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AIRCRAFT ENGINES:  For most of the last fifty years, engines made for light 
general aviation aircraft have been essentially unchanged and have been 
produced by a handful of manufacturers worldwide.  Engines in older aircraft 
have been repaired and rebuilt over and over again as the hours and miles 
have accumulated.  They are not much different in concept, except for weight 
and air cooling, from the automobile engines of the 1950’s and 1960’s which 
were endlessly modified by generations of teenagers.  Aircraft engines stayed 
the same because demand was limited, and certification requirements were 
extensive and expensive.  More recently, new and modified engines have 
appeared which are more like modern automobile engines and modern 
outboard motors with computerized controls, fuel injection, stronger and lighter 

alloys, and sophisticated electronics.  Diesel engines are now available for small aircraft and an 
entire new generation of lightweight jet aircraft is being developed. 
 
The traditional designs are very simple and feature redundant systems such as duplicate 
magnetos and spark plugs and a backup fuel pump to make them more reliable.  Two separate 
magnetos are turned by the crankshaft to provide electricity to two spark plugs in each cylinder.  
This means that the engine will keep running if one of the magnetos should fail.  Once the 
engine is running, it does not need power from the battery because the magnetos supply 
current to the spark plugs and the oil and fuel pumps are driven from the crankshaft.  The use 
of dual spark plugs provides an additional safety factor. 
 
Some high wing aircraft use a gravity feed fuel system, eliminating the need for a fuel pump.  
Where a fuel pump is needed there is usually one main pump driven from the engine and 
another, backup, pump operated electrically.  If an electric backup pump is used, it is often 
operated in tandem with the main fuel pump during takeoff, landing, and when changing fuel 
tanks.  Checking the fuel and oil for quantity, type, and water and other contaminants is an 
essential part of the pre-flight inspection. 
 
The magnetos are controlled in the cockpit by an Ignition Switch 
with five positions: OFF, R (Right), L (Left), BOTH, START.  The 
system operates with BOTH selected and the individual magnetos 
are tested by briefly switching to each one and observing the 
decrease in engine RPM.  The exact procedures and readings differ 
for each individual aircraft and are covered in the Pilot Operating 
Handbook (POH).  When START is selected, current is routed from 
the battery to the starter motor. 

                                                                                     
Small aircraft often use a Master Switch to control the electrical system.  The 
Master Switch is usually a two part rocker switch, battery on one side to control 
electric current from the battery, and alternator on the other to control current 
from the alternator.  Both sides can be turned off and on together.  The alternator 
circuit can be turned off separately if the alternator malfunctions.  Most aircraft 
use an alternator instead of a generator because an alternator provides sufficient 

current when operated at low speeds.  The electrical system is not needed to keep the engine 
running unless it is needed to power the backup fuel pump but it does run lights, radio, the turn 
indicator, instrument lights, Pitot heat, fuel gauges, the stall warning system, the starter, and 
other operational and navigation items.  An ammeter measures the electrical current being 
produced and also indicates whether or not the battery is charging. 
 
Aircraft engines generally have four or six cylinders and are classified as four stroke with an 
operating cycle consisting of intake, compression, power and exhaust.  Some smaller engines 
operate on a two stroke cycle.  Most small aircraft engines use a carburetor to mix the fuel and 
air and supply it to each cylinder through the intake manifold.  Some more recent engines 
replace the carburetor with a fuel injection system. In a fuel injection system, the fuel is injected 
either directly into the cylinders or just ahead of the air intake valve.  Gauges indicate RPM, oil 
pressure, oil temperature and, often, cylinder-head temperature and manifold pressure.   
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FLIGHT INSTRUMENTS:  Aircraft instrumentation for General Aviation is improving very rapidly 
with the introduction of glass (computer display) instrument panels, GPS, collision and storm 
avoidance systems, real time weather information, and hand held and miniaturized computer 
power.  The basics haven’t changed though, and pilots still depend on instruments which have 
been standard for many years.  Even with the glass panels, the older type instruments are 
present for backup. 
 

               (Wikipedia) 

There are six basic flight instruments, usually arranged in a standardized arrangement known 
as the "basic T" and sometimes referred to as the “six pack.” The attitude indicator is in top 
center, airspeed to the left, altitude to the right and heading indicator under the attitude 
indicator. The other two, turn-coordinator and vertical-speed are usually found under the 
airspeed and altitude respectively. 
 
PITOT-STATIC INSTRUMENTS:  Three of the instruments are called pitot-static instruments 
and operate with inputs from the Pitot tube and the static ports.  These are the Airspeed 
Indicator, the Vertical Speed Indicator and the Altimeter.  

 
The diagram to the left shows the 
relationship between these instruments and 
the Pitot tube and static ports.  The Pitot 
tube is named for the French engineer 
Henri Pitot and measures the ram air 
pressure created by the forward motion of 
the aircraft through the air.  It is usually 
mounted facing forward on the front portion 
of a wing or the fuselage where the air flow 
will be relatively undisturbed.  The static 
ports measure the air pressure at the actual 
altitude of the aircraft and consist of flush-

mounted holes located on one or on both sides of the fuselage and connected to the 
instruments via a hollow tube.  Sometimes both the Pitot tube and a static port are combined in 
a Pitot-static tube.  As illustrated in the diagram, the Vertical Speed Indicator and the Altimeter 
get their input from the static ports only and the Airspeed Indicator receives and compares the 
inputs from both the Pitot tube and the static ports. 
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Add the Moments for the aircraft itself and for each item of weight (Weight x Arm = Moment), 
then divide total Moment by total weight to get Center of Gravity (CG).  (Total Moment / Total 
Weight = Center of Gravity (CG)).  Moment is sometimes shown divided by 100 or by a larger 
constant in order to simplify calculations.  Check that the CG falls within the limits specified for 
the aircraft at calculated weight.   Don’t forget to check for the maximum takeoff and landing 
weights specified for the aircraft.  Check to see whether aircraft weight includes unusable fuel 
& undrainable oil.  Weights of common fluids are shown below: 
 

Fluid    Color  lbs/gal 
Gasoline 80   Red  6 
Gasoline 100  Green  6 
Gasoline 100LL   Blue  6 
Engine Oil    7.5 
Water    8.4 
Hydraulic Fluid   7.2 
Jet Fuel JP-4   6.5 

 
STALL SPEED, BANK ANGLE, and LOAD FACTOR:  The stall speed of an aircraft 
increases as the aircraft is banked or tilted into a turn.  Knowledge of stall speeds and bank 
angles is particularly important during maneuvering at slow speeds prior to landing.  The 
theory is not difficult to understand and is explained below and in the AERODYNAMICS 
section of this Reference.  The load factor is the ratio of the load supported by the airplane’s 

wings to the actual weight of the aircraft and its contents.  Load factor is expressed as a “G” 
factor, where a load of two times the weight is termed 2 “G’s”.  The upshot is that as you bank 
and turn the airplane, centrifugal force takes effect, the load on the aircraft increases and the 
stall speed goes up.  This means that as the wing is made to support a greater load, the angle 
of attack increases, the smooth flow of air over the airfoil breaks up and separates, and the 
airplane will be unable to fly once the stall speed is reached.  As shown below, an airplane 
which stops flying at the low speed of 35 knots will stop flying at the much higher speed of 49 
knots if it is banked to an angle of sixty degrees.     
. 

       
 
The stall speed increases in proportion to the square root of the Load (“G”) Factor and the 
Load Factor increases as the angle of bank is increased.  The Load Factor chart, above left, 
shows the load factor for an aircraft at differing angles of bank.  The next chart labeled Stall 
Speed Multiplier shows the square root of that load factor for each angle of bank.  For 
example, at a 60 angle of bank the load factor is 2 and the square root of 2 is 1.41. 
 
TO USE THE CHARTS: Determine from the POH/AFM the level flight uaccelerated stall speed 
of your aircraft and multiply it by the number shown for the desired angle of bank.  For a 
Cessna 152 (1985), the flaps down stall speed is 35 knots indicated.  Multiply 35 times 1.41 
and the result, 49 KIAS, is the calculated stall speed at 60 of bank for this particular aircraft. 

  




