Operation, Inspection,
Maintenance, and Troubleshooting
of Reciprocating Engines

RECIPROCATING-ENGINE OPERATION

Starting Reciprocating Engines

The starting of an engine can be a relatively simple matter,
or it can be a very complex and critical operation, depend-
ing on the size and type of engine. The following proce-
dures are typical of those used to start reciprocating
engines. There are, however, wide variations in procedures
used for many reciprocating engines. No attempt should
be made to use the methods presented here for actually
starting an engine. Instead, always refer to the procedures
contained in the applicable manufacturer’s instructions.

Engine-Starting Precautions

Although the starting of an aircralt engine is a relatively
simple procedure, certain precautions should be taken to
obtain the best results and to avoid damage to the engine
and injury to personnel.

Aircraft service personnel should acquire the following
safety habits:

1. Treat all propellers as though the ignition switches
were on.

2. Chock airplane or test stand wheels before working
around the engine.

3. After an engine run and before the engine is shut

down, perform an ignition switch test to detect a faulty

ignition circuit.

4. Before moving a propeller or connecting an external
power source to an aircraft, be sure that the aircraft is
chocked, the ignition switches are in the ofF position, the
throttle is closed, the mixture is in the IDLE CUTOFF position,
and all equipment and personnel are clear of the propeller
or rotor. Faulty diodes in aircraft electric systems have
caused starters to engage when external power was applied,
regardless of the switch position.

5. Remember, when you are removing an external
power source from an aircraft, keep the equipment and
yourself clear of the propeller or rotor.

6. Always stand clear of the rotor and propeller blade
path, especially when you are moving the propeller. Be par-
ticularly cautious around warm engines.

7. The ground or pavement near the propeller should be
checked for loose items which might be drawn into an
operating propeller.

Ground support personnel who are in the vicinity of air-
craft that are being run up need to wear proper eye and ear
protection. Ground personnel must also exercise extreme
caution in their movements about the ramp; a great number
of very serious accidents have involved personnel in the
area of an operating engine.

Ground Engine Fire

If an engine fire occurs while the engine is being started,
move the fuel shutoff lever to the off position. Continue
cranking or motoring the engine until the fire has been
expelled from the engine. If the fire persists, carbon diox-
ide (CO,) can be discharged into the inlet duct while the
engine is being cranked. Do not discharge CO, directly into
the engine exhaust, because it may damage the engine. If
the fire cannot be extinguished, secure all switches and
leave the aircraft.

If the fire is on the ground under the engine overboard
drain, discharge the CO, on the ground rather than on the
engine. This also is true if the fire is at the tailpipe and the
fuel is dripping to the ground and burning.

Starting Procedures

Engine-starting procedures will vary for different fuel
metering devices. Starting procedures for float carburetors,
Bendix fuel injection, and Continental continuous-flow
injection systems are described for familiarization purposes
only. Specific starting procedures are set forth in the opera-
tor’s manual. It is extremely important that the operator be
thoroughly familiar with the cockpit switches and the
engine controls before attempting to start the engine. Figure
9-1 illustrates the standard knob shapes for the common
engine controls, and a typical control console for a light
twin-engine aircraft. It is important to remember, however,
that these standard control knob shapes may not be found
on many older aircraft.

Starting Procedure for Float Carburetors

1. Set the master switch to on.

2. Turn on the boost pump if needed.

3. Open the throttle approximately ' in [1.27 cm].

4. If the engine is equipped with a constant-speed pro-
peller, the propeller control should be set in the FuLL
INCREASE position.
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FIG. 9-1 Engine control console and standard knob shapes.

5. Set the carburetor heat lever to the coLp (off) posi-
tion.

6. Set the mixture lever in the FULL RICH position.

7. Clear the propeller.

8. Turn the ignition switch to the starT position. (On
most modern aircraft, this will also allow the magnetos to
be energized.)

9. Release the ignition switch. (When the ignition
switch is released from the START position, it is spring-
loaded to return to the BoTH position. This action will deen-
ergize the starter circuit and leave the magnetos in the ON
position.)

10. Check for oil pressure.

Bendix Fuel Injection Starting Procedure

The starting procedure for an engine equipped with an RSA
fuel injection system has been designed to avoid flooding
the engine and to provide positive results. The normal steps
for a cold start are as follows:

1. Put the mixture control in the IDLE CUTOFF position.
2. Adjust the throttle to % in (3.18 mm) open.
3. Turn on the master switch.

4. Turn on the fuel boost pump switch.

5. Move the mixture control to FuULL rRicH until the fuel
flow gage reads 4 to 6 gal/h [15.14 to 22.7 L/h]; then
immediately return the control to ibLE cutorr. If the aircraft
does not have a fuel flow indicator, put the mixture control
in the FuLL ricH position for 4 to 5 s and return it to IDLE
cutorr. Placing the mixture control in the FULL RICH position
allows fuel to flow through the nozzles into the intake man-
ifold to prime the engine.

6. Clear the propeller.

7. Turn the ignition switch to the START position.

8. As soon as the engine starts, move the mixture con-
trol to FULL RICH.

9. Release the ignition switch.

10. Check for oil pressure,

When a hot or warm engine is being started, it is proba-
bly not necessary to prime the engine; otherwise, the proce-
dure is the same as for a cold-engine start.

Continental Continuous-Flow Fuel
Injection Starting Procedures

1. Turn the ignition switches to on.
2. Open the throttle approximately /2 in [1.27 cm].
3. Set the propeller pitch lever full forward to HIGH

. Set the mixture lever full forward to FULL RICH.

. Clear the propeller.

. Turn the auxiliary fuel pump switch to the prIME
position. Avoid leaving the auxiliary fuel pump switch in
either the PRIME or oN position for more than a few seconds
unless the engine is running.

7. Turn the ignition switch to starT when the fuel flow
reaches 2 to 4 gal/h [7.57 to 15.14 L/h]. (Read the fuel
pressure gage.) If the engines are warm, first turn the igni-
tion switch to starT, then turn the auxiliary pump switch to
PRIME.

8. Release the ignition switch as soon as the engine
fires.

9. Turn off the auxiliary fuel pump switch when the
engine runs smoothly. During very hot weather, if there is a
sign of vapor in the fuel system (indicated by fluctuating
fuel flow) with the engine running, turn the auxiliary fuel
pump switch to o~ until the system is purged.

10. Check for an oil pressure indication within 30 s in
normal weather and 60 s in cold weather. If no indication
appears, shut off the engine and investigate.

11. Disconnect the external power source, if used.

12. Warm up the engine at 800 to 1000 rpm.
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Starting Large Reciprocating Engines

Large radial engines installed on the DC-3, DC-6,
Constellation, and other large aircraft should be started
according to the manufacturer’s instructions. The steps in
starting are similar to those used for light-aircraft engines,
but additional precautions are necessary. First. a fire guard
should be placed to the rear and outboard of the engine
being started, in case the engine backfires and fire burns in
the engine induction system. The fire guard should have an
adequate supply of carbon dioxide gas in suitable fire extin-
guisher bottles in order to immediately direct the gas into
the engine induction system. The engine should be kept
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turning so that the fire will be drawn into the cylinders.
Often it is not even necessary to use the extinguisher
because the air rushing into the engine carries the fire with
it and as the engine starts, the fire cannot continue to burn
in the induction system.

Before any attempt to start a large reciprocating engine,
the engine should be rotated several complete revolutions
to eliminate the possibility of liquid lock, caused by oil in
the lower cylinders. If the engine stops suddenly while
being rotated by hand or with the starter, oil has collected
in a lower cylinder, and the oil must be removed before the
engine can be started. This is best accomplished by remov-
ing a spark plug from the cylinder. It is not recommended
that the engine rotation be reversed to clear the oil. After
the oil is drained from the cylinder, the spark plug can be
replaced and the engine started.

For large reciprocating engines, priming is usually
accomplished by means of a fuel pressure pump and an
electrically operated priming valve. The fuel is carried from
the primer to a spider (distributing fitting) and then to the
top cylinders of the engine. This applies to a radial engine,
either single- or twin-row. In a nine-cylinder radial engine,
the top five cylinders of the engine receive priming.
Priming is accomplished by pressing the priming switch
while the fuel booster pump is turned on. '

Large reciprocating engines may have direct-cranking
starters similar to those used on light-aircraft engines but
much more powerful, or they may have inertia starters in
which the cranking energy is stored in a rapidly rotating
flywheel. With the inertia starter, the flywheel must be
energized by an electric motor or hand cranked until
enough energy is stored to turn the engine for several revo-
lutions. The engage switch is then turned on to connect the
flywheel reduction gearing to the crankshaft through the
starter jaws. A plate clutch, located between the flywheel
and starter jaws, allows slippage to avoid damage due to
inertial shock when the starter is first engaged.

With the engine properly primed, the throttle set, and the
ignition switch on, the engine should start very soon after it
is rotated by the starter. The throttle is then adjusted for
proper warm-up speed.

Hand Cranking

Hand cranking of a starter-equipped engine with a low bat-
tery or defective starter, although convenient, can expose
personnel to a potential safety hazard. For safety reasons,
the replacement of the faulty starter and the use of a ground
power source should be considered rather than hand crank-
ing. Only experienced persons should do the hand crank-
ing, and a reliable person should be in the cockpit. Hand
cranking with the cockpit unoccupied has resulted in many
serious accidents.

If the aircraft has no self-starter, the engine must be
started by swinging the propeller. The person who is turn-
ing the propeller calls out, “fuel on, switch off, throttle
closed, brakes on.” The person operating the engine will
check these items and repeat the phrase. The switch and
throttle must not be touched again until the person swing-
ing the prop calls “contact.” The operator will repeat “con-
tact” and then turn on the switch. Never turn on the switch
and then call “contact.”

When you are swinging the prop, a few simple precau-
tions will help to avoid accidents. When you are touching a

propeller, always assume that the ignition is on. The
switches which control the magnetos operate on the princi-
ple of short-circuiting the current to turn off the ignition. If
the switch is faulty, it can be in the ofF position and still
permit current flow in the magneto primary circuit.

Be sure the ground is firm. Slippery grass, mud, grease,
or loose gravel can lead to a fall into or under the propeller.
Never allow any portion of your body to get in the way of
the propeller. This applies even though the engine is not
being cranked.

Stand close enough to the propeller to be able to step
away as it is pulled down. Stepping away after cranking is a
safeguard against brake failure. Do not stand in a position
that requires leaning toward the propeller to reach it. This
throws the body off balance and could cause you to fall into
the blades when the engine starts. In swinging the prop,
move the blade downward by pushing with the palms of the
hand. Do not grip the blade with the fingers curled over the
edge, since kickback may break them or draw your body
into the blade path.

Operating Requirements

The operation of any reciprocating engine requires that cer-
tain precautions be observed and that all operations be kept
within the limitations established by the manufacturer.
Among the conditions which must be checked during the
operation of an engine are the following:

Engine oil pressure
Oil temperature
Cylinder-head temperature (CHT)
Engine rpm
Manifold pressure
Drop in rpm during switching to single-magneto
operation
7. Engine response to propeller controls, if a constant-
speed (controllable-pitch) propeller is used with the engine
8. Exhaust gas temperature (EGT)
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Oil Pressure and Temperature Check

No engine should be operated at high-power settings unless
its oil pressure and temperature are within satisfactory lim-
its; otherwise, oil starvation of bearings and other critical
parts will occur, thus potentially causing permanent engine
damage. For this reason, a reciprocating engine must be
properly warmed up before full-power operation is begun.
When the engine is started, the oil pressure gage should be
observed to see that the oil pressure system is functioning
satisfactorily. If no oil pressure is indicated within 30 s
after starting, the engine must be shut down and the mal-
Sfunction located. 1f the engine is operated without oil pres-
sure for much more than 30 s, damage is likely to result.
Prior to takeoff, the reciprocating engine should be
given an ignition check and a full-power test. This is usual-
ly done while the airplane is parked just off the end of the
takeoff runway in a warm-up area. For the magneto check,
the throttle is moved slowly forward until the engine rpm is
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at the point recommended by the manufacturer. This is usu-
ally from 1500 to 1800 rpm, although it may be outside this
range. To make the check, the ignition switch is turned
from the BoTH position to the LEFT magneto position and the
tachometer is observed for rpm drop. The amount of drop is
noted, and then the switch is turned back to the BoTH posi-
tion for a few seconds until the engine is again running
smoothly at the full-test rpm. The switch is then turned to
the rRIGHT magneto position for a few seconds so the rpm
drop can be noted. The engine should not be allowed to
operate for more than a few seconds on a single magneto
because of possible plug fouling.

The permissible rpm drop during the magneto test
varies, but it is usually between 50 and 125 rpm. In all
cases the instructions in the operator’s manual should be
followed. Usually the rpm drop will be somewhat less than
the maximum specified in the instructions.

When the magnetos are checked on an airplane having a
constant-speed or controllable-pitch propeller, it is essential
that the propeller be in the full HiGH-rRPM (low-pitch) posi-
tion; otherwise, a true indication of rpm drop may not be
obtained.

Check of Constant-Speed Propeller Pitch

The propeller is checked to ensure proper operation of the
pitch control and the pitch change mechanism. The opera-
tion of a controllable-pitch propeller is checked by the
indications of the tachometer and manifold pressure (MAP)
gages when the propeller governor control is moved from
one position to another. During this check, the propeller is
cycled so as to circulate the cold oil from the propeller hub
and to allow warmer oil to enter the hub. To cycle the pro-
peller, the operator moves the propeller control in the cock-
pit rapidly to the full-decrease rpm position. As the engine
rpm begins to slow down, the control is moved back to the
full-increase rem position. Cycling of the propeller is done
during the run-up with the engine set at approximately
1600 to 2000 rpm. Usually the engine speed is not allowed
to drop more than 500 rpm during this procedure. Because
each type of propeller requires a different procedure, the
applicable manufacturer’s instructions should be followed.

The engine should be given a brief full-power check.
This is done by slowly advancing the throttle to the full-for-
ward position and observing the maximum rpm obtained. If
the rpm level and MAP are satisfactory and the engine runs
smoothly, the throttle is slowly retarded until the engine has
returned to the desired idling speed.

When making the full-power check, the operator must
make sure that the airplane is in a position which will not
direct the propeller blast toward another airplane or into an
area where damage to property, or injury or inconvenience
to personnel, may be caused. The operator should also
make sure that the brakes are on and that the elevator con-
trol is pulled back, if the airplane has conventional landing
gear.

Power Settings and Adjustments

During operation of an airplane, the engine power settings
must be changed from time to time for various types of
operation. The principal power settings are for takeoff,
climb, cruises (from maximum to minimum), letdown, and
landing.

The methods for changing power settings differ accord-
ing to the type of engine, type of propeller, whether the
engine is equipped with a supercharger, type of carburetion,
and other factors. The operator’s manual will give the prop-
er procedures for a particular airplane-engine combination.

The following rules generally apply to most airplanes
and engines:

1. Always move the throttle slowly for a power increase
or decrease. “Slowly” in this case means that the throttle
movement from full open to closed, or the reverse, should
require 2 to 3 s rather than the fraction of a second required
to “jam” the throttle forward or “jerk™ it closed.

2. Reduce the power setting to the climb value as soon
as practical after takeoff if the specified climb power is less
than maximum power. Continued climb at maximum power
can produce excessive CHT and detonation. This is particu-
larly true if the airplane is not equipped with a CHT gage.

3. Do not reduce power suddenly when the CHT is high
(at or near the red line on the gage). The sudden cooling
which occurs when power is reduced sharply will often
cause the cylinder head to crack. When you are preparing
to let down, reduce the power slowly by increments to
allow for a gradual reduction of temperature.

4. When you are operating an airplane with a constant-
speed propeller, always reduce MAP with the throtile
before reducing the rpm with the propeller control.
Conversely, always increase the rpm with the propeller
control before increasing MAP. If the engine rpm setting is
too low and the throttle is advanced, it is possible to devel-
op excessive cylinder pressures with the consequences
explained previously. The operator of an engine should
become familiar with the maximums allowable for the
engine and then make sure that the engine is operated with-
in these limits. Remember that a constant-speed propeller
holds the engine rpm to a particular value in accordance
with the position of the propeller control. When the throttle
is moved forward, the propeller blade angle increases and
MAP increases, but the rpm remains the same.

Follow these basic rules when you are changing power
on an engine equipped with a constant-speed propeller:

a. To increase power, enrich the mixture, increase
the rpm, then adjust the throttle.

b. To decrease power, reduce the throttle, reduce the
rpm, and then adjust the mixture.

5. During a prolonged glide with power low (throttle
near closed position) “clear the engine” occasionally to pre-
vent spark plug fouling. This is done by advancing the
throttle to a medium-power position for a few seconds. If
the engine runs smoothly, the power may be reduced again.

6. Always place the manual mixture control in the FULL
RICH position when the engine is to be operated at or near
full power. This helps prevent overheating. The engine
should be operated with the mixture control in a LEAN posi-
tion only during cruise, in accordance with the instructions
in the operator’s manual. When power is reduced for let-
down and in preparation for landing, the mixture control
should be placed in the FULL RrICH position. Some mixture
controls and carburetors do not include a FULL RICH setting.
In this case the mixture control is placed in the RICH posi-
tion for high power and takeoff.

7. If there is any possibility of ice forming in the carbu-
retor while power is reduced for a letdown preparatory to
landing, it is necessary to place the carburetor heat control
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in the HEAT oN position. This is a precautionary measure
and is common practice for all engines in which carburetor
icing may occur.

8. At high altitude, adjust the mixture control to a posi-
tion less rich than that used at low altitudes. The density of
air at high altitudes is less than at lower altitudes; therefore,
the same volume of air will contain less oxygen. If the
engine is supercharged, the increase in altitude will not be
of particular consequence until the capacity of the super-
charger is exceeded. Usually the MAP gage will provide
information helpful for proper adjustment of the mixture
control; however, an accurate EGT gage is considered
essential for leaning the mixture for cruise power at alti-
tudes normally flown.

Cruise control is the adjustment of engine controls to
obtain the results desired in range, economy, or flight time,
Since an engine consumes more fuel at high power settings
than at lower settings, obviously maximum speed and max-
imum range or economy cannot be attained with the same
power settings. If a maximum-distance flight is to be made,
it is desirable to conserve fuel by operating at a low power
setting. But if maximum speed is desired, it is necessary to
use maximum power settings with a decrease in range
capability.
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Range and Speed Charts

The charts presented in Fig. 9-2 were developed for the
operation of the Piper PA-23-160 aircraft. The chart on the
left shows the effects of power settings on range, and the
chart on the right shows how power settings and true air-
speed (TAS) are related. From these charts we can easily
determine the proper power settings for any flight within
the range of the airplane, taking into consideration the
flight altitude, flight distance, and desired flight time.

If we wish to make a flight of 900 mi [l 448.40 km] at
an altitude of 6500 ft [1 981.20 m], we can determine the
flight values for maximum speed or maximum range or
choose a compromise setting. If we wish to make the flight
in the shortest possible time, 75 percent of the engine
power is used. With this setting (2400 rpm and full throt-
tle), the TAS will be about 175 mph [281.63 km/h] and the
flight will take 5.14 h, assuming no tail wind or head wind.
At this setting the fuel consumption will be 18.8 gal/h
[71.17 L/h]; therefore, the flight will require 96.7 gal
[366.05 L] of fuel. If we wish to make this same flight with
maximum economy, we may operate the engines at 45 per-
cent of power with the mixture control leaned as far as
good engine operation will permit. At this power setting,
the TAS will be about 128 mph [205.99 km/h], and the fuel
required for the trip will be about 77.7 gal [294.13 L]. The
time required for the flight will be about 7 h.

We would seldom operate the engine at the extremes
mentioned above, because the recommended power setting
for cruise conditions is 65 percent of power. For flight at an
altitude of 9500 ft [2895.6 m], this would provide a TAS of
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FIG. 9-2 Charts showing range and airspeed in relation to power setting.
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about 166 mph [267.14 km/h]. If we wished to operate
more economically or with greater range, we would proba-
bly use a power setting about 55 percent of maximum.

Power Settings

To set the controls of an engine for a particular power out-
put, the MAP and rpm are adjusted according to density
altitude when the airplane is equipped with constant-speed
propellers. Figure 9-3 shows the settings for the Lycoming
0-320-B opposed engine. This table is adjusted for the use
of pressure altitude at standard temperature T instead of
density altitude. Observe the following facts regarding the
settings for MAP and rpm:

I. Ata given rpm and a given power setting, MAP must
be decreased as altitude increases. This is because the T, of
the air decreases and the density therefore increases. Thus,
a given volume of air at a certain pressure will have a
greater weight as altitude increases, and MAP must be
reduced to maintain constant power.

2. When the engine is operated at higher rpm, a lower
MAP is used to maintain the same power.

3. At a certain level of altitude. MAP can no longer be
maintained because of the reduction in atmospheric pres-
sure. This is the point in the chart shown as FT, meaning
full throttle. '

4. At 55 percent of rated power, the power can be main-
tained up to 15,000-ft [4 572-m] pressure altitude. An out-
put of 75 percent power can be maintained only up to about
7000-ft [2 133.6-m] pressure altitude.

5. MAP settings must be adjusted to maintain a particu-
lar power output if the outside air temperature is above or
below the standard given in the chart.

Stopping Procedure

Usually an aircraft engine has cooled sufficiently for an
immediate stop because of the time required to move the
airplane into the parking area. It is good practice, however,
to observe the CHT gage to see that the CHT is somewhat
under 400°F [204.44°C] before stopping. If the engine is
equipped with an idle cutoff on the mixture control, the
engine should be stopped by placing the control in the IDLE
cuTorF position. Immediately after the engine stops, the
ignition switch must be turned off. If the airplane is
equipped with cowl flaps, the flaps should be left in the
OPEN position until atter the engine has cooled.

After stopping the engine, check that all switches in the
cockpit are set to orr. This is especially important for the
ignition switches and the master battery switch. Check that
all wheel chocks are installed, and release the parking brake
to prevent undue stress on the brake system.

ENGINE OPERATING CONDITIONS

Leaning the Mixture

With the mixture in the FULL RICH position, a predetermined
mixture of fuel and air is used. For takeoff, a mixture set-
ting of FuLL ricH is used. This setting ensures the best com-
bination of power and cooling.

120 hp [89.48 kW]—

75% rated
Press. Std. 88 hp [65.62 kW]—55% rated 104 hp [77.55 kW]—65% rated  Approx. fuel 9 gal’h
alt. a1 Approx. fuel 7 gal/h [26.50 L/h] Approx. fuel 8 gal/h [30.28 L/h] [34.07 L/h]
1000 ft temp., rpm & man. press. rpm & man. press. rpm & man. press.
[304.80 m]  °F [°C] 2100 2200 2300 2400 2100 2200 2300 2400 2200 2300 2400
SL 59 [15.0] 22.0 213 20.6 19.8 244 236 228 2251 259 252 243
1 55 [12.8] 21.7 200 203 19.6  24.1 23.3 22.5 21.8 256 249 24.0
2 52 [11.1] 2.4 207 201 19:3 238 23.0 223 21.5 25.0 243 235
3 48 [8.9] 21.1 20.5 19.8 19.1 23.5 229 220 212 25.3 24.6 23.8
4 45 [7.2] 20.8  20.2 19.6 189  23.1 224 217 21.0 247 240 232
5 41 [5.0] 20.5 19.9 19.3 18.6 228 22.1 214 20.7 FT 23.7 23.0
6 38 [3.3] 20.2 19.6 19.0 184 225 21.8 21.2 205 FT 22.7
7 34 [1.1] 19.9 19.3 18.8 18.2. 222 21,5 208 202 FT
8 31 [-0.56] 19.5 19.0 18.5 18.0 FT 21.2  20.6 19.9
9 27 [-2.8] 19.2 18.8 18.3 L7.7 FT 20.3 19.7
10 23 [-5.0] 18.9 18.5 18.0 175 FT 19.4
11 19 [-7.2] 18.6 18.2 17.8 7.3 FT

12 16 [—8.9] 18.3 g 173 17.0
13 12 [-11.1] FT 17.6 17.3 16.8
14 9 [—12.8] 5t 17.0 16.6
15 5[-15.0] FT 16.3

To maintain constant power, correct manifold pressure approximately 0.15 in Hg for each 10°F variation in carburetor air temperature from standard altitude
temperature. Add manifold pressure for air temperatures above standard: subtract for temperatures below standard.

FIG. 9-3 Power setting chart for Lycoming Model O-320-B, 160-hp [119.31-kW], engine.
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As an aircraft climbs, the air becomes less dense. On the
FULL RICH setting, the carburetor is putting out about the
same amount of fuel, but there is less air to mix with it, so
the mixture gets richer. If the aircraft climbs high enough,
the F/A ratio becomes too great for smooth operation. Not
only will the engine run roughly, but also fuel will be wast-
ed. The purpose of the fuel metering device is to establish
the optimum F/A ratio for all operating conditions.

The two basic types of fuel metering devices discussed
are the float carburetor and fuel injection. The general pro-
cedures for leaning at the manufacturer’s recommended
cruise power are as follows:

1. Float-type carburetor
a. Fixed-pitch propeller. Lean to a maximum
increase in rpm and airspeed or to the point just
before engine roughness occurs. Engine roughness is
not detonation at cruise power, but is caused because
the leanest cylinder does not fire due to a very lean
F/A mixture which will not support combustion in
that cylinder.
b. Controllable-pitch propeller. Lean the mixture
until engine roughness is encountered, and then
enrich slightly until roughness is eliminated and
engine runs smoothly. There may be a slight increase
of airspeed noted in smooth air when the mixture is
properly leaned at cruise compared to full rich.
2. Fuel injection. Because of the various models of fuel
injectors used, the operator must consult the operating
handbook for specific leaning instructions.

However, as a basic technique, at the manufacturer’s
recommended cruise power limitation, with a manual mix-
ture control, lean initially by reference to the fuel flow (if
available) for the percentage of cruise power, without
exceeding the manufacturer’s recommended limits. Then,
for more precise leaning, if an EGT reading is available,
find peak EGT without exceeding limits, and operate
there.

If the EGT and fuel flow are not available, then lean to
just before engine roughness, or to a slight airspeed loss.

The EGT method of mixture control relies on a thermo-
couple in the exhaust stack not far from the exhaust valve.
To see the effect of mixture control, the operator may watch
the EGT gage as the mixture is leaned from the FULL RICH
position. This is illustrated in Fig. 9-4. At FuLL RICH, a large
amount of excess fuel is unburned, which cools the exhaust
gases and results in a lower EGT reading. As the mixture is
leaned, the amount of excess fuel is reduced and the tem-
perature climbs. At the point where there is complete burn-
ing of the F/A mixture, the peak EGT is realized. Leaning
past this point results in a cooling effect caused by excess
air, and the engine nears a condition of lean misfire. The
mixture is then said to be on the lean side of peak EGT.
Peak EGT is the key to the EGT method of mixture control.

Of course, the meter reading for peak EGT will vary
with the power setting, altitude, outside air temperature,
and whether or not the cylinder monitored is functioning
normally.

As the mixture is leaned from the FuLL RICH position, the
airspeed will increase along with the EGT up to a point

*PEAK EGT —>

FUEL
COOLING

FIG. 9-4 EGT changes with mixture leaning.
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approximately 100°F [55.5°C] to the rich side of peak
EGT. This is the mixture setting for maximum power. If
leaning of the mixture is continued until the peak EGT is
reached, the airspeed will decrease approximately 2 mph
[3.2 km/h]. Fuel economy and the aircraft range, however,
will be increased by about 15 percent.

Problems Caused by Spark Plug Lead
Fouling

Many aircraft engines designed to operate on 80/87-octane
avgas are forced to use 100LL (low-lead) avgas because of
the reduction in the availability of 80/87 avgas. Although
the engines are approved to operate on 100LL avgas, this
presents the problem of spark plug fouling because 100LL
avgas contains four times the TEL (tetraethyl-lead) of
80/87-octane avgas. Normally 80/87 avgas has a lead con-
tent of 0.5 mL/gal whereas 100LL has 2.0 mL/gal. The
engine’s ability to scavenge the extra lead from the cylinder
is greatly decreased while operating on 100LL avgas. As a
result, lead deposits on the spark plugs, causing fouling of
spark plug electrodes. This spark plug fouling can cause
many operational problems and can increase the need for
spark plug cleaning.

The solution to operating on 100LL avgas in an engine
designed to operate on 80/87 is twofold. First, it is recom-
mended that optimum mixture control be chosen to prevent
excess lead buildup. Even with proper mixture control, it
may not be possible to get the spark plug performance
desired. To supplement mixture control procedures, a fuel
treatment such as TCP (tricresyl phosphate) can be mixed
with the fuel in the tank or mixed with fuel as it is dis-
pensed into the tank. TCP reduces spark plug fouling by
making the lead less conductive and less corrosive to the
electrodes. It also softens the lead deposits formed, which
can help in the scavenging of lead deposits from the com-
bustion chamber. TCP is generally not used in tur-
bocharged engines or engines that do not experience lead-
related problems. Therefore, it is not used as a standard fuel
additive.

Certain techniques of ground engine operation can aid in
prevention of spark plug fouling when 100LL avgas is used
in engines designed for 80/87 avgas: Let the engine idle as
little as possible because of the rich mixture used during
idle; apply the power smoothly, and never open the throttle
abruptly during normal takeoffs; run the engine to about
1000 rpm when shutting down the engine, and then move
the mixture to IbLE cuTOFF. These are just a few examples of
techniques for reducing spark plug fouling. The engine
operator’s handbook should always be consulted for specif-
ic instructions on engine operation.

RECIPROCATING-ENGINE
OPERATIONS IN WINTER

Winterization Procedures

Cold-weather operation of an aircraft engine involves spe-
cial preparations and precautions compared to normal-
weather operation. Vaporization of the fuel becomes diffi-
cult, and the high viscosity of oil causes reduced cranking
speed with accompanying high loads on the starter,

Often the engine accessories fail because of congealed
oil. This is very clear from the increased number of oil
cooler failures on reciprocating engines in cold weather.
Excessive fuel priming washes the oil from the piston rings
and cylinder walls, causing the piston to scuff and score the
cylinders.

Some aircraft use winterizing kits to maintain desired
engine operating temperatures and to prevent oil coolers
and vapor vent lines from freezing. Attention to details,
such as warming up the engine before takeoff and allowing
the engine to cool down prior to shutting it off, pays divi-
dends in reduced maintenance and extended engine life.
Winter operation should include a check of the carburetor
air heat system and the degree of heat rise available. At the
same time, the engine idle rpm and mixture, with and with-
out carburetor air heat, should be checked.

The crankcase breather should be checked in preparing
for cold weather. Frozen breather lines have created numer-
ous problems. Most of the water of combustion goes out of
the exhaust; however, some water enters the crankcase and
is vaporized. When the vapor cools, it condenses in the
breather line, subsequently freezing it closed. Special pre-
flight care is recommended to ensure that the breather sys-
tem is free of ice.

Draining Sumps

Proper draining of the sump is very important during the
preflight check. Sufficient fuel should be drawn off into a
transparent container to see if the fuel is free of water and
contaminants. This is especially important during changes
in temperature, particularly near freezing. Ice, which may
turn to water when the temperature rises, may be in the
tanks and filter down into the carburetor or fuel controller,
causing engine failure. Water can freeze in lines and filters,
causing stoppage. A small amount of water, when frozen,
can prevent proper operation of fuel pumps, selector valves,
and carburetors.

Anti-lcing Additives

Although proper fuel sampling and proper draining of the
sump are essential in preventing ice formation due to free
water in the fuel, they will not eliminate the hazard of ice
blockage of fuel flow. Under certain conditions, water in
suspension or solution may form ice crystals, Since water
in suspension or solution is not removed by the sump, the
formation of ice crystals must be prevented by anti-icing
additives, such as isopropyl alcohol or EGME (ethylene
glycol monomethyl ether), in the fuel. Both additives
absorb water and lower the freezing point of the mixture.
When alcohol or EGME is used, instructions for proper use
must be carefully followed.

Engine Preheating

Preheating an engine consists of forcing heated air into the
engine area to heat the engine, lubricants, and accessories.
Preheating is required for most aircraft reciprocating
engines when outside temperatures are +10°F [-12.2°C]
and below, as stipulated in the manufacturer’s instructions.
This does not mean that the engine will refuse to start after
setting out in such an extremely cold environment, but
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starting without preheating has frequently caused engine
damage. Some types of damage are scored cylinders,
scuffed piston skirts, and broken piston rings. The applica-
tion of heat to only the cylinder area fails to ensure that the
entire oil system is adequately heated. At temperatures of
+10°F [-12.2°C] and below, preheating of the complete
engine, oil supply tank, and oil system is required.

Engine Preheating Precautions

The following recommendations regard aircraft preheating:

|. Preheat the aircraft by storing in a heated hangar, if
possible.

2. Use only heaters that are in good condition, and do
not refuel the heater while it is operating.

3. During the heating process, do not leave the aircraft
unattended, and keep a fire extinguisher handy.

4. Do not place heat ducting so that it will blow hot air
directly on combustible parts of the aircraft, such as uphol-
stery, canvas engine covers, or flexible fuel, oil, and
hydraulic lines.

Engines are designed and built to provide many years of
service. For an engine to remain in airworthy condition, it
should be operated in accordance with the recommenda-
tions of the manufacturer and cared for with sound inspec-
tion and maintenance practices. Many important points to
be observed in the inspection and maintenance of an air-
craft engine are explained in the following sections.

A visual inspection is needed to determine the current
condition of the engine and its components. The repair of
discrepancies is required to bring the engine back up to air-
worthy standards. To keep the aircraft in airworthy condi-
tion, the manufacturer may recommend that certain services
be performed at various operating intervals. Also, before an
engine is serviced, consult the handbooks and manuals
issued by the manufacturers of the equipment for that par-
ticular make, model, and type of engine. The following
general instructions apply broadly to all aircraft reciprocat-
ing engines.

During an inspection, a checklist must be used that
meets the scope and detail of FAR 43, Appendix D. Most
manufacturers have developed checklists that meet or
exceed the scope and detail of Appendix D. According to
FAR 43, Appendix D, each person performing an annual or
100-h inspection must inspect components of the engine
and nacelle group as follows:

I. Engine section—for visual evidence of excessive
oil, fuel, or hydraulic leaks as well as sources of such leaks.

2. Studs and nuts—for improper torquing and obvi-
ous defects.

3. Internal engine—for cylinder compression and for
metal particles or foreign matter on screens and sump drain
plugs. If there is weak cylinder compression, check the
internal condition and tolerances of the cylinder.

4. Engine mount—for cracks. looseness ol mount,
and looseness of engine to mount.

5. Flexible vibration dampers—for poor condition
and deterioration.

6. Engine controls—for defects, improper travel, and
improper safetying.

7. Lines, hoses, and clamps—for leaks, improper
condition, and looseness.

8. Exhaust stacks—for cracks, defects, and improper
attachment.

9. Accessories—for apparent defects in security of
mounting.

10. All systems—for improper installation, poor gener-
al condition, defects, and insecure attachment.

11. Cowling—for cracks and defects.

A manufacturer’s inspection checklist is shown in Fig.
9-5. It shows the items to be inspected and the operational
intervals for accomplishing each item. Notes at the bottom
of the inspection list are for further information or contain
references to other publications of the manufacturer. In the
following text, we discuss the main items on the checklist
in Fig. 9-5. Propeller inspection is covered in Chap. 21,
and additional information on inspection programs may be
found in an accompaning text in this series, Aircraft Basic
Science.

Opening and Cleaning
FAR 43, Appendix D, begins by stating:

“Each person performing an annual or 100-h inspection
shall, before that inspection, remove or open all necessary
inspection plates, access doors, and cowling. He shall thor-
oughly clean the aircraft and aircraft engine.”

When opening cowlings, the technician should note any
accumulation of oil or other foreign material, which may be
a sign of fluid leakage or other abnormal condition that
should be corrected. )

An engine and accessories wash-down should be done
prior to each 100-h inspection to remove oil, grease, salt
corrosion, or other residue that might conceal component
defects during inspection. Precautions, such as wearing
rubber gloves, an apron or coveralls, and a face shield or
goggles, should be taken when working with cleaning
agents. Use the least toxic of the available cleaning agents
that will satisfactorily accomplish the work. These cleaning
agents include: (1) Stoddard solvent; (2) a water-base alka-
line detergent cleaner consisting of 1 part cleaner, 2 to 3
parts water, and 8 to 12 parts Stoddard solvent; or (3) a sol-
vent-base emulsion cleaner comprising 1 part cleaner and 3
parts Stoddard solvent.

WARNING Do not use gasoline or other highly flamma-
ble substance for wash-down. Perform all cleaning opera-
tions in well-ventilated work areas, and ensure that ade-
quate fire-fighting and safety equipment is available.
Compressed air, used for cleaning agent application or dry-
ing, should be regulated to the lowest practical pressure.
Use of a stiff-bristle fiber brush, rather than a steel brush, is
recommended if cleaning agents do not remove excess
ercase and grime during spraying. Before cleaning the
engine compartment, place a strip of tape on the magneto
vents to prevent any solvent from entering these units.
Place a large pan under the engine to catch waste. With the
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engine cowling removed, spray or brush the engine with
solvent or a mixture of solvent and degreaser. To remove
especially heavy dirt and grease deposits, it may be neces-
sary to brush areas that have been sprayed.

WARNING Do not spray solvent into the alternator, vac-
uum pump, starter, or air intakes. Allow the solvent to
remain on the engine for 5 to 10 min. Then rinse the engine
clean with additional solvent and allow it to dry. Cleaning
agents should never be left on engine components for
extended periods. Failure to remove them may cause dam-
age to components such as neoprene seals and silicone fire
sleeves and could cause additional corrosion. Completely
dry the engine and accessories, using clean, dry compressed
air. If desired, the engine cowling may be washed with the
same solvent. Remove the protective tape from the magne-
tos and lubricate the controls, bearing surfaces, etc., in
accordance with the Lubrication Chart. Other parts of an
airplane that often need cleaning prior to inspection are the
landing gear and the underside of the aircraft. Most com-
pounds used for removing oil, grease, and surface dirt from
these areas are emulsifying agents. These compounds,
when mixed with petroleum solvents, emulsify the oil,
grease, and dirt. The emulsion is then removed by rinsing
with water or by spraying with a petroleum solvent.
Openings such as air scoops should be covered prior to
cleaning.

Servicing Oil Screens and Filters

Most engines incorporate an oil suction screen which filters
oil as it leaves the oil sump and before it enters the oil pres-
sure pump. The oil suction screen is generally located on
the bottom aft of the engine sump, installed horizontally.
To remove the suction screen, cut the safety wire and
remove the hexagonal-head plug. The screen should be
checked and cleaned at each oil change or inspection to
remove any accumulation of sludge and to examine for
metal filings or chips. If metal particles are found in the
screen, the engine should be examined for internal damage.
After cleaning and inspection, replace the screen, tighten,
and safety with safety wire.

Another type of oil screen is the oil pressure screen
which is installed after the oil pump; because of the loca-
tion of this screen, all oil passing through it is under pres-
sure. It is located in a housing on the accessory case of the
engine. The oil pressure screen should be cleaned and
inspected at each oil change or aircraft inspection. After the
pressure screen is removed, any accumulation of sludge
should be removed and an inspection for metal particles
should be made.

Most modern engines have a full-flow oil filter installed
on the accessory case between the magnetos. This filter can
be of the element type or the spin-on type. All the engine’s
oil flows through this filter under the pressure of the oil
pump. The inspection procedure for each type of filter
varies somewhat because of the different constructions. The
element type is housed in a canister that is disassembled to
allow inspection of the filter element.

The spin-on filter is generally cut with a special tool, as
shown in Fig. 9-6, to allow inspection. Inspect the filter
element by removing the outer perforated paper cover and
using a sharp knife to cut through the folds of the element
at both ends. Then carefully unfold the pleated element and

FIG. 9-6 Qil filter cutting tool.

examine for evidence of metal particles that could indicate
internal engine damage.

In new or recently overhauled engines, some small parti-
cles of metallic shavings might be found. These are of little
consequence and should not be confused with larger metal
particles or chips. Evidence of internal engine damage
found in the oil filter justifies further examination to deter-
mine the cause. The manufacturer’s maintenance manual
should always be consulted for proper determination of
metal particles found in the engine oil filter. When these
filters are reinstalled, they must be properly torqued and
then safety-wired.

At oil changes, oil samples are often taken and sent
away to laboratories to be analyzed for wear metals. A
complete discussion of oil analysis can be found in Chap.
12.

Inspection of Oil System Lines

The inspection of the plumbing for an oil system is similar
to the inspection of any other plumbing. The tubing, hose,
tube fittings, hose fittings, hose clamps, and all other com-
ponents of the system are inspected for cracks, holes, dents,
bulges, and other signs of damage that might restrict the
flow or cause a leak. All lines are inspected to ensure that
they are properly supported and are not rubbing against a
structure. Fittings should be checked for signs of improper
installation, overtorquing, excessive tension, or other con-
ditions which may lead to failure.

Compression Testing of Aircraft Engine
Cylinders

The purpose of testing the cylinder compression is to deter-
mine the internal condition of the combustion chamber by
ascertaining if any appreciable leakage is occurring.

Types of Compression Testers. The two basic types
of compression testers currently in use are the direct-com-
pression tester and the differential-pressure tester,
shown in Fig. 9-7. Although it is common practice to use
only the differential-type compression tester, ideally one
would utilize both types in checking the compression of
aircraft cylinders. In this respect, it is suggested that the
direct-compression method be used first and the findings
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FIG. 9-7 Compression testers. (A) Differential-pressure tester.
(B) Direct-compression tester.

substantiated with the differential-pressure method. This
yields a cross-reference to validate the readings obtained by
each method and tends to ensure that the cylinder is defec-
tive before it is removed. Before a compression test is start-
ed, note the following points:

1. When the spark plugs are removed, identify the cylin-
ders to which they belong. Close examination of the plugs
will reveal the actual operating conditions and aid in diag-
nosing problems in the cylinders.

2. Review the operating and maintenance records of the
engine. Records of previous compression tests reveal pro-
gressive wear conditions and help to establish the necessary
maintenance approach.

3. Precautions should be taken to prevent the accidental
starting of the engine. Remove all spark plug leads, and
place them so that the spark plugs cannot fire.

4. The differential-pressure compression equipment
must be kept clean and should be checked regularly for
accuracy. Check equipment with the shutoff valve closed
and regulated pressure at 80 psi [552 kPa]—the cylinder
pressure gage must indicate 80 £ 2 psi [552 £+ 13.8 kPa]—
and hold this reading for at least 5 s.

5. Combustion chambers with five piston rings tend to
seal better than those with three or four, with the result that
the differential-pressure tester does not consistently show
excessive wear or breakage where five piston rings are
involved.

6. If erratic readings are observed on the equipment,
inspect the compression tester for water or dirt.

Direct-Compression Check. This type of compres-
sion test indicates the actual pressures within the cylinder.
Although the particular defective component in the cylinder
is difficult to determine by this method, the consistency of
readings for all cylinders is an indication of overall engine
condition. The following guidelines for performing a
direct-compression test are suggested:

1. Thoroughly warm up the engine to operating temper-
ature, and do the test as soon as possible after shutdown.

2. Remove the most accessible spark plug from each
cylinder.

3. Rotate the engine with the starter to expel any excess
oil or loose carbon in the cylinders.

4. If a complete set of compression testers is available,
install one tester in each cylinder. If only one tester is being
used, check each cylinder in turn.

5. Using the engine starter, rotate the engine at least
three complete revolutions, and record the compression
reading. Note: An external power source should be used, if
possible, because a low battery will result in a low engine-
turning rate and lower readings. This will noticeably affect
the validity of the second engine test on a twin-engine air-
craft.

6. Recheck any cylinder which shows an abnormal
reading compared with the others. Any cylinder having a
reading approximately 15 psi [103.4 kPa] lower than the
others should be suspected of being defective.

7. If a compression tester is suspected of being defec-
tive, replace it with one known to be accurate and recheck
the compression of the affected cylinders.

Differential-Pressure Compression Check. The dif-
ferential-pressure tester is designed to check the compres-
sion of aircraft engines by measuring the leakage through
the cylinders that is caused by worn or damaged compo-
nents. The operation of the compression tester is based on
this principle: For any given airflow through a fixed orifice,
a constant pressure drop across that orifice will result. The
dimensions of the restrictor orifice in the differential-pres-
sure tester should be sized. A schematic diagram of the dif-
ferential-pressure tester is shown in Fig. 9-8.

Since the regulated air pressure is applied to one side of
the restrictor orifice with the air valve closed, there will be
no leakage on the other side of the orifice and both pressure
gages will read the same. However, when the air valve is
opened and leakage through the cylinder increases, the
cylinder pressure gage will record a proportionally lower
reading.

The following procedures outline the principles involved
in performing a differential-pressure compression test and
are intended to supplement the manufacturer’s instructions
for the particular tester being utilized:

1. Perform the compression test as soon as possible
after engine shutdown to ensure that the piston rings, cylin-
der walls, and other engine parts are well lubricated.

2. Remove the most accessible spark plug from each
cylinder.

3. With the air valve closed, apply an external source of
clean air, approximately 100 to 120 psi [689 to 827 kPa], to
the tester.

4. Install an adapter in the spark plug bushing, and con-
nect the compression tester to the cylinder.

5. Adjust the pressure regulator to obtain a reading of
80 psi [552 kPa] on the pressure regulator gage. At this
time, the cylinder pressure gage should also register 80 psi
[552 kPa].

6. Turn the crankshaft by hand in the direction of rota-
tion until the piston (in the cylinder being checked) is com-
ing up on its compression stroke. Slowly open the air valve
and pressurize the cylinder to approximately 20 psi [138
kPa]. Caution: Be careful in opening the air valve since
sufficient air pressure will have built up in the cylinder to
cause it to rotate the crankshaft if the piston is not at TDC.

Continue rotating the engine against this pressure until
the piston reaches TDC. Reaching TDC is indicated by a
flat spot or sudden decrease in force required to turn the
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FIG. 9-8 Schematic of typical differential-pressure compres-
sion tester.

crankshaft. If the crankshaft is rotated too far, back up at
least 0.5 r and start over, to eliminate the effect of backlash
in the valve operating mechanism and to keep the piston
rings seated on the lower ring lands.

7. Open the air valve completely. Check the regulated
pressure and adjust, if necessary, to 80 psi [552 kPa].

8. Observe the pressure indication on the cylinder pres-
sure gage. The difference between this pressure and the
pressure shown by the regulator pressure gage is the
amount of leakage through the cylinder. A loss in excess of
25 percent of input air pressure is cause to suspect the
cylinder of being defective; however, recheck the readings
after operating the engine for at least 3 min to allow for
sealing of the rings with oil.

9. If leakage is still occurring after a recheck, it may be
possible to correct a low reading. As the engine is running,
the piston rings can, over time, move in their grooves. In
some cases the piston-ring gaps can become aligned. This
will cause a low compression check. This problem can be
corrected by simply running up the engine until the ring
gaps become staggered again.

When leakage occurs, the technician can determine the
source of the problem by listening. If the air is leaking from
the crankcase breather, then the leakage is from around the
piston rings or a hole in the piston. If spraying oil into the
cylinder and rotating the engine several turns improve the
reading on 2 compression test recheck, then the problem
probably lies with the piston rings. This type of test is
called a wer check.

If air is leaking from the valves, the technician will hear
air exiting from the exhaust stacks or carburetor inlet. This
leakage may be caused by a small piece of carbon stuck
underneath the valve. Generally this problem can be cor-
rected by placing a fiber drift on the rocker arm directly
over the valve stem and tapping the drift several times with
a hammer, to dislodge any foreign material or carbon
between the valve face and seat. Note: When you are cor-
recting a low reading in this manner, rotate the propeller so
that the piston will not be at TDC. This will prevent the
valve from striking the top of the piston in some engines.
Rotate the engine before rechecking the compression to
reseat the valves in the normal manner.

Magneto Inspection

During a 100-h or annual inspection, magneto inspection is
normally done with the magneto on the engine. Sometimes
it is necessary to remove the magneto for inspection, such
as with the Slick series magnetos for the 500-h check or if
further inspection and disassembly are warranted by dis-
crepancies. The following is an example list of magneto
parts that should be inspected during a 100-h or annual
inspection (see Fig. 9-9). (The numbers in the illustration
refer to the following numbers in the text.) This inspection
will require the removal of the ignition harness and breaker
contact plate from the magneto.

1. Inspect the distributor block contact springs. If bro-
ken or corroded, they should be replaced.

2. Inspect the oil felt washer. It should be saturated
with oil. If it is dry, check for worn bushing. Lubricate as
needed with no. 30 oil.

3. Inspect the distributor block for cracks or burned
areas. Caution: The wax coating on the block should not be
removed.

4. Look for excess oil in the breaker compartment. It
may mean a bad oil seal or oil seal bushing at the drive end.

5. Look for frayed insulation or broken wire strands in
leads in back of the magneto. See that terminals are secure.
Be sure the wires are properly positioned.

6. Inspect the capacitor visually. If possible, test for
leakage, capacitance, and series resistance. Indiscriminate
replacement of the capacitor each time the breaker points
are replaced incurs an unnecessary expense.

FIG. 9-9 Magneto items to be inspected.
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7. Correct the adjustment of the breakers for proper
internal timing of the magneto.

8. Check the breaker cam. It should be clean and
smooth.

If the impulse coupling is accessible, it should be
inspected in accordance with the proper service bulletin or
maintenance manual.

Inspection and Cleaning of Spark Plugs

As each spark plug is removed from the cylinder, the elec-
trode end should be inspected for possible deposits. These
deposits often reflect the internal condition of the cylinder,
the operation of the fuel system, and the way in which the
engine is being operated.

Visually inspect each spark plug for the following
defects:

1. Severely damaged shell or shield threads nicked,
stripped, or cross-threaded

2. Badly battered or rounded shell hexagons

3. Out-of-round or damaged shielding barrel

4. Chipped, cracked, or broken ceramic insulator parts

5. Badly eroded electrodes worn to approximately 50
percent of original size

After the spark plug has been inspected, it should be
cleaned as required. After cleaning, it should be gapped and
tested. Detailed information on spark plug servicing proce-
dures can be found in Chap. 8.

Harness Testing and Inspection

As previously mentioned, high-tension cable for aircraft
ignition systems consists of a few strands of stainless-steel
wire covered with a thick layer of an insulating material
such as silicone rubber. Over this is a layer of glass-fiber
reinforcement, and over the reinforcement is another thick
layer of insulating material.

The insulation of the ignition cable is designed to with-
stand very high voltage without breaking down. Over time,
however, leakage of ignition current will occur. Even a new
cable will leak somewhat, but this is not important until the
leakage increases so much that the spark at the spark elec-
trodes is weakened or stopped.

To ensure that the dielectric strength of ignition cable
insulation is adequate and that excessive leakage is not
occurring, a harness tester called a megohmmeter, or meg-
ger, is used. Typical testers are the Continental High-
Tension Lead Tester and the Eastern Electronics Cable
Tester.

A harness tester is an electric unit designed to produce
dc voltages up to 15,000 V which can be applied to individ-
ual leads in an ignition harness. A typical unit may include
gages to measure the applied voltage and leakage current, a
voltage control, input leads, output leads, and required con-
trol switches. These units include instructions for proper
application,

To test ignition leads, all leads are disconnected from
the spark plugs, and all leads but the one being tested are
grounded to the engine. With the leads grounded, the tester

will show leakage between leads as well as from leads to
ground. The high-voltage lead from the tester is connected
to the spark plug terminal of the lead being tested. The
ground lead is attached to the engine. The tester may also
be grounded to earth through a water pipe or other means.

Manufacturer’s instructions are provided for all harness
testers and should be followed. Since such a unit produces
very high voltage, it is essential that the operator be most
careful when the unit is turned on.

The voltage of the tester is adjusted to the level given in
the instructions, which is usually 10,000 V. When the con-
trol switch is turned on, this voltage is applied to the lead
being tested. Leakage will show on the microammeter and
should not exceed 50 microamperes (LA).

As testing of leads continues, one or more leads will
likely show high leakage because of the position of the dis-
tributor rotor in the magneto. If the rotor finger is aligned
with the electrode for the lead being tested, the current will
jump the gap to the rotor and flow to ground through the
magneto coil. When this occurs, the engine crankshaft
should be rotated to change the alignment of the distributor
rotor so that the lead can be retested. Using an ochmmeter,
or cable tester, check each lead for continuity. If continu-
ity does not exist, the lead is broken and must be replaced.

If the test shows excessive leakage in several cables, the
distributor block or terminal block is probably defective.
The block should therefore be thoroughly examined. If the
test shows that the harness is faulty, all the cables should be
replaced.

When a distributor block shows a modest amount of
leakage, it can sometimes be restored to good condition by
cleaning and waxing with an approved high-temperature
wax. If leakage persists, the block should be replaced.

A comparatively simple cable tester is illustrated in Fig.
9-10. This unit operates from either 12 or 24 V dc. The
instrument is set for the correct veltage by means of the
selector switch. When the tester is properly connected to
ignition cables, the indicator light will reveal excessive
leakage.
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FIG. 9-10 An ignition cable (harness) tester.
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During the inspection of an ignition harness, it is impor-
tant to note the routing of individual spark plug cables with
respect to engine parts and particularly to the exhaust mani-
fold. Cables should be routed and supported so that they
cannot rub against engine parts or be located near hot parts
which could burn the insulation. Sometimes it is necessary
to adjust clamps and other supports to remove the cable
from a position where it can become damaged by abrasion
or heat.

Sharp bends should be avoided in ignition leads. If a
cable is bent sharply or twisted, the insulation is under
stress and can develop weak points through which high-ten-
sion current can leak.

Inspection and Maintenance of Induction
System Air Filters and Ducting

The induction system air filter removes dirt and abrasive
particles from the air before it enters the carburetor and/or
the supercharger impeller. When the air filter has not been
properly maintained, the result is the same as operating
without a filter. The most common results of dirt or silicon
entering the engine are worn piston rings and excessive
ring groove wear. As ring groove wear progresses, the ring
will eventually break.

It is imperative that the induction system air filter be
installed properly. If it fits loosely so that the air can enter
the induction system without being filtered, dirty air will
enter the engine. This same problem will exist anywhere in
the induction system where a leak is present.

There are several different types of air filters, and each
has its own particular servicing procedures.

Dry Paper Filters. The dry paper filter must be
cleaned daily when operation involves dusty conditions. If
any holes or tears are noticed, the filter should be replaced
immediately. To service the filter, remove the filter element
and shake off the loose dirt by rapping on a hard, flat sur-
face. Be especially careful not to crease or dent the sealing
ends. When you are servicing a paper filter, never wash it
in any liquid or soak it in oil, and never try to blow off dirt
with compressed air. The filter housing can be cleaned by
wiping with a cloth and a suitable solvent. When the hous-
ing is dry, reinstall and seal the filter element.

Wire Mesh Wetted Oil-Type Air Filter. The wetted
oil air filter should be inspected daily for dirt accumulation
and proper oiling. When dirt is found, the filter should be
cleaned. If the filter requires oiling, the following proce-
dure should be followed:

Thoroughly wash the filter in petroleum solvent.

Make certain that all dirt is removed from the filter and
that the filter unit is in serviceable condition. If, after clean-
ing, the surfaces of the air filter show metallic wires
through the remaining flocking material, the filter should
be replaced. Dry the filter at room temperature, making cer-
tain it is thoroughly dry before proceeding with the next
step. If the filter is not dry, the solvent will prevent the oil
from adhering to the small surfaces of the filter and will
thus decrease its efficiency. Next, immerse the filter in the
recommended grade of oil for 5 min. After the filter is
removed from the oil, allow it to drain thoroughly before

installing it in the aircraft. On many of these types of air fil-
ters, the cleaning instructions are printed on the filter hous-

ing.

Foam-Type Air Filters. Foam-type air filters are
inspected daily, as are other types of air filters. However,
unlike the other types of filters, there is no recommended
cleaning procedure for foam-type filters. Instead, they are
replaced at prescribed intervals, such as every 100 h.

Induction System Ducting. The inspection of the
induction ducting is a visual inspection of the external sur-
face and normally does not require duct removal. Inspect
the external surface of the ducts for loose or broken strings,
loose or displaced supporting wire, and signs of wear or
perforation. Should any of these conditions exist, remove
and replace the affected duct or ducts.

Inspection of Engine Fuel Systems and
Carburetors

If possible, inspections should be carried out in accordance
with manufacturer’s or operator’s instructions as set forth
in appropriate manuals. If these are not available, the fol-
lowing general practices can be followed:

1. Remove cowling as necessary Lo gain access to the
items to be inspected. Place cowling sections in suitable
racks to avoid damage.

2. Examine all fuel line connections and fittings for
signs of leakage. If fuel leakage is discovered, correct by
tightening or replacing the fitting. If a leak cannot be
stopped by applying the specified torque, the fitting or tube
end should be replaced. Tubing fittings must not be over-
torqued because of the danger of crushing the metal of the
tubing and causing irreparable damage.

3. Observe the condition of the hoses. The outer sur-
faces should be smooth, firm, and free of blisters, bulges,
collapsed bends, or deep cracks. Small blisters can be
accepted, provided that there is no fuel leakage when the
blister is punctured with a pin and when the hose is tested
at 1% times the working pressure. Appreciable bulging at
the hose fittings or clamps requires that the hose be
replaced. Fine cracks which do not penetrate to the first
fabric layer are acceptable.

4. Carefully examine the condition of the hoses and tub-
ing at the clamps or brackets used for mounting. Both the
mounting and the line should be checked for wear and
looseness. A loose mounting will cause wear.

5. Check the metal fuel lines for wear, nicks, cuts,
dents, and collapsed bends. Small nicks and cuts which do
not extend deeper than 10 percent of the wall thickness and
are not in the heel of a bend may be repaired by stoning and
polishing with crocus cloth. Dents which are not deeper
than 20 percent of the tubing diameter and are not in the
heel of a bend are acceptable. Dents can be removed by
drawing a steel bullet through the tubing with an attached
steel cable. Tubing which is not repairable must be
replaced.

6. Remove the drain plugs in the carburetor and sumps
to eliminate water and sediment. See that the plugs are rein-
stalled with proper torque and safetying. Install new wash-
ers with the plugs where required.

Inspection and Maintenance 225



7. Remove all fuel screens and filters to clean them and
to check their condition. Collapsed screens, and filters
which do not provide free fuel flow, must be replaced.
Main-line fuel screen sumps and tank drains should be
opened briefly at preflight inspections to remove water and
sediment.

8. If the fuel system includes an engine-driven fuel
pump, check the pump for security, oil leakage from the
mounting, and proper safetying of mounting nuts, bolts, or
screws. Check the electric fuel boost pump for the opera-
tion and security of both fuel and electric connections. The
brushes of the pump motor should be replaced in accor-
dance with the schedule set forth in the service manual.

9. Check the carburetor for security of mounting, fuel
leakage, and proper safetying. Check the gasket at the
mounting flange or base to determine if there is a possibili-
ty of air leakage. Examine the throttle shaft bearings and
the control arms for the throttle and mixture control for
excessive play. Remember that excessive clearance at the
throttle shaft can allow air to enter the carburetor and can
lean the mixture. Apply lubricant to the bearings and mov-
ing joints in accordance with the service instructions or the
approved lubrication chart.

Inspection and Maintenance of Fuel
Injection System

The routine inspection and maintenance of an engine fuel
system that includes a fuel injection system are similar to
those of carburetors and fuel systems. The principal items
to note are tightness and safetying of nuts and bolts, leak-
agc {Toin lincs and fitlings, and iooseness 1n control hnk-
ages. Fuel strainers should be removed and cleaned as spec-
ified. Minor fuel stains at the fuel nozzles are normal and
do not require repair.

When a new injector unit is installed, the injector inlet
strainer should be removed and cleaned after 25 h of opera-
tion. Thereafter, the strainer should be cleaned at each 50-h
inspection.

If an aircraft engine is equipped with a fuel injector that
includes an AMC, the operator should be alert for signs of
problems with the unit. Dirt can build up on the needle and
cause rich operation and possible sticking of the needle,
with resultant loss of altitude compensation.

Lubrication of the injector should be accomplished in
accordance with the approved lubrication chart for the par-
ticular installation. The clevis pins used in connection with
the throttle and the manual mixture control should be
checked for freedom of movement and lubricated, if neces-
sary.

Lubricate the throttle shaft bushings by placing a drop of
engine oil on each end of the throttle shaft so that the oil
can work into the bushings.

Use care in cleaning and oiling the air filter element. If
the element is replaced while excessive oil is clinging to it,
some of the oil will be drawn into the injector and will set-
tle on the venturi. This can greatly affect the metering char-
acteristics of the injector.

Inspection and Maintenance of Engine
Controls

Engine controls, such as the throttle, mixture, propeller, and
cowl flap controls, need to be checked during the course of

a 100-h or annual inspection. The inspection of these con-
trols should include the following steps:

1. Inspect push-pull controls for wear and smoothness
of operation.

2. Operate the system slowly, and watch for signs of
any strain on the rods and tubing that will cause bending or
twisting.

3. Examine each rod end that is threaded, and observe
whether the rod is screwed into the socket body far enough
to be seen through the inspection hole.

4. Eliminate any play by making certain that all connec-
tions are tight.

5. Examine the guides to see if the rods bind too much
on the guides, but do not mistake any binding for spring-
back. Replace any guides that cause binding.

6. Adjust the lengths of screw-end rods by screwing
them into or out of the control end. Retighten the locknuts.

7. If any rod is removed, label it to show its location on
reassembly.

8. Replace any ball-bearing rod ends that cause lost
motion.

Inspection and Maintenance of Exhaust
Systems

The importance of proper inspection and maintenance of
exhaust systems cannot be overemphasized. Defective sys-
tems can lead to engine fire, engine failure, structural fail-
ure, or carbon monoxide poisoning.

Approximately one-half of exhaust system failures occur
in the exhaust gas-to-air heat exchanger, and as a result,
carbon monoxide gas enters the cabin through the aircraft
heater.

The exhaust system components are subjected to
extreme temperatures, and the resulting expansion and con-
traction produce stresses which often lead to cracks and
distortion resulting from warpage.

A primary reason for most exhaust system failures is
inadequate and infrequent inspections and checks and the
lack of routine and preventive maintenance between
inspections. Exhaust systems deteriorate because of (1)
engine operating temperatures, (2) vibration, which causes
metal fatigue on areas of stress concentration and wear at
joints or connections, and (3) engine backfiring and
unburned fuel in the muffler. Note: These conditions begin
to take effect the first hour of engine operation, and deterio-
ration progresses through the life-span of the exhaust sys-
tem components.

Indications of cracked or leaking exhaust systems can
occur in any area of the system; however, the following are
the most prominent problem areas:

1. Exhaust manifold and stack fatigue failures usually
occur at welded or clamp joints (for example, exhaust stack
flange, stack to manifold cross-pipes, or muffler connec-
tions). This is shown in Fig. 9-11.

2. Muffler failures and heat exchanger failures usually
occur on the inner wall surface. Examples of fatigue areas
are shown in Fig. 9-12. A proper inspection can be accom-
plished only when the outer heat shield is removed. This
inspection should be done as recommended by the manu-
facturer or by a properly certificated technician or repair
station.
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FIG. 9-12 Typical muffler fatigue areas.

Precautions. In the inspection and service of exhaust
systems, certain precautions must be observed. Failure to
employ adequate care in working with exhaust systems can
result in their damage and deterioration.

Corrosion-resistant exhaust system parts must be pro-
tected against contact with zinc-coated (galvanized) tools
or any zinc-coated metal parts. Furthermore, lead pencils
must not be used to mark exhaust system parts. At high
temperatures, the metal of the exhaust system will absorb
the zinc or lead of the lead pencil, and this will materially
affect the molecular structure of the metal. Because of this,
the softened metal will likely be subject to the development
of cracks in the marked areas.

The exhaust system parts must be cleaned with care.
This is particularly true of ceramic-coated parts. They must
not be cleaned with harsh alkaline cleaners or by sandblast-
ing. Degreasing with a suitable solvent will usually suffice.
For a particular make and model of aircraft, the instructions
of the manufacturer should be followed.

The reassembly of an exhaust system after inspection
and repair is most critical. After the exhaust stacks or risers

are secured to the cylinders, all other parts should be
installed so that joints and other connections are in proper
alignment to prevent exhaust leakage. Nuts, bolts, and
clamp screws must be tightened to the correct torque.
Overtorquing will probably result in failure.

Procedures. The procedures for performing exhaust
system inspections are given in the manufacturer’s mainte-
nance manual for the aircraft. In general, the required
inspections are similar in type and scope for most aircraft.
The following steps are typical:

1. Remove the engine cowling sufficiently to see all
parts of the exhaust system.

2. Examine all parts for cracks, wear, looseness, dents,
corrosion, and any other apparent deterioration. Pay partic-
ular attention to attaching flanges, welded joints, slip joints,
muffler shrouds, clamps, and attachment devices.

3. Check all joints for signs of exhaust leakage.
Leakage can cause hot spots, in addition to being hazardous
to passengers and crew. With supercharged engines operat-
ing at high altitudes, exhaust leaks assume the nature of
blowtorches because of the sea-level pressures maintained
in the system. These leaks are a fire hazard as well as being
damaging to parts and structures. Evidence of leakage is a
light gray or sooty spot at any slip joint or at any other
point where pipes are joined. Leakage spots also reveal
cracks in the system.

4. After a thorough visual inspection, the exhaust sys-
tem should be pressure-checked. Attach the pressure side of
an industrial vacuum cleaner to the tailpipe opening, using
a suitable rubber plug to provide a seal. With the vacuum
cleaner operating, check the entire system by feel or with a
soap solution to reveal leaks. After the pressure test,
remove the soap suds with water; dry the system compo-
nents with compressed air.

5. For a complete inspection of the exhaust system, it
may be necessary to disassemble the system and check
individual components. Disassemble the system according
to the manufacturer’s instructions, being careful to examine
all attaching parts, such as clamps, brackets, bolts, nuts, and
washers.

6. Remove the shrouds from the mufflers. Use rubber
plugs to seal the openings, and apply 2/4-psi [17.24-kPa] air
pressure while the muffler is submerged in water. Seal the
exhaust stacks and pipes, and test in the same manner,
using 5% psi [37.92 kPa]. Pressures used for testing may
vary, but whatever the manufacturer recommends should be
used.

7. After all components of the exhaust system have
been examined and found satisfactory, reassemble the sys-
tem on the engine loosely to allow for adjustment and prop-
er alignment. Tighten the stack attachments to the cylinder
exhaust ports first, using a torque wrench. Be sure that the
proper type of heat-resistant nut is used and that new gas-
kets are installed. Next, tighten all other joints and attach-
ments, making sure that all parts are in correct alignment.

8. After the exhaust system has been installed, run the
engine long enough to bring it up to normal operating tem-
perature. Shut down the engine and remove the cowling.
Inspect each exhaust port and all joints where components
are attached to one another. Look for signs of exhaust
leaks, such as a light gray or sooty deposit. If a leak is
found, loosen the connection and realign it.
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9. If an exhaust system includes augmentors, inspect
the augmentors in the same manner as the other compo-
nents. Leaks in the augmentors can cause fires and escape
of gases into the cockpit or cabin. The alignment of the
augmentors is particularly critical. The manufacturer’s
specifications must be followed precisely.

10. On a system which includes a turbocharger, special
inspections of the turbine and compressor assemblies must
be made. Inspect the interior of all units for the buildup of
coke deposits. These deposits can cause the waste gate to
stick, causing excessive boost. In the turbine, carbon
deposits will cause a gradual lessening of turbine efficien-
cy, with a resulting decrease in engine power. Wherever
coke buildup is found in any unit, remove it in accordance
with the manufacturer’s instructions.

Repairs. Exhaust system components which have
become burned, cracked, warped, or so worn that leakage
occurs should usually be replaced with new parts. In certain
instances, cracks can be repaired by heliarc (inert-gas)
welding with the proper type of welding rod. Care must be
taken to avoid any repair which will cause a rough spot or
protrusion inside an exhaust pipe or muffler. Any such area
will create a hot spot and cause eventual burn-through.

Dents can sometimes be removed, provided that the dent
has not caused a thin spot resulting from internal erosion
and burning. Dents are removed by placing the exhaust
pipe over a suitable mandrel and working out the dent with
a soft hammer.

After any repair to a component of the exhaust system, a
pressure test should be made.

Engine Mounts

Engine mounts are metal mounts of the type shown in Fig.
9-13, which connect the engine to the airframe. Rubber
shock mounts isolate the engine from the metal engine
mount. Most modern reciprocating-engine installations use
dyna-focal engine mounts. The shock mounts on a dyna-
focal engine mount point toward the center of gravity of the
engine, as shown in Fig. 9-13. The bonded rubber shock
mounts and metal mount are designed to reduce the trans-
mission of engine vibrations to the airframe. This provides
smoother aircraft operation and reduces the possibility of
structural failure from vibration fatigue.

Cleaning and Inspection. All metal parts of the shock
mount assemblies may be cleaned in a suitable cleaning
solvent. The rubber pads (shock mounts) should be wiped
clean with a dry, clean cloth. Do not clean the rubber parts
with any type of solvent. Inspect the metal parts of the
mounts for cracks, corrosion, dents, distortion, and exces-
sive wear.

The rubber of the dynamic shock mount units can deteri-
orate with age and heat. Inspect the rubber pads for separa-
tion between pad and metal backing, swelling and cracking,
or a pronounced set (distortion) of the pad. Replace all rub-
ber pads that show evidence of damage.

The airframe manufacturer specifies the engine mount
bolt torque for securing the engine to the mount and the
mount to the airframe. The engine mount bolts should be
checked for proper torque and any signs of rotation.

SHOCK MOUNT ASSEMBLY

ENGINE CENTER
OF GRAVITY

ENGINE MOUNT TO FIREWALL ASSEMBLY

FIG. 9-13 Dyna-focal engine mount.

Fire Wall Seals

During an inspection of the aircraft, the sealing compound
and bushings that form seals around wiring and control
cables that pass through the fire wall should always be
inspected and repaired, if needed. Any type of openings in
the fire wall area can allow exhaust gases and fumes to
enter the cabin area.

Inspection, Maintenance, and Repair of
Superchargers and Turbochargers

The same principles of inspection, maintenance, and repair
that apply to other sections of the powerplant system apply
to superchargers and turbochargers. Visual inspection of all
visible parts should be performed daily to observe oil leaks,
exhaust leaks, cracks in the metal of “hot sections,” loose
or insecure units, and other unacceptable conditions. Note
that exhaust ducts, waste gates, nozzle boxes, and turbines
are subjected to extremely high temperatures; thus, cracks
develop because of the continual expansion and contraction
of the metal as temperature changes occur.

The manufacturer’s manual will specify the most impor-
tant inspections to be accomplished and the service time
established for periodic inspections. An inspection of a
complete system should include the following, in addition
to any other inspections specifically required by the compa-
ny’s operation manual or the manufacturer’s maintenance
manual;

1. Mounting of all units.
2. Oil leaks or dripping from any unit
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3. Security of oil lines.

4. Security and condition of electric wiring.

5. Cracks in ducting and other metal parts. including the
turbine and housing.

6. Warping of metal ducts.

7. Operation of the complete system to determine per-
formance, to discover undesirable sounds, and to note evi-
dence of vibration. Unusual sounds and appreciable vibra-
tion require removal and replacement of the turbocharger to
correct the faulty condition.

Improper lubrication or the use of an incorrect lubricant
can cause serious malfunctions and the failure of units.
Because of the high temperatures to which a turbine wheel
is exposed, the turbine shaft is also subject to high tempera-
tures. This can cause “coking” of the lubricant, with a sub-
sequent buildup of carbon (coke) at turbine shaft seals and
bearings. An appreciable amount of coking can cause fail-
ure of turbine shaft seals and bearings. Leaking shaft seals
permit hot exhaust gases to reach the shaft bearings, where
additional coking is likely to occur. Coking of the bearings
is likely to limit the rpm that the turbine and compressor
assembly can attain. In this case, the turbocharger will
require removal and replacement. Because of the problems
caused by coking in the turbine area, it is most essential
that the proper type of lubricant be employed. The service
manual for the aircraft will provide this information.

All overhauling and testing of superchargers and tur-
bochargers should be accomplished at certified repair sta-
tions. This is particularly important because of the need to
balance the turbine and compressor assembly accurately.

These units rotate at speeds of up to 70,000 rpm; therefore,
a slight unbalance can cause severe vibration and ultimate
disintegration and failure.

With the increasing complexity of today’s powerplants,
maintenance technicians are more dependent on their abili-
ty to utilize published technical information in performing
maintenance. Troubleshooting skills are increasingly need-
ed by today’s technicians. Troubleshooting is the step-by-
step procedure used to determine the cause of a given fault
and then select the best and quickest solution. When trou-
bleshooting, the technician must evaluate the performance
of the engine by comparing data on how the engine should
operate with how it is currently performing. To trou-
bleshoot, the technician needs thorough knowledge of the
engine’s theory of operation.

To pinpoint a fault, without wasting time and money, is
not an easy job. Many times, faults can be intermittent,
making the problem very difficult to isolate. Removing and
replacing components on a trial-and-error basis can be
viewed as “shotgun” troubleshooting in its worst form. To
be effective, troubleshooting must be an analysis of the
fault or faults. Probable causes, and the necessary actions to
correct the problem, should be found through a logical and
systematic approach.

A six-step troubleshooting procedure is illustrated in
Fig. 9-14.

STEP STEP STEP STEP STEP STEP
1 2 3 4 5 6
LISJIFNG LOCALIZING e
SYMPTOM SYMPTOM »| PROBABLE THE THE FAULT = FAILURE
RECOGNITION | ELABORATION 1 FAauLTY FAULT = COMTF% QENT T | ANALYSIS
FUNCTIONS
A A A a A A
EYES EYES EYES EYES EYES EYES
EARS EARS EARS EARS EARS EARS
KNOWLEDGE KNOWLEDGE KNOWLEDGE KNOWLEDGE KNOWLEDGE KNOWLEDGE
OPERATIONAL- THINK THINK THINK THINK
CONTROLS NOTES NOTES NOTES NOTES
NOTES EQUIPMENT- EQUIPMENT- EQUIPMENT- EQUIPMENT-
DIAGRAMS DIAGRAMS DIAGRAMS DIAGRAMS
TESTING- TESTING- TESTING-
DEVICES DEVICES DEVICES
REVIEW

FIG. 9-14 Six-step troubleshooting procedure.
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Symptom Recognition

The prerequisites for troubleshooting are to be familiar with
the normal engine condition and to be able to recognize
when an engine is not operating properly. Therefore, symp-
tom recognition—the first step in troubleshooting—
involves having knowledge of any engine condition that is
not normal and knowing to what extent the fault is affecting
the engine’s performance.

Symptom Elaboration

Symptom elaboration is the next logical step, once a fault
or malfunction has been detected. Test equipment, built-in
or external, helps the technician to evaluate the perfor-
mance of the engine and its components. The technician
should use these aids to assess the effects of the symptoms
and to provide additional information to further define the
symptoms. Depending on the type of engine, the technician
should ask some of the following questions to help elabo-
rate the symptoms:

1. What components of the engine are not operating
normally?

2. What operating rpm ranges are abnormal?

3. Is this an intermittent fault or a continuous problem?

4. Is an engine parameter such as temperature or pres-
sure out of limit?

5. Does the malfunction occur only under a specific set
of circumstances?

These are a few examples of the types of questions that
the technician may ask before continuing any maintenance
action. The technician should try not to overlook any infor-
mation. Sometimes the smallest detail can lead the way to
solution of the problem.

List of Probable Faulty Functions

When the technician has located all the symptoms of the
malfunction or fault, the third step is to list, either mentally
or on paper, the possible causes. To aid in this process,
most manufacturer’s technical service manuals list the
“probable cause” for a certain engine symptom, along with
the suggested corrective action. This information is often
contained in a troubleshooting chart such as that in Fig.
9-15.

Localizing the Fault

Armed with a complete set of symptoms and their probable
causes, the technician is ready for the fourth step, localizing
the fault. Localizing the fault is an attempt to determine
which functional system of the engine is actually creating
the problem. The trouble may be traced by using the manu-
facturer’s troubleshooting charts and employing computers
with special programs set up for troubleshooting engines.

Isolating the Fault to a Component

Once the malfunction is isolated to one system, additional
testing is done to isolate the fault to a specific component.
The technician often uses test equipment to measure or
indicate the correct outputs for various system components.

Failure Analysis

Once the fault can be traced to a specific component or
components, an attempt should be made to determine the
cause of the failure. Substituting a new component into the
system without analyzing the reason for the failure may just
damage the new component. Sometimes many components
have similar functions. In this case, all the components may
need to be replaced or repaired.

To determine if there are multiple malfunctions, the
technician should consider the effect of the component mal-
function on engine operation. If the component is the prob-
able cause of all the abnormal symptoms noted in earlier
steps, then it can be assumed that the component is at fault.

Using the six-step procedure, we give an example of
how to troubleshoot a fault on an engine that will not run
consistently at idle speeds. The first step is symptom recog-
nition.

Engine performance can be measured against several
standards. The present performance of a particular engine
can be compared with its past performance, provided ade-
quate records have been kept. Engine performance can also
be compared with that of other engines installed on the
same type of aircraft. Type Certificate Data Sheets and the
engine operator’s manual can be consulted for engine per-
formance information.

Once the basic fault has been recognized (that the engine
will not idle), the next step is to elaborate on the fault and
ascertain the engine operating conditions at which it is
exhibited. The following information may be of value in
defining this problem:

1. Was any roughness noted? If so, under what condi-
tions of operation?

2. How long have the engine and spark plugs been in
use? How long has it been since the last inspection?

3. Were the ignition system (magneto) operational
check and power check normal?

4. Did the problem change when the fuel boost pump
was on?

5. When did the trouble first appear?

6. Was the full-throttle performance normal?

The next step is to list the probable faulty function.
Refer to Fig. 9—15. Reasons for failure of the engine to idle
could be

1. Propeller lever set to decrease rpm

2. Improperly adjusted carburetor or fuel injection sys-
tem

3. Fouled spark plugs

4. Air leak in intake manifold

With a complete set of symptoms and probable causes,
the technician is ready to do step 4 of troubleshooting,
which includes testing various systems to localize the fault
in one system. This can be done sometimes by eliminating
systems that have been tested and found to be in good con-
dition.

In most instances, assume that the trouble lies in one of
the following systems:

1. Ignition system
2. Fuel metering system
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3. Induction system
4. Power or mechanical system
5. Instrumentation system

Utilizing the manufacturer’s troubleshooting manuals
and charts to test and eliminate the various systems makes
it possible to pinpoint the induction system as the problem
here.

Let’s go on to the next step—narrowing the problem to a
specific component. Visual inspection of the induction sys-
tem reveals that one cylinder intake pipe has fuel stains and
a bad gasket. This is determined to be the cause of the fault,
and with a new gasket, the engine can be repaired and its
operation checked.

In troubleshooting step 6 (failure analysis), the techni-
cian should determine the cause of the gasket failure and
whether other engine components have been affected by the
malfunction. In this case, the cause of the gasket failure
appears to be normal aging.

In assessing the possible damage, the technician notes
that the cylinder with the leaking intake pipe has been oper-
ating with a very lean mixture, which could have caused
the cylinder to run hot. Damage to other cylinders on the
engine is highly unlikely, but damage could have occurred
inside the leaking cylinder. The leaking cylinder should be
thoroughly inspected for damage that could have resulted
from the intake leak.

In all troubleshooting cases, the knowledge and experi-
ence of the technician will be needed along with a good
logical approach to perform successful fault isolation.

Troubleshooting Examples

Engine operational malfunctions can usually be traced to
one or more of three basic causes: (1) ignition malfunc-
tions, (2) fuel system malfunctions, and (3) engine part
malfunctions. Although in practice it is necessary to consult
the specific manufacturer’s manual, in the following text,
each of these types of malfunctions is discussed separately.

Ignition Malfunctions. Ignition troubles may be
traced to defective magnetos, defective transformers in a
low-tension system, improper timing, spark plugs which
are burned or otherwise damaged, poor insulation on the
high-voltage leads, short-circuited or partially grounded
primary or switch (P) leads, burned breaker points, or loose
connections.

Missing at high speeds Misfiring of the engine at high
speeds can be caused by almost all the foregoing defects in
varying degrees. If the engine is operating at high speeds
and high loads, the manifold pressure, and the cylinder
pressure, will be high. As previously explained, more volt-
age is needed at the spark plug gap to fire the plug when
the pressure at the gap is increased. This means that at high
engine loads the ignition voltage will build up more than at
low engine loads. This higher voltage will seek to reach
ground through the easiest path, and if there is a path easier
to follow than that through the spark plug gap, the spark
plug will not fire and the spark will jump through a break in
the insulation or follow a path where dampness has reduced
the resistance.

If the airplane is operating at high altitudes, the high-
voltage spark will be still more likely to leak off the high-

tension leads instead of going through the spark plug. The
lower air pressure at high altitudes permits the spark to
jump a gap more readily than at the higher pressure near
sea level.

A weak breaker-point spring will also cause misfiring at
high speeds. This is because the breaker points do not close
completely after they are opened by the cam. This condi-
tion is called floating points because the cam follower
actually does not maintain contact with the cam but floats
at some point between the cam lobes.

Engine fails to start 1f the engine will not start, the
trouble can be a defective ignition switch. Since aircraft
engines have dual ignition systems, it is rare that both sys-
tems fail at the same time. However, in some magneto
switches, both magnetos could be grounded through a short
circuit inside the switch.

If recommended practice is to start the engine on one
magneto only and the engine will not start, try to start the
engine on the other magneto. If the cause of the trouble is
in the first magneto system, the engine will fire on the other
magneto.

The checking of magnetos during the engine test will
usually reveal malfunctions in one magneto or the other
before a complete failure occurs. The defective magneto
can then be removed and repaired before serious trouble
occurs.

Defective spark plugs Defective spark plugs are usual-
ly detected during the magneto check. If one spark plug
fails, the engine rpm will show an excessive drop when it is
checked on the magneto supplying the defective plug. The
bad plug may be located by the cold-cylinder check. This
is accomplished as follows: Start and run the engine for a
few minutes on both magnetos. Perform a magneto check,
and determine which magneto indicates a high rpm drop.
Stop the engine, and let it cool until the cylinders can be
touched without burning your hand. Start the engine again,
and operate on the magneto for which the high rpm drop
was indicated. Run the engine for about 1 min at 800 to
1000 rpm, and then shut it down. Immediately feel all
cylinders with your hand, or use a cold-cylinder tester to
determine which is the cold cylinder. This cylinder will
have the defective spark plug. The time and expense
involved in removing and replacing all the spark plugs to
correct one defective plug can be avoided by pinpointing
the defective plug through a cold-cylinder check.

Fuel System Troubles. Fuel systems, carburetors, fuel
pumps, and fuel control units can cause a wide variety of
engine malfunctions, some of which may be difficult to
analyze. A thorough understanding of the system and its
components is essential if the technician hopes to solve the
problems of a particular system effectively. Figure 9-16
lists some of the most common problems encountered with
fuel systems and suggests remedies.

Figure 9-16 does not cover all symptoms which may
develop with fuel systems and carburetors because of the
many different designs involved. The technician, in each
case, should analyze the type of system upon which she or
he is working and become familiar with the operation of the
carburetor or fuel control unit used. Fuel injection systems
involve some unique problems. Figure 9-17 lists problems

Troubleshooting 231



TROUBLESHOOTING CHART—GENERAL ENGINE

Indication

Cause

Remedy

Engine will not start. Engine
cranking. All circuit breakers

and switches in correct position.

Lack of fuel.

Engine overprimed.

Induction system leaks.
Starter slippage.

Check fuel valves. Service fuel tanks,

Clear engine. Follow correct starting
procedure.

Correct leaks.

Replace starter.

Engine will not run at idling.

Propelier lever set for DECREASE
RPM.

Improperly adjusted carburetor
or fuel-injection system.

Fouled spark plugs.

Air leak in intake manifold.

Place propeller lever in HIGH RPM
position for all ground operations.
Readjust system as required.

Change spark plugs.
Tighten loose connection or replace
damaged part.

Engine misses at high speed.

Broken valve spring.

Plugged fuel nozzle.

Warped valve.

Hydraulic tappet worn or
sticking.

Weak breaker spring in magneto.

Replace valve spring.
Clean or replace.
Replace valve.
Replace tappet.

Repair magneto.

Engine runs too lean at cruising
power.

Improper manual leaning
procedure.

Low fuel flow.

Carburetor or fuel-injection
system malfunction.

Manual lean in accordance with
operator’s manual.

Check and clean fuel strainer.

Correct malfunction.

Engine runs rough at high speed.

Loose mounting bolts or
damaged mount pads.
Plugged fuel nozzie.
Propeller out of balance.
Ignition system malfunction.

Tighten or replace mountings.

Clean or repair.

Remove and repair propeller.

Troubleshoot ignition system and
repair.

Engine idles rough.

Improperly adjusted carburetor
or fuel-injection system.

Fouled spark plugs.

Improperly adjusted fuel
controls.

Discharge-nozzle air vent
manifold restricted or
defective.

Dirty or worn hydraulic lifters.

Burned or warped exhaust
valves, seats. Scored valve
guides.

Adjust system as required.

Clean or replace spark plugs.
Adjust fuel controls.

Clean or replace.

Clean or replace.
Repair or replace.

Engine runs rich at cruising power.

Restriction in air-intake passage.

Remove restriction.

Spark plugs continuously foul.

Piston rings worn or broken.
Spark plugs have wrong heat
range.

Overhaul engine.
Install proper range spark plugs.

Sluggish engine operation and low
power.

Improper rigging of controls.

Leaking exhaust system to
turbo.

Restricted air intake.

Turbo wheel rubbing.

Ignition system malfunction.

Carburetor or fuel-injection
system malfunction.

Engine valves leaking. Piston
rings worn or sticking.

Rerig controls.
Correct exhaust system leaks.

Correct restriction.

Replace turbocharger.

Troubleshooting ignition system and
correct malfunction.

Troubleshoot and correct
malfunction.

Overhaul engine.

High cylinder-head temperature.

Octane rating of fuel too low.

Improper manual leaning
procedure.

Bent or loose cylinder baffles.

Dirt between cooling fins.

FIG. 9-15 General engine troubleshooting chart.

Drain fuel and fill with correct grade.

Use leaning procedure set forth in the
operator's manual.

Inspect for condition and correct.

Remove dirt.
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TROUBLESHOOTING CHART—GENERAL ENGINE (Continued)

Indication

Cause

Remedy

Exhaust system leakage.
Excessive carbon deposits in
combustion chambers.

Correct leakage.
Overhaul engine.

Qil pressure gage fluctuates.

Low oil supply.

Determine cause of low oil supply
and replenish.

Engine oil leaks.

Damaged seals, gaskets, O rings,
and packings.

Repair or replace as necessary to
correct leaks.

Low compression.

Excessively worn piston rings
and valves.

Overhaul engine.

Engine will not accelerate
properly.

Unmetered fuel pressure too
high.

Turbocharger waste gate not
closing properly.

Leak in turbocharger discharge
pressure.

Adjust engine fuel pressure according
to specifications.

Refer to turbocharger and controls
manual.

Repair or replace as necessary.

Slow engine acceleration on a hot
day.

Mixture too rich.

Lean mixture until acceleration picks
up. Then return control to FuLL
RICH.

Engine will not stop at 1oLE
CUTOFF.

Manifold valve not seating
tightly.

Repair or replace manifold valve.

Manifold pressure overshoot on
engine acceleration.

Throttle moved forward too
rapidly.

Open throttle about half way. Let
manifold pressure peak, then
advance throttle to full open.

Slow engine acceleration at
airfields with ground elevation
above 3500 ft [1066.80 m].

Mixture too rich.

Lean mixture with manual mixture
contol until operation is
satisfactory.

When climbing to 12,000 ft
[3657.60 m], engine quits when
power reduced.

Fuel vaporization.

Operate boost pump when climbing
to high altitudes. Keep boost pump
on until danger of vapor is
eliminated.

FIG. 9-15 (Continued)

TROUBLESHOOTING CHART—FUEL SYSTEM TROUBLES

Indication

Cause

Remedy

Engine will not start.

No fuel in tank.
Fuel valves turned off.
Fuel line plugged.

Defective or stuck mixture control.
Pressure discharge-nozzle-valve

diaphragm ruptured.
Primer system inoperative.

Fill fuel tank.

Turn on fuel valves.

Starting at carburetor, check fuel line
back to tank. Clear obstruction.

Check carburetor for operation of
mixture control.

Replace discharge-nozzle valve.

Repair primer system.

Engine starts, runs briefly, then stops.

Fuel tank vent clogged.
Fuel strainer clogged.
Water in the fuel system.

Engine fuel pump inoperative or
defective.

Clear the vent line.

Clean fuel strainer,

Drain sump and carburetor float
chamber.

Replace engine-driven fuel pump.

Black smoke issues from exhaust.
Red or orange flame at night.

Engine mixture setting too rich.

Primer system leaking.

At idling speed, idle mixture too rich.

Float level too high.
Defective diaphragm in pressure
carburetor.

Correct the fuel-air mixture
adjustment.

Replace or repair primer valve.

Adjust idle mixture.

Reset carburetor float level.

Replace pressure carburetor.

FIG. 9-16 Fuel system troubleshooting chart.
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TROUBLESHOOTING CHART—FUEL INJECTION

Indication

Cause

Remedy

Engine will not start. No fuel
flow indication.

Fuel-selector-valve in wrong
position.

Dirty metering unit screen.

Improperly rigged mixture
control.

Position fuel-selector-valve handle

to main tank.

Clean screen.

Correct rigging of mixture
control.

Engine acceleration is poor.

Idle mixture incorrect.

Adjust fuel-air control unit.

Engine will not start.

Fuel flow gage shows fuel flow.

Engine flooded.

No fuel to engine.

Clear engine of excessive fuel.

Loosen one line at fuel manifold
nozzle; if no fuel shows,
replace fuel manifold.

Engine idles rough.

Restricted fuel nozzle.
Improper idle mixture.

Clean nozzle.
Adjust fuel-air control unit.

Very high idle and full-throttle
fuel pressure present.

Relief valve stuck closed.

Repair or replace injector pump.

Engine runs rough.

Restricted fuel nozzle.
Improper pressure.

Clean nozzle.
Replace pump.

Low fuel pressure at high power.

Leaking turbocharger discharge
pressure.
Check valve stuck open.

Repair leaking lines and fittings.

Repair or replace injector pump.

Low fuel flow gage indication.

Restricted flow to metering
valve.

Inadequate flow from fuel pump.

Clean fuel filters and/or adjust
mixture control for full travel.
Adjust fuel pump.

Fluctuating or erroneous fuel
flow gage indication.

Vapor in system.

Clogged ejector jet in vapor-
separator cover.
Air in fuel flow gage line.

Clear with auxiliary fuel pump.
Clean jet.

Repair leak and purge line.

High fuel flow gage indication.

Altitude compensator stuck.

Restricted nozzle or fuel
manifold valve.

Recirculation passage in pump
restricted.

Replace fuel pump.
Clean or replace as required.

Replace fuel pump.

Fuel discharging into engine
compartment. Relief valve
probably not operating.

Leaking diaphragm.

Repair or replace injector pump.

No fuel pressure.

Check valve stuck open.

Repair or replace injector pump.

Unmetered fuel pressure.

If high, internal orifices are

plugged.
If low, relief valve stuck open.

Clean internal orifices in injector
pump.
Repair or replace injector pump.

FIG. 9-17 Fuel injection troubleshooting chart.

that may be encountered with one particular fuel injection
system.

Oil System Problems. Oil system troubles are usually
revealed as leaks, absence of oil pressure, low oil pressure,
fluctuating oil pressure, high oil pressure, and high oil con-
sumption. The correction of oil leaks is comparatively sim-
ple in that it involves tracing the leak to its source and then
making the indicated repair. If oil has spread over a large
area of the engine, it is sometimes necessary to wash the

engine with solvent and then operate it for a short period to
find the leak.

A check for oil pressure when an engine is first started is
always a standard part of the starting procedure. If the oil
pressure does not show within about 30 s, the engine is shut
down. Lack of oil pressure can be caused by any one of the
following conditions: no oil in the tank; no oil in the engine
oil pump (therefore, no prime); an air pocket in the oil pump;
an oil plug left out of a main oil passage; an inoperative oil
pump; an open pressure relief valve; a plugged oil supply

234 Chapter 9 Operation, Inspection, Maintenance, and Troubleshooting of Reciprocating Engines



line; or a broken oil line. If there is no oil pressure, the tech-
nician should start with the most likely cause and then check
each possibility in turn until the trouble is located.

Low oil pressure can be caused by a variety of discrep-
ancies including the following: oil pressure relief valve
improperly adjusted, broken oil relief valve spring, sticking
pressure relief valve, plug left out of an oil passage, defec-
tive gasket inside the engine, worn oil pressure pump, worn
bearings and/or bushings, dirty oil strainer, excessive tem-
perature, wrong grade of oil, and leaking oil dilution valve.
The cause of low oil pressure is often more difficult to dis-
cover than the causes of some other oil problems; however,
a systematic analysis of the problem by technicians will
usually lead to a solution. One of the first questions techni-
cians must ask is whether the condition developed gradual-
ly, or showed up suddenly. They should also check how
many hours of operation the engine has had. Another most
important consideration is the actual level of the oil pres-
sure. If it is extremely low, technicians look for an “acute”
condition, and if it is only slightly low, the cause will prob-
ably be different.

High oil pressure can result from only a few causes: an
improper setting of the relief valve, a sticking relief valve,
an improper grade of oil, low temperature of oil and engine,
and a plugged oil passage. The cause can usually be located
easily except in a newly overhauled engine where a relief
valve passage may be blocked. Note that the oil pressure
will be abnormally high when a cold engine is first started
and is not yet warmed up.

High oil consumption is usually the result of wear or
leaks. If blue oil smoke is emitted from the engine breather
and exhaust, most likely the piston rings are worn, so that
blowby occurs. In blowby, pressure built up in the
crankcase causes the oil spray inside the crankcase to be
blown out the breather. High breather pressures occur in
some engines because of buildup of sludge in the breather
tube; this may be detected by excessive leakage in the pro-
peller shaft seal. Cleanness of the breather tube is usually
checked at the 100-h inspection on engines where this may
be a problem. The worn rings also allow oil to pass the pis-
ton and enter the combustion chamber, where it is burned.
This, of course, produces blue smoke at the exhaust.

Another cause of high oil consumption is a worn master
rod bearing in a radial engine; this permits too much oil to
be sprayed from the bearing and into the cylinder bores. If
the scavenger pump is defective, the oil will not be
removed from the sump as rapidly as required, and this will
also lead to excessive oil consumption.

Operating an engine at high power settings and high
temperatures will increase the oil consumption. If an appar-
ently normal engine is using more oil than it should, the
pilot should be questioned regarding engine operation in
flight. The pilot should observe the reading of the oil pres-
sure gage frequently during operation. If the gage should
begin to fluctuate, the flight should be terminated as soon
as possible because there may be a low oil supply.

Induction System Problems. The designs of induc-
tion systems for reciprocating engines vary considerably
for different aircraft-and-engine combinations. The sim-
plest types of induction systems include an air filter in the
forward-facing air scoop, a carburetor air heating system,
ducting to the carburetor, the carburetor, and an intake

manifold or intake pipes that carry the F/A mixture to the
valves. Other systems include turbochargers, superchargers,
alternate air systems, and carburetor deicing systems. For a
particular aircraft-engine combination, the technician
should consult the operator’s and maintenance manuals for
the aircraft. Induction systems are described in Chap. 5.
These problems may arise in a typical induction system:

. Dirty and/or damaged air filter

. Worn, loose, or damaged air ducting

. Loose or defective air temperature bulb

. Defective air heater valve

. Defective alternate air valve

. Loose carburetor mounting

. Defective carburetor mounting gasket

. Leaking packings or gaskets at intake pipes
. Leaking intake manifold
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Any crack or other opening that allows air to enter an
intake manifold, in naturally aspirated engines, will cause
the F/A mixture to be excessively lean and may cause
engine damage and adversely affect engine performance.
Leaks in the intake manifold of a supercharged or tur-
bocharged engine will allow the F/A mixture to escape,
thus reducing MAP and engine power output.

Inspection of a typical induction system includes the fol-
lowing:

1. Check the air filter for condition, cleanness, and
security. Service the air filter according to instructions.

2. Check the air ducting to the carburetor for wear dam-
age, cracks, and security of mounting.

3. Check the air heater valve and ducting for wear,
cracks, and security of mounting. Check the valve door
bearings for wear, and lubricate according to instructions.

4. Check the CAT bulb for security.

5. Check the carburetor mounting for security. Tighten
any loose bolts or cap screws.

6. Check the carburetor mounting gasket for possible air
leakage. Replace the gasket if it is damaged.

7. Check the intake pipes and/or manifold for condition
and security.

8. Check the intake pipe packing nuts for tightness.
Check the packings or gaskets for shrinkage or damage.

9. Check the alternate air system for condition.

Backfiring. - Backfiring occurs when the flame from
the combustion chamber burns back into the intake mani-
fold and ignites the F/A mixture before the mixture enters
the engine. It often occurs during starting of a cold engine
because of poor (slow) combustion. The F/A mixture in the
cylinder is still burning at the time the intake valve opens,
and the flame burns back through the intake valve. This
sometimes causes a fire in the induction system.

Any defect in the carburetor or fuel control system
which causes an excessively lean mixture can lead to back-
firing. If the condition persists after an engine is warmed
up, follow a systematic procedure to locate the cause.

Another cause of backfiring is sticking intake valves.
This does not usually occur with a new or recently over-
hauled engine, but it is likely to be encountered with an
older engine operated at high temperatures. If a sticking
intake valve remains open, it can cause the engine to stop
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and may cause considerable damage to the induction sys-
tem.

Ignition troubles often cause backfiring. If high-tension
current leaks at the distributor block, it can cause the plugs
to fire out of time, so that the mixture may fire in a cylinder
when the intake valve is open. If a newly overhauled
engine is being started for the first time and backfiring per-
sists, the technician should check for ignition timing and
for proper connection of the spark plug leads. Ignition out
of time can also cause afterfiring through the exhaust.

Afterfiring. Afterfiring is the burning of F/A mixture
in the exhaust manifold after the mixture has passed
through the exhaust valve. It is characterized by explosive
sounds and large flames trailing outward from the exhaust
stacks (torching). Usually excessive fuel (rich mixture) in
the exhaust continues to burn after the mixture leaves the
cylinder. The condition may be caused by overpriming,
excessively rich mixture, poor ignition, and improper tim-
ing. Since there are comparatively few causes of afterfiring,
it is usually easy to correct.

REVIEW QUESTIONS

1. If a fire occurs during starting of the engine,
what should the operator do?

2. What fire extinguishing agent is commonly used
on a reciprocating engine fire?

3. When starting an engine with a float-type carbu-
retor, where should the mixture control be positioned?

4. What is meant by the term “liquid lock”?
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5. What should be done if there is no indication of
oil pressure shortly after starting the engine?

6. In the operation of an engine with a constant-
speed propeller, what sequences should be followed in
changing power settings?

7. What is meant by "cruise control”?

8. How is maximum range obtained in the opera-
tion of an aircraft engine?

9. When an engine is equipped with a carburetor
which has an idle cutoff, what is the procedure for
shutting down the engine?

10. Why is the mixture leaned out on a reciprocating
engine?

11. What is the general procedure for leaning out
the mixture on an engine equipped with a float-type
carburetor?

12. What operating procedures can help reduce lead
fouling of the spark plugs?

13. What is meant by preheating an engine?

14. What should be used to clean an aircraft engine?

15. What inspection should be made with respect to
the engine when an oil screen is serviced?

16. How is an oil filter inspected when it is removed
from an engine during inspection?

17. Name two types of compression testers utilized
on reciprocating engines.

18. When using a differential-pressure compression
tester, what percentage pressure loss is considered
unacceptable?

19. What are the procedures for servicing a dry-
paper induction air filter?

20. List the six steps that should be utilized in trou-
bleshooting an engine.
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