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ABSTRACT

This project report deseribes the desipn and construction ol o continuity tester and
cut point detector used in testing Tor continuity in printed circuit boards PO as well e
detecting the cut point in faulty insulated cables and cables buried in the ground or walls.
The operational principle of this project is based on mutual induction between cable
under test and the sensing probe of the cut point detector which are electrically isolated.
This is accomplished by powering the test cable with the live line of an alternating
voltage source. This induces an alternating magncetic flux around the cable which in turns
induces an alternating voltage in the probe sufficient to clock the CMOS frequeney
divider IC. The frequency divider divides the frequency by ten and its output is fed to an

astable multivibrator which gives an audible and visual indication for continuity.
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Chapter One
General lntroduction

1.0 Introduction.

The past few decades has witnessed tremendous advancement in the field of
feienee and technology anchored on the development in the clectronics and computey
world. In all of this, it is the duty of the engincer to ensure that these advancements are
{indertaken and maintained with the available minimum resources. Micro electronics is a
dcrm not far fetched. 1t entails the ability to miniaturize very complex clectronic cireuits
into small chips. Thesc chips are interconnected with other chips and discrete clectronic
;iL‘mnpnncnls via the tracks of a printed circuit board (PCB). The PCB is not a veny

xpensive material, the cost comes from the chips placed on them.
3 /

(

‘The non functionality or malfunctioning of an entire board can be caused just by a
fsimplc crack or cut on the copper tracks linking the chips or a short (short circuit)
between the pins of the chips among other causes. One of the solutions o a problem of
%Ulis kind 1s to discard the laulty board and replace it with an entire new one. but this will
i‘be tantamount to acutc wastage ol resources. On the other hand. a little troubleshooting
wouldn’t be a bad idca. To do this. one very important test cquipment is a continuity
fester.

Continuity in an clectrical circuit means that there is a path of negligible or very
ﬁnmll resistance for current to fTow through, while an open (open civcuity stands for no
gputh at all or a path of very high resistance. Both continuity and opens are diagnosced
jusing a continuity tester.

In printed circuit boards, after a fault of an open (discontinuity) has been

{diagnosed between two points, the actual point of cut or discontinuity can be detected by




.1.2  Cut point detector.

Sensi | Frequency Oscillator and
Sensing probe | - = :
&1 divider > Speaker
DC Power Visual
souree ndicator

Fig 1.2 block diagram of cut point detector module
The cut point detector is used in testing for continuity in insulated cables and also
leteets the cut point in such faulty cables. 1t is required that the cable under test be
;mwcrcd with the tive line of an AC power source. The cut point detector senses the
Electromagnetic ficld around the powered cable through the probe. The frequencey s
’dividcd by ten and then passed to the indicators which are both audible and visual.
1.2 Objectives Of The Project.
The objectives of the project and other functions it can accomplish are:-
i) To test for continuity and opens in both analogue and digital circuits on a printed
circuit board (PCB).
i) To test for continuity in insulated cables or cables buried in plastic or ground.
iii) Deteet high voltage alternating current and the clectromagnetic ficld from such
sourees.

iv) Detect the cut point in faulty discontinuous insulated cables and bunced cables.




1.3  Methodology.

The desipn of the cut point detector was st conceptualized and then the
continuity tester. The coustruction was done based on modular constraction i swhich each
module of the project was constructed separately and then tested. The two main modules
are the continuity tester and the cut point detector module and cach of these maodules are
further subdivided into smaller modules that define the principle guiding the operation of
the project. After the operation of individual modules was confitmed o be working
according (o design and expectation, the two scparatc modules were joined together and
packaged since they operated hand in hand and are powered from the same souree,

1.4  Scope.

The inspivation of the project was birth after having expericnced and considered
ghc high rate of wastage that occurs as a result of negligence in troubleshooting minos
fault in electronic gadgets, and also the trouble undergone when a cut occurs i an
insulated cable.

In as much as the objectives of the project were achieved. there are still some
limitations which are explained below.

1.4.1 Continuity Testing.

In testing for continuity, small resistance values are regarded as continuous. This
is because every conductor including the best conductor has a tevel of resistance which is
proportional 1o its length, In other to accommodate this, an amount of resistance was
assutiied as contintous whicl can be varied by the user,

In testing for opens, high resistance values were regarded as opens. This is also

because of the above reason.




1.4.2 Cut Point Detection.

In detecting the cut point in o faulty cable, the cable i question if not a powes

1 cable must be clectrically isolated from the original circnitey. This is because the cot posnt
3 detection involves the powering of the cable with a high voltage alternating current which

1 may be harmful to the circuitry in which the cable is located.

In buried cables, the material covering the cable and the depth causes a limitation.

This is because such materials can act as a shicld to the clectromagncetic ficld gencrated

1 by the alternating current flowing through the cable.

11.43  Detecting High Voltage and Ficlds.

The detection of high voltage AC and ficld from such sources are limited o AC

sources which must be within the frequency range of 20 Tz to 20082 In as much as the
1 cireuit can deteet beyond this range of frequencics, the indicators may not be hoth audible

{ and visible to the user.




Chapter Two

Literature Review/Theoretical Background
‘The discovery ol the light bulb by Thomas Edison and the D.C battery b
Alessandro Volta provided a means of continuity indication. The circuit diagram below

shows a simple method of testing continuity using the battery and the bulb.

I ® .

battery bk-jlb

Fig 2.0 the cirenit diagram of o simple continuity testerf 1)

In the diagram, when the two flying [eads from the bulb and the battery sctup are
connected between two points, the bulb will light indicating continuity between the
points. I it docsn’t light then it indicates an open circuit (discontinuity) between the
points. One of the disadvantages of such a circuit is that the current generated by the
battery which may be up to a few amperes depending on the battery type and bulb flows
ihrough the circuit under test. This large amount of current can be harmful 0 some
clectronic components in the circuit.

As technology advanced. betier bulbs more suitable for this purpose were
developed such as the light emitting diode (LED). This modificd the previous circuit into

a much better and safer continuity tester. 'The schematic diagram is shown below

0
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battery N Rexsistor

FFig 2.2 continuity tester using Hght emitting diode] 2]

In the above circuit, the problem of high current towing through the circuit under test is
minimized to about 20mA. This is achicved by using the appropriate resistor which limits
the current depending on the voltage source.

Jor avoltage source of 6 volts, a voltage drop of 2.5 is requires across the LED
and a current about 20mA

0-2.5

Series resistor value = = 175¢)
20m

With the leads placed between two points the LED will plow if there is continuin
between the two points.

The principle behind the operation of the two circuits discussed above is simple.
Every circuit requires a complete path for current to flow, a continuous circuit under test
provides a path that completes the circuit, so that conventional current can flow all round
from the battery’s positive terminal through the LED. resistor, circuit under test and back
to the negative terminal of the battery. This flow of current causes the L1XD to glow. But
for an open circuit there is no complete path for current flow through. henee the LED
doesn’t glow.

The ivention of basice clectronic measuring instrument paved the way for better
ways of continuity testing. This is done with the use of the ohmmeter which measures the
resistance of the circuit under test. An ohmmeter works on the principle of ohin’s law

(V=IR) tn which resistance s a ratio of the voltage and current.
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Iig 2.3 basic meter movement used as ohmeter

‘The circuit consists of the basic meter movement combined with a li\:nlu"\ and a
current limiting resistance as shown above|3]. The ohmmeter leads X-Y are connected
across two points in the cireuit under test after switching of ' the power in the circuit. The
ohmmeter battery provides the current for the meter movement which depends on the
external resistance. For a continuous circuit the resistance is very small and so the meter
pointer will indicate fow resistance, but for an open circuit the pointer indicates infinity.
Some other multi-purpose meters called multimeters operate based on the same principle
and can be uscd to measure more than one clectrical quantity by adjusting the selection
knob to the desired quantity of measurement. ixample: voltage, current. resistance cte.

The digital multimeter is also used for continuity testing and operates on the same
principle as the analogue multimeter only that in this case it"s not a pointer indicating the
measurcment value rather the actual digits are displayed on the mceter sereen. The basic

favout of the digital multimeter is shown below.
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Decoder/drive Decoder/driver Decoderidrive Decoder/drive
and display and display and display and display

IEA TR O N N o
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AL lllll

D/A converter with four-digits BCD input
resolution=10m/step

comparator

B

!
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adjustable
__display time
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e —{Q 8 —-\ _____ Q s}

Fig 2.4 simple continuous reading, digital meter

The four cascaded BCD counters provide the digital imput to a BOD type 1VA
converter. Each BCD counter feeds a decoden\driver and associated display. It follows
that cach digit of the count is continuously being displayed as the counter runs up from
0000 to 9999. When the counting has ended, the display is held for a time so that we can
observe it. The counting time is so rapid that we can scarcely observe the changing
display and normally the first effect we can observe is the steady display{].

The clock pulses are gated into the counter along with the comparator output. s
long as input A=, the output of the comparator is Tthigh) and the counter continues to
receive pulse from the clock. With cach clock pulse the counter advances astep and B
goes up another 10m. Eventually B>A by not more than 10m, but this is sutficient o
make the comparator output go to O(low) and the AND gate is disabled. This prevents

further clock pulses from entering the counter which therefore cannot advance further.
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At this p.oim. we l'luvc the counter holding data cquivalent to the unknown
analogue input A. As soon as the comparator output poes low to 0, it also tripgers a form
of set-reset refay ready to cepeat the eycle obevents,

fiusing the digital mualtimeter to test for continuity, the selection knob is set o the
resistance setting and the two probes are places across the two points to be tested. 1 there
is continuity, it displays the digit 0000 or the equivalent resistance value between the two
points and for open it displays 1. Somc digital multimeters are cquipped with an
additional audible indicator that sounds a continu’ous high pitch tone indicating continuity
and none (no tone) for opens. Another  types of continuity testers is the latching
continuity tester, which is used in testing for continuity in vibration induced problems
where shorts or opens are not maintained fong enough for non fatching continuits testers
(o respond] S

Cut point/fault location in insulated cables and underground cables are done using
so many hi-tech instruments that involve microprocessor operations. These includes
cchometer: artificial neutral network, which uses two main simulators. one with the
EMTDC software using the Bergeron model for cable and the other MATLARB software
using the Pi model; Dynatef™ 965DSP units, which uses - the integral resistance
measuring bridge or a time domain reflectometer (FDR); 3M™M 1342 Far End Device 1
for detecting and diagnosing cable faults, and facilitates remotely controlled measurement
termination at the other end of the pair being tested:; DC Hi-Pot Adapter. a very vaduable
ool for Tocating faulted cables in an underground loop|of.

FFault detection in fiber optical cabltes is not fefi out. The Clavss Fiber Continuity
Tester provides you with a high intensity, long-lasting green LD fight sowce that
transmits light instantly and accurately down the {iber compatible with both single mode

and multimode fiber, it can achicve a test distance of up o 2km in multimode fiber

10




testing.} 7} OTDR (Optical Time Domain Reflectometer) is very fast, producing a scan
within one scecond of pressing the scan button. Among its nimy featares is an casy to s
Zoom that cnables the user to observe the entire link, or zoont in on defects. Others
include Fiber Optic Video Microscope, cte. Al these are i tech cquipments whose
principles of operation are beyond the scope of this project.

The continuity tester and cut point detector that have been constructed here s
capable of testing for continuity on the printed cireuit board and insulated wires as well as
detect or locate the cut point or fault point in such a cable. It gives an audible and visual
indication in both cascs. The working of the project is broken down into two main
modules and the block a diagram showing the basic make up of cach module is shown
below.

2.1  Continuity tester module.

Transistor - { Astable
Power supply ‘ -
: switch multivibrator
Sensing : Transduccet/
probe indicator

Fig 2.5 continuily tester modute block diagram
2.1.1  Power supply.
The power supply is from a 6122 9volts battery which is a dry cell made up of
primarily the positive and negative clectrode and an electrolyte. 1 is a primary cell
because the individual cells are connceted in serics (internally) and are capable of

converting stored chemical energy in them into electrical energy through the process of




electrolysis. The stored energy is inherently present in the chemical substance and doesn’t
need charging or recharging} 3], Althongh it can not be recharged. its life span some times
can be fong depending on the load that is connected to them and they supply constat
current and voltage within this time. They also have the advantage ol being small and
light, and as such can be carried around in portable equipments.

2.1.2  Transistor switch.

The transistor is a PN junction component manufactured from a single picce of
semiconductor crystal. The two junctions give rise to three regions called the emitter.,
basc and collector which provide the tree terminal of the component. As a transistor
switch it is used i controlling a relative large current between or voltage across two
terminals by means ol a small control current or voltage applicd at a third terminal. It
operates in the cutoll region where virtually no current flows through the transistor and in
the saturation region where sufticient amount of collector How[8]. The basic operation of

a simple BJT (bipolar junction transistor) switch is illustrated in fig 2.6

Vout

<

3
=
&
<
o
@

Fip 2.6 simple circuit dingram of transistor switeh
Considering the load-line line equation at the collector circuit. we have

Ver =Vee-1eRe and - Vour = Ve




i i : . transistor is in the cutolf region
Thus. when the input voltage Vin is low (below 0.6V) the transt

and little or no current flows, and
V(Hll V( B VI‘('

When Vin s large cnough to drive the trausistor (above 0.6V) into saturation
region, a substantial amount of collector current will flow and the collector emitter
voltage will reduce to the small satural’ion value, Ver sar. which is typically a fraction of
a volt.

2.1.3 Testing probe.

The testing probe is the part of the equipment that makes contact W ith the circuit
under test. 1t has a metallic conducting pointed tip which aids contact and conduction
between the circuit and the equipment and also an insulated handle to isolate or protect
the user trom electrical contact which nmay otherwise e dangerous,

2.1.4  Astable multivibrator.

This device is usclul in generating, storing and counting circuits. They are also
called a free running relaxation oscillator which are basically two-stage amplifiers with
positive feedback from the output of one amplifier to the input of the other. This leedback
is supplied in such a manner that one transistor is driven (o saturation and the other to
cutoff. It follows that the saturated transistor is driven to cutoff and the cutoff transistor is
driven to saturation leaving no stable state but two quasi-stable (half-stable) state between
which it keeps oscillating continuously of its own accord without any external excitation,
The baste circuitry ol an astable multivibrator consists of two symmetrical collector
coupled transistors. These provide two CE amplifier stages, cach providing a feedback o
the other. The feedback ratio is unity and positive because of 180" phase shift in cach
stage. lHence the circuit oscillates. The circuit diagram and the output wave form is shown

in {ig 2.7




Vee

[
/\L/ \/

Output w ave

Fig 2.7 civeuit diagram and output wave ol asymmetrical coupled ANY
The transistor Q1 is Torward biased by Vee and R1 whereas Q2 is forward biased by Vee
and R2. The collector emitter voltage of Q1 and Q2 arce determined respectively by R4
and R3 together with Vee, The output of Q1 is coupled to the input of Q2 by €2 whereas
output ol Q2 is coupled 10 Q1 by C'1,
The operation of the circuit is made easier knowing that when Qlis ON, Q2 is
OFF and when Q2 is ON, Q1 is OFF, When the power is switched on (switch s closed).
one of the transistors start conducting before the other (or slightly faster than the
other).this is becausc the characteristics of no two seemly simifar transistors can be
exactly alike. Supposc that Q1 starts conducting before Q2. the feedback system is such
that Q1 will be very rapidly driven to saturation and Q2 to cutotl.
The tollowing will occur:
i.  Since QI is in saturation, Vee drops across R4, hence Vel 0 and point A s at
7Cro polential.
i, Since Q2 is in cutod] it conducts no current and there is no drop across R THence
point B is at Vcc.

ili. Since A is at OV, c2 stats to charge through R2 towards Vcc.

14




vi.

2.15

vil.

When the voltage across C2 rises sufficicntly. it biases Q2 in the forw ard direction
so that it starts conducting and is soon driven to saturation.

Ve decrenses and becomes almost zeio when ) pets saturated. The potential at
point 13 decreases to almost zero. This deercase is applied to the base of QI
through C1. Consequently, Q1 is pulled out ol saturation and is soon driven to
cutoff.

Point B is now at OV, C1 starts charging through R1 towards Vee, and finally
When the voltage of C1 increases sufficiently, Q1 becomes forward biased and
starts conducting. In this way, the whole cycle is repeated} 3).

Transducer.

Transducers are devices that convert physical quantitics or conditions into

electrical signals and vice versac In most instumentation: systems, the input or output
quantitics (such as temperature, foree, displacement. luminosity, cte) are non-clectrical.
For using electrical methods of measurement, such non-clectrical quantitics require to be
converted into the equivalent/corresponding electrical signal (such as voltage. current.
resistance frequency. eic) using transducers. Any transducer basically consist of two

clements

i) Sensing celement: it is the part of the transducer which senses or responds
to a physical quantity or change in physical quantity.,
i) Transduction element: this is that part of the transducer which transforms

the response ol the sensing element to electrical signal.

Some examples of transducers include audio transducers (microphone, speakers, buzzers,
cte. that operate based on principle ol celectromagnetic induction), light transducers

(bulbs, LED, LDR, clc), etc.

15




2.2 Cut-point detector module.

and frequency divider form a magnetic ficld detector.

deflected clockwise oF anticlockwise depending upon the direction of current}H.

Conducting Conducting

/wirc /wnrc

Clircular Circular

1 A\lh ) path

Fig 2.7 the right hand rule convention [8]

The convention for showing the relationship betwee
and the magnetic Hux is determined by the fam

the dircction of current 1 points in the direction of the thumb of one’s right hand. the

resulting magnetic ficld encireles the conductor in the direction ol which the other four

fingers would encircle it. Magnetic ficld intensity Il is unaffccted by the material

16
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The cut-point detector module consists ofa DO power source (battery). sensing
probe,  frequeney divider, oscillator, and transducer/indicator fhe power souree.
oscillator and transducer/indicator are shared by the continuity (ester module and cut-

point detector module and are as explained above. The combination of the sensihg probe

in Oersted’s cxperiment in 1820, he discovered that when a current carrying

conductor was placed above a magnetic needle and in line with the latter. the needle was

n the direction of current flow

iliar vight-hand rule. This rule states that it

{
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surrounding the conductor but the flux density depends on the propertics. since B pll
Thus the flux density around the conductor would be far greater in the presence of a
magnetic material than il'the conductor were surrounded by air] 8.

The physical basis tor the cut point detection is mutual induction between the
faulty cable and the scnsing probe of cut point detector linked by a common magnetic
flux. If the faulty cable is connected to a source of alternating voltage. an alternating flux
is setup around the cable as long as there is continvity. When the probe of the cut point

detector is brought close to the cable, a path- ol high magnetic reluctance (air) s

established which produces mutually-induced c.nv.t (according to faraday’s law of

electromagnetic induction). This induced c.m.f which depends on the reluctance of the
magnetic path is very small when compared o the alternating voltage in the cable. but is
qulficient to clock the CMOS divide by ten counter 1C which acts as a frequency divider.
The output signal from the CMOS IC goes to a NAND gate and then to the oscitlator for

an audio and visual indication.

B enp s AR
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Chapter Three
Design and Implementation

The continuity tester aﬁd cut point detector was designed not only to indicate
:L‘ontinuity in printed circuit boards (PBC) but with the acapability of indicating continuity
{in insulated and buried cables. This was achieved using modular design and construction.

The entire project is divided into two different modules; continuity tester module and cut

{point detector module.

13.1  Continuity Tester
!

This module of the project is used for continuity indication between two exposed

. parts of a circuit. Fig 3.1 shows the entire circuit diagram of this module

VRI
e 3 & g,
?.,00 o o a §R6 <R7
3}\2’\/‘ 2N3905 ) 200 56k
k AN Q2
W
S { 2N3904 C1
: 23 22nF
<R3 { ‘
y 21 522‘( ' }
B8V2

L Probet

T Probe2

Fig 3.1 circuit diagram of the continuity tester module

Fhe above circuit gives both an audible and visual indication for continuity and

none for opens or discontinuity.

18




3.1.1 Power Source.
The power souree for the cireuit is a 9 volts alkaline battery. This was chosen
i i N . . ! sovery o et
because the continuity tester is a portable testequipie ot that consumes very hittle po
and as such can be powered through a battery tor a very long tinie.

3.1.2 Current limiter.

VRI
, 500

Ri
500

vi L

VT A

DA

~TNA148
ey Proben

O robe?

Fig 3.2 circuit diagram of current limiter

The series combination of the variable resistor VR I, R1, zener diode Z1. diode D
and the probes form a current limiter. This is to ensure that the maximum current flowing
through the test circuit is very small (approximately 0.8mA).

Note: the diode DI wasn’t part of the original design. It was added because the voltage
drop on Z1 was found not o be 8.2V as expected but rather 7.5V, as such adding a diode

which has a torward voltage drop between 0.6 to 0.7V would add up to 8.2Volts

S

e et
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(1--1z)

Series resistance®

g 8D
08x10 "

= 10000/ ms
Note : Vzis the voltage drop across the zener diode 7 Fand D1
Series resistance R = VRT+RI

3.13  ‘Transistor Switch.

Py »®

lvm
\.Z SO0 _
(\ O‘
o Ry 3 P
@) - | N39S |
‘ kD . _,()2
-1 Im:ssxm
Ri< A
506 : L_ o
vi L' S s '2N39()4
== +Z1 222k I & to astable

AgV2 Ly
R4 < éRS multivibrator

22k;> <3(50

¥ .1N4148

oProbet -
LED

T Probe2 - ”%range

- e _}‘“

Fig 3.3 circuit diagram ol transistor switch

Q1 is a silicon type transistor and the basc-emitter voltage will need to be abowt
0.5 to 0.6 volt to forward-bias the junction and initiated collector current. With
maxithum of 0.8 volt (9-8.2) available across VR and RI1. it 1s scen that il a
scmiconductor junction or resistor is included in the outside circuit under test and drops
more than 0.3 volt then there will be less than 0.5 volt remaining across VR and R1.

barcly enough to bias QI into conduction. But this can also be variable by adjusting the

preset variable resistor VR,
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Table 3.1 absolute maximum rating of transistor IN3906 191

H oy b)
Maximum collector current TeMax 200mA

Collector Emitter breakdown voltage Viro | A0V

Base Fmitter breakdown voltage Vo 5V
DC Current gain [ATHE 200
Maximum operating frequency { 300MI17.
. Iy,
Maximum  base current Ly
1(',\/.!.\'
200
TmA
200m
.. . l",, l"’“ 0.6
Minimum base resistorR, ="
lim
90-.82-0.0
= 2202l T 2200 0hms <R,
Im :
.. ) Voo
Mininmum collector resistorR. =~
[@YARY
9
= =450hms < K,
200m )

in order to minimize the current consumption of the circuit.a much higher value were used.

Assuming that the probes are joined by nearly zero resistance. the voltage drop
across VR and R1 is between 0.7 to 0.8 volt and Q1 turns on. Its collector voltage rises
positively o give nearly 9 volt across R3. which biases ()2 a 2N3904 NPN transistor
gausing its collector to conduct and its cmitter thus rises to about 8 4 volt. This lights the

LED and also biases the next transistor Q3.
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Tabled.2 absolute maximum rating of transistor 2N

3904 191

“Maximum col\cc\br current fenmax 200mA
Collector Emitter voltage Vira A0V
Emitter base voltage Vino oV
DC Current gain hye T 300
ME{fﬁinhﬁ{ﬁcEi{{iﬁgi?EL{LiEnE)?TW' T 300Muz
. Ny
Maximum base current Iy ==
Ty
300
= = L.SmA
200m

.. . [ 0.0
Minimuim resistor K
|.5m
9-0.(
=270 5600 ohms < Ry
1.5m
. ) V..
Mininmum collector resistor R.= N e
CALAN
9
= e = 450hms < R
200m

R, > 56000/uns 2 450hms. assuch a far higher value of 22k w

LED Resistor R, = Total voltage — LED voltuge
‘ LED current
84-30

15m

=3600/ums

Once the base of Qu s biased. this causes current to (e

emitter and to the astable multivibrator, which starts up a tone.
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3.1.4 Astable Multivibrator

Lzz L lll\)v}tmvu ‘H \

“ 126G
200 56k 56k < R‘)
180
. e
22nF 22nF

Fromtransjstor ¢ ‘ |___ ‘ ‘,__4,

sSwW itcht
L
Q4 /f Q5
2N3904 t— ———L&\N3904

Fip 3.4 circuil diagram ol astable multivibrator

“lhe ol time for ¢, is 1 0.69 R0 and that for O is 1, 0.69R,C,

henee total time period ol the waveis 77101,

= 0.69(R,C, + RCY)
if R, =R,=Rand C,=C,=C. thenl = 1.38RC

Frequency of Oscillation I = reciprocal of time period

N 1
T 138RC

0.7

T RC

substituiting the values of R and Cinto the above cquation
i
1.38(50k = 2211)
|

588179911z ~ 588211z
1.70016% 107

!

R
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;ensure oscillation the transistor must saturate for which the A, = p=

iof breakdown.,

#3.2  Cut Point Detector.

therefore R, =

R,

56k

=-———=186.6 Q=200Q

300

Ry = Ry — Ry

Sensing Probe

=200-32=168Q =180 Q

the exception that in this there is high magnetic lcakage.

R, _ K
R, (Ry+ Ryy)

The diode D2 is a protective (free wheeling) diode connected across the
ransducer since fast switching section of the oscillator circuit can produce a high back

e.m.[. across the coil and these high voltages might other wisc lead to transistor damage

The principle behind the operation of the cut point detector has been explained in

chapter two (section 2.3.2). It 1s on this same principle that the transformer operates, with

GND -

QO
O
2t

Q3
04
Q5
065
Q7=
OB
Qup-

LED
%range

<R7
56K

]V Dé& 1””] SPK1
(8\N4 48 4 j320nm

<5
2Bk <RY
2180
0s
- { 2N3904
-~

Fig 3.5 circuit diagram of cut point detector
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3.2.1

CMOS Decade Counter (1-Of-10) CD4017

The CDA0T7 is a S-stage divide-by-ten Johnson counter with 10 decoded outputs

and a carry out bit, Its counter is cleared to the zero count by fogic F(high) onits reset fine

and it advances on the positive edge of the clock signal. Being a Complementary metal

oxide semiconductor CMOS IC, it has the following characteristics.

v

v

Supply voltage is between 3V to 15V

Very high input impedance

Gate propagation time typically 30ns for a signal to travel through the gate
Frequency up to [Milz,

Power consumption is very low, a few microwatts.

Output Q5|1 () | \/ o 16 | Vce

Output Q1[ZJ 15 ] Reset

Output QO[3 | 147) Clock

Qutput Q2(_4—: Chiol7n 13| Disable

Output Q6 [_’5: | 12 |Divide by 10 output

Output 07[ 6 11 IOutput Q9
Output Q3[ 7 [10]Output Q4

GROUND E ;§_~]Output Qs

Fig 3.0 pin contipmation of CHA01?

The disable input should be Tow (0V) for notmat operation. When high it disables,

counting so that clock pulses are ignored and the count is Kept constant. ‘The divide by 10

output is high for counts between 0 and 4 and low for counts between 5 and 9. so it

provides an output at one tenth (1/10) of the clock frequency. Due to the very high
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impedance of the CMOS ICs they do not affect the circuits in which they are part of.
However. it also means that the unconnected input pins casily pick up clectrical sipnals
and rapidly change between high and fow. This characteristic makes the CMOS 10w ful
in this project.

3.2.2 Quard Two Input Nand Gate CD4011

{13]
12]
g

IRRIN

Fig 3.7 1C CD4011 showing its internal connections [10].

The Quard two input NAND gate CD4011 is a CMOS IC and as such has all the
characteristics of CMOS ICs as mentioned in above (Scction 3.3. )] 10]. 1t is used in the
circuit to keep the output of the counter low at a count of zero. This prevents the beep that
would otherwise start when the cut point detector is switched on or when the reset button
is pressed since the divide by ten input of the counter (CDH017) is high at counts between
0to4.

The faulty cable under test is first powered from the tive line of an AC 240V
power source. This alternating voltape sets up an alternating mapnetic flux wound the
cable as tar as the AC voltage can reach. Beyond the cut point there is no flus because

there is no AC voltage. When the probe of the cut point detector is brought very close to

20




the powered cable, a magnetic circuit of very high reluctance is established which induces
a very weak afternating voltage in the probe by mutual induction. This induced alternating
voltage though weak is sufficient 1o clock the CMOS counter because ol it very high
impedance. As the probe is moved along the surface of the powered cable, a point is
reached where there is no flux, hence no voltage is induced in the probe. This is the cut
point.

Continuity is indicated by the continuous blinking and beeping of the LED
(orange in colour) and the astable multivibrator circuit, for a visual and audio indication

frequency of induced voltage [, = (requency of alternating voltage source

. eI L f

frequency of LED blink = -

since the cable is powered with AC mains voltage of frequency 50H 2.

. Sy . 50
then frequency of 11D blink -

S5t
P I

frequency of oscillation of astable multivibrator = - . -
10 1.38R(

- sssau:
10
= 58.8L M=

where [, = frequency ol alternating voltage source
J1 o S
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Chapter Four

Tests, Results and Discussion

The conception of the project came having, experienced some dilficultios working

with insulated cables, then came the design. As an engineer of the 21 century. computer

simulation softwares such as multisim, circuit maker and tina pro were used to ensure the

workability of the designed circuit at different levels. Having confirmed it working.

progress was made by purchasing the clectronic components and implementing the cireuit

on breadboard, after which the components were placed on vero board and soldering

done.

4.1

Testing.

This cireuit worked perfeet after some adjustments were made. The adjustments

were due to some variations in the needed components and available components. This

will be discussed later.

Various parts of the circuit were tested. the different inputs and the correspending

outputs. The results gotten were recorded and are shown in the table below.

Table 4.1 test results of various components in the circuit

Item lnput

“B_Eulcry N nil )
0OV 1o 0.58V
basc  cmitter

Transistor switch | voltage
0.03V and
above

Zenerdiode | 1.5mA
flowing
through  the

zener diode

‘ w()ru't[i'ul

1 9.2volts

Transistor

in cutolT
region
Transistor in
saturation
region
7.5V
voltage drop
across  the

zener diode

29

Discussion

This is a fixed value which may be a |

little higher before initial use and
reduces with time

These are standards with silicon type
semiconductor  with - little or - no

(luctuations

This wasn't what was expected. may

be due to manufacturing defect. Some !
adjustments had to be made in the !

circeuit design for proper operation

i
'
!
|
|
I
|
i
]

-G




The preset variable resistor VR determines the value of resistance in the test
circuit that the tester will regard as continuous and also determines the value or the test
current that will flow through the test circuit.

Table 4.2 test result showing current and corresponding resistance

Value Of VR1 Current Flowing In Resistance Considered
o ~ Test Circuit As Continuous |
Maximum 0.8mA 405 Ohms |

. Sclting é
Center sctting 1.04mA 300 Ohms
Minimum [.omA 202 Ohms f
sctting |

It was also observed that in cut point deteetion, the kind of metal used as the
sensing probe or antenna determines the sensitivity of the cut point detector. Two
ditferent materials were ased for testing and the results are

Table 4.3 testresult showing sensitivity of different metals

~ Material ~ Distance From Cable (cm)
Aluminum 0.5
' wcowmvcr ' 2.0

This also determines the depth in the case of buried cables at which the tester can
be usclul. The length of the probe was also considered and found to vary proportionally
with sensitivity
4.2  Casing

The casing was done with a wooden material. This was used considering cost.
availability and originality, which was intended [rom start to [inish. The physical outlook

of the project is as shown below




/// 1
Q
1) 5 ¢l
o °
O

// 0 (11120
; / e e - —
5 Fig 4.1 isometric and top view of project casing

1 4.3 Construction Tools Used

Most of the instruments used were personal instrument which have been acquired
1 over time. Others were bought for the purposc of the project, while yet others were
i borrowed. These are

*  Multimeter

*  Screw drivers and screws

» Soldering iron, suction tube and soldering lead

» Breadboard, Cutter, blade and connecting wires

»  Hammer and saw




Chapter Five
Conclusion

The constraction of acontinuity tester and cut point detector has been completed,
tested and packaged. 'The aims right from the onset were achicved. The road wasin't casy.
but it was all worth the while. Of all that was desired, all was achieved but one and
further work could be done on this.

Cut point detection requires that the cable under test be powered with the live line
of an AC power supply. This makes the mains power source a very important
requirement, With the high fluctuation v availability of mains power supply. an
alternative AC power was to be part of this project. 'this wasn’t possible because of time
constraint and availabifity of necessary funds even though the circuit 1o accomplish this
was designed.,

5.1  Recommendation

The level of advancement in scicnce and technology is somcthing appreciated by
all. The ease and comfort it brings (o life cannot be overemphasized. All this came to pass
because men worked. “The height which great men attained and are kept was not by
sudden flight, but they while men slept toiled” | 11]. 'The long term aim of this project is
to provide cheap but effective troubleshooting equipment and as such cncourage
troubleshooting.

It is thus recommended that:

e When lurther work is to be done on this project, an alternative AC power source
be included (o reduce the dependence on the mains power supply which will

increase the operational availability of the equipment.
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o The students should be introduced to practicals right from their 100 fevel and also

encouraged to perform practicals on their own.

e ‘The laboratory cquipments should be made available to the stndents not only
during, class practicals but also during their spare time. This would cncourape
students to cmbark on praticals that are beyond the scope of their personal
instruments.

L ]

FFunds should also be made available to students during their final year project to
encourage students whose projects arce capital intensive.
Finally, the continuity tester and cut point detector would aid in fault diagnoses and as

such should be mass produced and used in the departimental laboratory .
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