.S

2 Jnlscmllll‘ PR - reeersrmrrerrsem ey S
F" S W

Basic Circuit Analysis and Trouble
Shooting

(@) %8
W
:‘_“"-u...__ i‘lrl.'
Ry
— loow -
T o0
:h
w2 ©
; A
Ra R
iy iy
100 500

Professional Development Hours (PDH) or
Continuing Education Hours (CE)

Online PDH or CE course

FDA, Inc.




Contact information

www.DiscountPDH.com

fdapdh@gmail.com

Telephone: 713-787-6810

Corporate Mailing address:
2500 Tanglewilde, Suite 220

Houston, Texas 77063

For all your questions and instructor support please contact us via email or phone.
All emails and phone calls are addressed within 24 hours.

Operating hours: 9 am —4 PM central time

Tel: 713-787-6810

Fax: 713-787-6825

Email: fdapdh@gmail.com

FDA, Inc.



http://www.discountpdh.com/
mailto:fdapdh@gmail.com
mailto:fdapdh@gmail.com

Figure 10-161.
Figure 10-162.
Figure 10-163.
Figure 10-164.
Figure 10-167.
Figure 10-168.
Figure 10-169.
Figure 10-170.
Figure 10-171.
Figure 10-172.
Figure 10-173.
Figure 10-174.
Figure 10-175.
Figure 10-176.

Figure 10-177
Figure 10-178
Figure 10-179
Figure 10-180
Figure 10-181

List of Figures

Current measurement

Meter configurations during adjustments

Meter adjustment

Basic test of a capacitor with an ohmmeter
Voltmeter across a resistor in an open circuit.
Using an ohmmeter to check a circuit component.
Using an ohmmeter to locate an open in a circuit component.
A shorted resistor.

A short that does not open the circuit.

Using an ohmmeter to locate a shorted resistor.
Voltmeter connected across resistors.

Finding an open branch in a parallel circuit

A misleading ohmmeter indication.

. A shorted component causes the fuse to open

. An open in the series portion of a series-parallel circuit.

. An open in the parallel portion of a series-parallel circuit.

. An open lamp in a series-parallel circuit.

. Using the voltmeter to troubleshoot a series-parallel circuit.

FDA, Inc.

83
83
84
84
85
86
86
87
87
87
87
88
88

Opening a branch circuit to obtain an accurate ohmmeter reading 88

89
89
89
89
90




BasicCircuitAnalysisand
Troubleshooting

Troubleshooting is the systematic process of recogniz-
ing the symptoms of a problem, identifying the possible
cause, and locating the failed component or conductor
in the circuit. To be proficient at troubleshooting, the
technician must understand how the circuit operates
and know how to properly use the test equipment.
There are many ways in which a system can fail and
to cover all of the possibilities is beyond the scope of

this text. However, there are some basic concepts that
will enable the technician to handle many of the common
faults encountered in the aircraft.

Before starting a discussion on basic circuits and
troubleshooting, the following definitions are given.

« Short circuit — an unintentional low resistance
path between two components in a circuit or
between a component/conductor and ground. It
usually creates high current flow, which will burn
out or cause damage to the circuit conductor or
components.

. Open circuit—a circuit that is not a complete or
continuous path. An open circuit represents an
infinitely large resistance. Switches are common
devices used to open and close a circuit. Some-
times a circuit will open due to a component fail-
ure, such as a light bulb or a burned out resistor.

 Continuity—the state of being continuous, unin-
terrupted or connected together; the opposite of
a circuit that is not broken or does not have an
open.

« Discontinuity—the opposite of continuity, indi-
cating that a circuit is broken or not continuous.

Voltage Measurement

Voltage is measured across a component with a voltme-
ter or the voltmeter position on a multimeter. Usually,
there isa DC and an AC selection on the meter. Before
the meter is used for measurements, make sure that
the meter is selected for the correct type of voltage.
When placing the probes across a component to take
a measurement, take care to ensure that the polarity is
correct. [Figure 10-161] Standard practice is for the
red meter lead to be installed in the positive (+) jack
and the black meter lead to be installed in the negative
meter jack (—). Then when placing the probes across or
in parallel with a component to measure the voltage, the
leads should match the polarity of the component. The
red lead shall be on the positive side of the component
and the black on the negative side, which will prevent
damage to the meter or incorrect readings.

All meters have some resistance and will shunt some
of the current. This has the effect of changing the
characteristic of the circuit because of this change in
current. This is typically more of a concern with older
analog type meters. If there are any questions about the
magnitude of the voltage across a component, then the
meter should be set to measure on the highest voltage
range. This will prevent the meter from “pegging” and
possible damage. The range should then be selected
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Figure10-161.Currentmeasurement.

to low values until the measured voltage is read at the
mid-scale deflection. Readings taken at mid-scale are
the most accurate.

Current Measurement

Current is measured with the ammeter connected in
the current path by opening or breaking the circuit
and inserting the meter in series as shown in Figure
10-161. Standard practice is for the red meter lead to
be installed in the positive (+) jack and the black meter
lead to be installed in the negative meter jack (—).
The positive side of the meter is connected towards
the positive voltage source. Ideally, the meter should
not alter the current and influence the circuit and the
measurements. However, the meter does have some
effect because of its internal resistance that is connected
with the rest of the circuit in series. The resistance is
rather small and for most practical purposes, this can
be neglected.

Checking Resistance in a Circuit

The ohmmeter is used to measure the resistance. In its
more basic form, the ohmmeter consists of a variable

Simplified ohmmeter
(_~ co 0
+
- ,:"
7 Blacklead Red lead %}
Open circuit
Simplified ohmmeter
(_~ oo 0
+
7 Blacklead Red lead i
Shorted circuit

Figure 10-162. Meter configurations during adjustments.

resistor in series with a meter movement and a voltage
source. The meter must first be adjusted before use.

Refer to Figure 10-162 for meter configurations during
adjustments. When the meter leads are not connected
(open), the needle will point to the full left-hand posi-
tion, indicating infinite resistance or and open circuit.
With the lead placed together, the circuit is shorted as
shown with the meter needle to the full right-hand posi-
tion. When a connection is made, the internal battery
is allowed to produce a current through the movement
coil, causing a deflection of the needle in proportion
to the value of the external resistance. In this case, the
resistance is zero because the leads are shorted.

FDA, Inc.
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The purpose of the variable resistor in the meter is to
adjust the current so that the pointer will read exactly
zerowhenthe leads are shorted. This is needed because
as the battery continues to be used, the voltage will
change, thus requiring an adjustment. The meter should
be “zeroed” before each use.

To check the value of a resistor, the resistor must be
disconnected from the circuit. This will prevent any
possible damage to the ohmmeter, and it will prevent
the possibility of any inaccurate readings due to the
circuit being in parallel with the resistor in question.
[Figure 10-163]

Continuity Checks

In many cases, the ohmmeter is not used for measuring
the resistance of a component but to simply check the
integrity of a connection from one portion of a circuit
to another. If there is a good connection, then the
ohmmeter will read a near zero resistance or a short.
If the circuit is open or has a very poor connection at
some point like an over-crimped pin in a connector,
then the ohmmeter will read infinity or some very high
resistance. Keep in mind that while any measurement
is being taken, contact with the circuit or probes should

Simplified ohmmeter
(—v [-5) m 0
AL - |
i} Black lead Red lead *
# K
Isolate from circuit
connectacross resistor
+
- ? Rs3
'lu‘l.'l‘f

Figure 10-163. Meter adjustment.

be avoided. Contact can introduce another parallel path
and provide misleading indications.

Capacitance Measurement

Figure 10-164 illustrates a basic test of a capacitor
with an ohmmeter. There are usually two common
modes of fail for a capacitor. One is a complete failure
characterized by short circuit through the capacitor
due to the dielectric breaking down or an open circuit.
The more insidious failure occurs due to degradation,
which is a gradual deterioration of the capacitor’s
characteristics.

If a problem is suspected, remove the capacitor from
the circuit and check with an ohmmeter. The first step

Simplified ohmmeter

Needle moves full

scale [short]

{_} Blacklead

Red lead 7}

Conventional current
-+

Ay
J1
Initial charging of capacitor behaves like a shorted circuit.

Simplified ohmmeter

Needle moves full
scale (open)

1

{_ Blacklead

Red lead .

Full charge no current

Once charged, the capacitor behaves like an open circuit.

Figure 10-164. Basic test of a capacitor with an ohmmeter.
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is to short the two leads of the capacitor to ensure
that it is entirely discharged. Next, connect the two
leads as shown in Figure 10-164 across the capacitor
and observe the needle movement. At first, the needle
should indicate a short circuit. Then as the capacitor
begins to charge, the needle should move to the left
or infinity and eventually indicate an open circuit. The
capacitor takes its charge from the internal battery of
the ohmmeter. The greater the capacitance, the longer it
will take to charge. If the capacitor is shorted, then the
needle will remain at a very low or shorted resistance. If
there is some internal deterioration of the dielectric, then
the needle will never reach a high resistance but some
intermediate value, indicating a current.

Inductance Measurement

The common mode of failure in an inductor is an
open. To check the integrity of an inductor, it must
be removed from the circuit and tested as an isolated
component just like the capacitor. If there is an open
in the inductor, a simple check with an ohmmeter will
show it as an open circuit with infinite resistance. If in
fact the inductor is in good condition, then the ohm-
meter will indicate the resistance of the coil.

On occasions, the inductor will fail due to overheating.
When the inductor is overheated, it is possible for the
insulation covering the wire in the coil to melt, causing
a short. The effects of a shorted coil are that of reduc-
ing the number of turns. At this point, further testing
of the inductor must be done with test equipment not
covered in this text.

Troubleshooting the Open Faults in Series Circuit
Oneofthemostcommonmodesoffailureisthe “open”
circuit. Acomponent, such asaresistor, can overheat
due to the power rating being exceeded. Other more
frustrating problems can happen when a “cold” solder
joint cracks leaving a wire disconnected from a relay
or connector. This type of damage can occur during
routine maintenance after a technician has accessed
an area for inspections. In many cases, there is no
visual indication that a failure has occurred, and the
soon-to-be-frustrated technician is unaware thatthere
is a problem until power is reapplied to the aircraft
in the final days leading up to aircraft delivery and
scheduled operations.

The first example is a simplified diagram shown in
Figures 10-165 through 10-167. The circuit depicted
in Figure 10-165 is designed to cause current to flow
through a lamp, but because of the open resistor, the
lamp will not light. To locate this open, a voltmeter or
an ohmmeter should be used.

Figure 10-165. An open circuit.
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Figure 10-166. Voltmeter across alamp in an open circuit.
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Figure 10-167.Voltmeter across a resistor in an open circuit.

Tracing Opens with the Voltmeter

A general procedure to follow in this case is to mea-
sure the voltage drop across each component in the
circuit, keeping in mind the following points. If there
is an open in a series circuit, then the voltage drops on
sides of the component. In this case, the total voltage
must appear across the open resistor as per Kirchhoff’s
voltage law.

If a voltmeter is connected across the lamp, as shown
in Figure 10-166, the voltmeter will read zero. Since
no current can flow in the circuit because of the open
resistor, there is no voltage drop across the lamp indi-
cating that the lamp is good.

FDA, Inc.
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Next, the voltmeter is connected across the open resis-
tor, as shown in Figure 10-167. The voltmeter has
closed the circuit by shunting (paralleling) the burned
out resistor, allowing current to flow. Current will
flow from the negative terminal of the battery, through
the switch, through the voltmeter and the lamp, back
to the positive terminal of the battery. However, the
resistance of the voltmeter is so high that only a very
small current flows in the circuit. The current is too
small to light the lamp, but the voltmeter will read the
battery voltage.

Tracing Opens with the Ohmmeter

A simplified circuit as shown in Figures 10-168 and
10-169 illustrates how to locate an open in a series
circuit using the onmmeter. A general rule to keep in
mind when troubleshooting withan ohmmeter is: when
an ohmmeter is properly connected across a circuit
component and a resistance reading is obtained, the
component has continuity and is not open.

When an ohmmeter is used, the circuit component
to be tested must be isolated and the power source
removed from the circuit. In this case, as shown in
Figure 10-168, these requirements can be met by open-

Break --—___ <

P

o
2

Figure 10-168. Using an ohmmeter to check a
circuit component.

Break-.__ =<
-

VA
F
Lo/

Figure 10-169. Using an ohmmeter to locate anopenina
circuit component.

ing the circuit switch. The ohmmeter is zeroed and
across all good components will be zero. The voltage
drop across the open component will equal the total
voltage across the series combination. This condition
happens because the open component will prevent
current to pass through the series circuit. With there
being no current, there can be no voltage drop across
any of the good components. Because the current is
zero, it can be determined by Ohm’s law that E = IR
= 0 volts across a component. The voltage is the same
on both places across (in parallel with) the lamp. In
this testing configuration, some value of resistance is
read indicating that the lamp is in good conditionand
is not the source of the open in the circuit.

Now the technician should move to the resistor and
place the ohmmeter probe across it as shown in
Figure 10-169. When the ohmmeter is connected
across the open resistor, it indicates infinite resistance,
or a discontinuity. Thus, the circuit open has now been
located.

Troubleshooting the Shorting Faults in

Series Circuit

An open fault can cause a component or system not to
work, which can be critical and hazardous. A shorting
fault can potentially be more of a severe nature than
the open type of fault. A short circuit, or “short,” will
cause the opposite effect. Ashort across a series circuit
produces a greater than normal current flow. Faults of
this type can develop slowly when a wire bundle is not
properly secured and is allowed to chafe against the
airframe structure or other systems such as hydraulic
lines. Shorts can also occur due to a careless technician
using incorrect hardware when installing an interior.
If screws that are too long are used to install trim, it
is possible to penetrate a wire bundle immediately
causing numerous shorts. Worse yet, are the shorts
that are not immediately seen but “latent” and do not
show symptoms until the aircraft is in service. Another
pointto keep inmind is when closing panels. Wires can
become pinched between the panel and the airframe
causing either ashort or a latent, intermittent short. The
simplified circuit, shown in Figures 10-170 through
10-172, and Figure 10-173 will be used to illustrate
troubleshooting a short in a series circuit.

InFigure 10-170, acircuit is designed to lightalamp. A
resistor is connected in the circuit to limit current flow.
If the resistor is shorted, as shown in the illustration,
the current flow will increase and the lamp will become
brighter. If the applied voltage were high enough, the
lamp would burn out, but in this case the fuse would
protect the lamp by opening first.

FDA, Inc.
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Figure 10-170. Ashorted resistor.

Figure 10-171. Ashort that does not open the circuit.

Usually a short circuit will produce an open circuit
by either blowing (opening) the fuse or burning out a
circuit component. But in some circuits, such as that
illustrated in Figure 10-171, there may be additional
resistors which will not allow one shorted resistor to
increase the current flow enough to blow the fuse or
burn out a component. Thus, with one resistor shorted
out, the circuit will still function since the power dis-
sipated by the other resistors does not exceed the rating
of the fuse.

Tracing Shorts with the Ohmmeter

The shorted resistor shown in Figure 10-172 can be
located with an ohmmeter. First the switch is opened
toisolate the circuit components. In Figure 10-172, this
circuit is shown with an ohmmeter connected across
each of the resistors. Only the ohmmeter connected
across the shorted resistor shows a zero reading, indi-
cating that this resistor is shorted.

Tracing Shorts with the Voltmeter

To locate the shorted resistor while the circuit is
functioning, a voltmeter can be used. Figure 10-173
illustrates that when a voltmeter is connected across
any of the resistors, which are not shorted, a portion of
the applied voltage will be indicated on the voltmeter
scale. When it is connected across the shorted resistor,
the voltmeter will read zero.

ré'\l 400
(-
O\C li.'.l-i
R1
— 100V
T 00
LA
R2 2
Ra Rs
A\/\/\v ".-'-.'I'.-
o o
100 h50Q

Figure 10-172. Using an ohmmeterto locate
a shortedresistor.

Some voltage

£
WV

—_ Zero

voltage
Short 00
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Figure 10-173.Voltmeter connected acrossresistors.
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Troubleshooting the Open Faults in

Parallel Circuit

The procedures used in troubleshooting a parallel
circuit are sometimes different from those used in a
series circuit. Unlike a series circuit, a parallel cir-
cuit has more than one path in which current flows.
A voltmeter cannot be used, since, when it is placed
across an open resistor, it will read the voltage drop
in a parallel branch. But an ammeter or the modified
use of an ohmmeter can be employed to detect an open
branch in a parallel circuit.

If the open resistor shown in Figure 10-174 was
not visually apparent, the circuit might appear to be
functioning properly, because current would continue
to flow in the other two branches of the circuit. To
determine that the circuit is not operating properly,
a determination must be made as to how the circuit
should behave when working properly. First, the total
resistance, total current, and the branch currents of the
circuit should be calculated as if there were no open
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Figure 10-174. Finding an open branch in a parallel circuit.

in the circuit. In this case, the total resistance can be
simply determined by:
_R
R+ N
Where Ry is the total circuit resistance
N is the number of resistors
R is the resistor value
Re 22 - 100
3
The total current of the circuit can now be determined
by using Ohm’s law:

= Es

T RT

IT is the total current

Es is the source voltage across the
parallel branch

R+is the total resistance of the
parallel branch

1= 30V

10 Q

Where

= 3 amperes (total current)

Each branch current should be determined in a similar
manner. For the first branch, the current is:

= Es
1 Rl
I1 is the current in the first branch
Es is the source voltage across the
parallel branch
R is the resistance of the first branch

= 30v
1730Q

Where

=1 amperes

Because the other two branches are of the same resis-
tive value, then the current in each of those branches
will be 1 ampere also. Adding up the amperes in each
branch confirms the initial calculation of total current
being 3 amperes.

Tracing an Open with an Ammeter

If the technician now places an ammeter in the circuit,
the total current would be indicated as 2 amperes as
show in Figure 10-174 instead of the calculated 3
amperes. Since 1 ampere of current should be flow-
ing through each branch, it is obvious that one branch
is open. If the ammeter is then connected into the
branches, one after another, the open branch will even-
tually be located by a zero ammeter reading.

Tracing an Open with an Ohmmeter

A modified use of the ohmmeter can also locate this
type of open. If the ohmmeter is connected across the
open resistor, as shown in Figure 10-175, an erroneous
reading of continuity would be obtained. Even though
the circuit switch is open, the open resistor is still in
parallel with R1 and Rz, and the onmmeter would
indicate the open resistor had a resistance of 15 ohms,
the equivalent resistance of the parallel combination
of R1and Ro.

Therefore, it is necessary to open the circuit as shown
in Figure 10-176 in order to check the resistance of
Rs. In this way, the resistor is not shunted (paralleled)
by R1and Rz. The reading on the ohmmeter will now

Rs
R1 R2
- 30Q e
— 300 % 300 % =LA
- 3 = __,.-‘ﬂ-- o J
S
Breal’

Figure 10-175. A misleading ohmmeter indication.

Open

R1 Rz R3

o

e

Break

Figure 10-176. Opening a branch circuit to obtain an
accurate ohmmeterreading.
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Figure 10-177. A shorted component causes the fuseto

indicate infinite resistance, which means the open
component has been isolated.

Troubleshooting the Shorting Faults in

Parallel Circuit

As in a series circuit, a short in a parallel circuit will
usually cause an open circuit by blowing the fuse.
But, unlike a series circuit, one shorted componentin
a parallel circuit will stop current flow by causing the
fuse to open. Refer to the circuit in Figure 10-177. If
resistor Rz is shorted, a path of almost zero resistance
will be offered the current, and all the circuit current
will flow through the branch containing the shorted
resistor. Since this is practically the same as connecting
awire between the terminals of the battery, the current
will rise to an excessive value, and the fuse will open.
Since the fuse opens almost as soon as a resistor shorts
out, there is no time to perform a current or voltage
check. Thus, troubleshooting a parallel DC circuit for
a shorted component should be accomplished with
an ohmmeter. But, as in the case of checking for an
open resistor in a parallel circuit, a shorted resistor can
be detected with an ohnmmeter only if one end of the
shorted resistor is disconnected and isolated from the
rest of the circuit.

Troubleshooting the Shorting Faults in
Series-Parallel Circuit

Logic in Tracing an Open

Troubleshooting a series-parallel resistive circuit
involves locating malfunctions similar to those found
in aseries or a parallel circuit. Figures 10-178 through

10-180 illustrate three points of failure in a series-paral-
lel circuit and their generalized effects.

1. In the circuit shown in Figure 10-178, an open has
occurred in the series portion of the circuit. When
the open occurs anywhere in the series portion of
a series-parallel circuit, current flow in the entire
circuit will stop. In this case, the circuit will not
function, and the lamp, L1, will not be lit.

FDA, Inc.
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Figure 10-178. An openin the series portion ofa
series-parallel circuit.
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Figure 10-179. An open in the parallel portion of a
series-parallel circuit.

2. If the open occurs in the parallel portion of a

series-parallel circuit, as shown in Figure 10-179,
part of the circuit will continue to function. In
this case, the lamp will continue to burn, but its
brightness will diminish, since the total resistance
of the circuit has increased and the total current
has decreased.

3. If the open occurs in the branch containing the

lamp, as shown in Figure 10-180, the circuit will
continue to function with increased resistance and
decreased current, but the lamp will not light.

R1
Z Break
R2 L1 d

i _./I\\

i
X

Figure 10-180. An open lamp in a series-parallel circuit.
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Figure 10-181. Using the voltmeter to troubleshoot a
series-parallel circuit.

Tracing Opens with the Voltmeter

To explain how the voltmeter and ohmmeter can be
used to troubleshoot series-parallel circuits, the circuit
shown in Figure 10-181 has been labeled at various
points. A point-to-point description is listed below
with expected results:

1. By connecting a voltmeter between points Aand D,
the battery and switch can be checked for opens.

. By connecting the voltmeter between points Aand
B, the voltage drop across R1 can be checked. This
voltage drop is a portion of the applied voltage.

. If Ry is open, the reading between B and D will
be zero.

. By connecting a voltmeter between A and E, the
continuity of the conductor between the positive
terminal of the battery and point E, as well as the
fuse, can be checked. If the conductor or fuse is
open, the voltmeter will read zero.

. If the lamp is burning, it is obvious that no open
exists in the branch containing the lamp, and the
voltmeter could be used to detect an open in the
branch containing Rz by removing lamp, L1, from
the circuit.

Troubleshooting the series portion of a series-parallel
circuit presents no difficulties, but in the parallel portion
of the circuit, misleading readings can be obtained.
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