Project

Bus-Line Tracer

Novel instrument speeds circuit troubleshooting by
audibly indicating defective components along
a bus line without disconnecting them

By David Miga, CET

icture a scenario where you’re
P working on a defective TV
receiver that has only 6 volts
on its 30-volt supply line and the
supply is okay. Since the line reads
only 8 ohms to ground when the set is
turned off, some part is obviously
partially shorted. No problem, you
might think—until you realize that the
line runs to more than 60 components!
There are a lot of ways to ap-
proach this troubleshooting prob-
lem. Most methods are very time
consuming. Using a special instru-
ment, the Bus-Line Tracer described
here, however, allows you to locate
the defect with amazing speed while
the power is turned off. It does not
require unsoldering a single device or
even looking at a meter’s indication.
Instead, it beeps in increasingly high-
er sound pitches as you move a test
probe to each successive component
on the line. When the defective com-
ponent is reached, whether it’s the
second one or the thirty-second one,
the pitch suddenly increases, indicat-
ing that you’ve found the culprit.
The foregoing represents an actual
experience I had while using the
Tracer. The 32nd component turned
out to be a leaky 47-microfarad ca-
pacitor. Double-checking by moving
the probe to the next device, the beep
was lower, while moving it back to
the 47-uF capacitor caused the
Tracer to beep at a significantly high-
er pitch. To verify that the capacitor
was defective, 1 sprayed the com-

ponent with a freeze spray while
the Tracer beeped away. The pitch
changed drastically and I knew that I
had found the leaky ‘‘8-ohm’’ de-
vice—in about five minutes.

Think of the Tracer as an ohmme-
ter with a 15-ohm maximum scale,
but with a resolution of just 5 milli-
ohms, and a beeper instead of a me-
ter scale and you’ll understand what
we’ve got here: a substitute for a very
costly 5% digit micro-ohmmeter.
Whether the problem is caused by a
shorted or leaky component or a sol-
der bridge on a pc board’s copper
trace, the Tracer will pinpoint it
for you.

Its parts, including case and test
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leads, all on a pc board measuring
only 2% x 3 inches, at a total cost of
less than $80 plus your assembling
efforts, is a welcome alternative to
buying an instrument for a few thou-
sand dollars or unsoldering compo-
nents one by one along the bus line.

About the Circuit

Shown in Fig. 1 is the complete sche-
matic diagram of the Bus Line Trac-
er, including its ac-operated power
supply. In the power-supply circuit,
the 117-volt ac line potential is trans-
formed to 30 volts ac by power trans-
former 7T7. This lower voltage is
converted to pulsating dc by bridge
rectifier RECTI, after which it is
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smoothed to pure dc by filter capaci-
tors CI and C2, respectively. Regula-
tors ICI, IC2 and IC3 then convert
the unregulated dc to +8, —8 ,and
+5 wvolts (all referenced to the
grounded center tap of T) for distri-
bution to the remainder of the cir-
cuitry as needed. Capacitors C3, C4
and CS5 add stability to the regula-
tor outputs.

Integrated circuit /C4 is a dual op-
erational amplifier in a single pack-
age. The first op amp in IC4 is wired
as a unity-gain precision adjustable
voltage reference that supplies the
negative input of the second on-chip
op amp at pin 6 of /C4. This second
op amp is wired to provide a voltage
gain of 4,700 with the values speci-
fied for resistors RI and R2.

In operation, a precise + 5 volts is
delivered from /C3 through R3 to the
red test probe and, hence, to the
component under test. Depending
on the resistance of the component
under test, a potential of between 0
and +5 volts is placed across R3,
This voltage is monitored by the se-
cond op amp in /C4 through R4. A
test potential of +5 volts was de-
cided upon because it is great enough
to force a stubborn solid-state junc-
tion into conduction and drive inter-
mittent components but is still low
enough to permit testing in digital
equipment without inflicting damage.

The output from the second op amp
in IC4, at pin 7, can be anywhere be-
tween — 8 and + 8 volts. This output
voltage is passed through stabilizing
resistor RS to the delta-voltage input
at pin 5Sof 555 timer /C5. The timer is
configured as an astable multivibra-
tor. The pin 5 output from /C5 is also
applied to the circuit made up of DI,
R6, QI, R7 and R8. This circuit
holds reset pin 4 of /C5 low when the
red test probe is not touching a cir-

Fig. 1. Complete schematic diagram #

ofthe Bus Line Tracer, including its
ac-operated power supply.
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cuit or component under test. Hence,
it serves as a muting system that pre-
vents the project from sounding be-
tween measurements.

Oscillating frequency range of IC5
depends on the values used for C6,
R9 and RI0. With the values speci-
fied for these components, the proj-
ect outputs a tone that is in the audi-
ble range between 1 kHz and 5 kHz.
The specific frequency of the audio
tone depends on the voltage applied
to pin 5 of IC5. This audio tone,
which is passed through limiting re-
sistor R11 and dc isolation capacitor
C7 to the speaker, is the only “‘indi-
cator’’ this project uses.

Construction

Since only low frequencies are used
in this project, component layout is
not overly critical, though use of a
printed-circuit board on which to wire
the circuit is highly recommended.
What is important is the length and
thickness of the wire used for the 5-
volt run to R3 and the red test probe.
Wiring in this portion of the circuit
should be selected to provide the
least amount of resistance to assure
maximum instrument accuracy.

If you wish, you can fabricate
your own printed-circuit board, us-
ing the actual-size etching-and-drill-
ing guide shown in Fig. 2. Alterna-
tively, you can purchase a ready-to-
wire board from the source given in
the Note at the end of the Parts List.

As shown in the Fig. 3 wiring dia-
gram, all components except POWER
switch S/, power transformer 71,
fuse FI, potentiometer RI3 and
miniature 8-ohm speaker SPKR
mount directly on the pc board. As
you wire the board, make certain
that you properly orient the electro-
lytic capacitors, diodes, transistor
and ICs before soldering any leads or
pins to the copper pads on the bot-
tom of the board.

After all on-board components
have been mounted, install the two
wire jumpers in the indicated loca-

|

PARTS LIST

Semiconductors

D1—1N4733 or similar 5-volt, 1-watt
zener diode -

IC1—7908 — 8-volt, 1-ampere voltage
regulator

1C2—7808 + 8-volt, l-ampere voltage
regulator

1C3—7805 + 5-volt, 1-ampere voltage
regulator

1C4-—1.M 1458 or RC4558 dual opera-
tional amplifier

IC5—NESSS5N timer

Q1—2SC945 or ECG123A npn silicon
transistor

RECT1—Philips ECG5304 or Mouser
No. 33SC020 200-P1V, l-ampere
bridge rectifier

Capacitors

C1,C2—1,000-uF, 25-volt electrolytic
C3,C4,C5—47-uF, 16-volt electrolytic
C6—0.01-uF, 50-volt Mylar
C7,C9—100-uF, 25-volt electrolytic
C8—4.7-uF, 50-volt electrolytic

Resistors (-watt, 5% tolerance)
R1—470,000 ohms
R2,R5,R11—100 ohms
R4—2,200 ohms

R6—4,700 ohms

R7—10,000 ohms
R8,R10—22,000 ohms
R9,R12—56,000 ohms

R3—100 ohms, 3-watt metal-film
R13—5,000-ohm, linear-taper, panel-
mount potentiometer

Miscellaneous
F1—500-milliampere pigtail fuse
S1—Spst slide or toggle switch
SPKR—8-ohm, 0.1-watt, 1.5"
diameter speaker (Panasonic No
4P15SA or similar)
T1—30-volt, center-tapped, 1-ampere
power transformer
Printed-circuit board; 3-lug terminal
strip; suitable enclosure (Radio
Shack Cat. No. 270-252
see text); ac line cord wit
and black-coded test le
TL-1 or similar; see t
pointer-type control kno
machine hardware; ho
solder; etc.

Note: The following items
from Electronic Design S
951 SW 82 Ave.,, N. Lau
33068: Kit of all componen
and pc board but not includi
and rubber grommets, No
$59; No. EDS-68PCB single-
circuit board with layout, $15
30-volt, center-tapped
former, $12; Vanco TL-1
lead set, $5. Add $6 postage
for kit, $4 for any individual
Florida residents, please
sales tax.

tions. You can use bare solid hookup
wire or cut-off resistor or capacitor
leads for these jumpers. Now strip
Y, inch of insulation from both ends
of five 4-inch lengths of hookup
wire. If you use stranded hookup
wire, tightly twist together the fine
conductors at all wire ends and spar-
ingly tin with solder. Then plug one
end of these wires into the holes
for POT, POT WIPER, +SPKR and two
to GND. The other ends of these
wires will be connected later, after
the circuit-board assembly has been
mounted inside its enclosure.
Extensive testing, using many
kinds of test leads, has led this au-
thor to conclude that the best type to
use has thick probes, like those on
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the Vanco TLB-1 test-lead set. The
probes on these must have the tip
filed flat for maximum surface con-
tact area. The most important thing
to remember for this project is that
the lower the resistance of the test
leads and probes, the more accurate
will be your test results. Therefore,
cut the test-lead cables to as short a
length as you can manage, but do not
leave them longer than 18 inches or so.

Snip off as much test lead length
from the banana-plug ends of the ca-
bles. (Use of the usual banana
plug/jack arrangement is n0f recom-
mended in this project because the
small amount of resistance they nor-
mally introduce in the test lines will
result in large inaccuracies in test re-

——
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