make a big dif- 
ference in how audio sounds. 

Shunt resistance also plays an im- 
portant role in the quality of the 
sound. If the coil has a short -even if 
it's just a couple of turns -there is a 
noticeable change in the tone. It may 
sound very strained or not be audible 
at all. The LED will probably light 
under these conditions, however, in- 
dicating that you are making proper 
connection to the coil. In this man- 
ner, leakage resistance as large as 100 
ohms is easily detected with this 
tester. Try that with your ohmmeter! 

If you happen to have an identical 
coil on hand, you can even be more 
critical in your testing. Test the good 
coil first, then the suspect coil. Listen 
for a difference in the sound. The 
questionable coil should produce an 
identical sound it it's good. This 
same technique can be used to iden- 
tify unmarked coils in your junk box. 

Other uses include the testing of in- 
duction motors, auto ignition coils 
and power transformers. Although 
this is not the most sophisticated coil - 
tester around, it is extremely ver- 
satile, portable for field work, and 
costs very little when compared to 
commercial models. AE 
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