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WELCOME

!e publishers of this Aviation Maintenance Technician CertiÞcation Series welcome you to the world of aviation 
maintenance. As you move towards your certiÞcation, you are required to gain suitable knowledge and experience 
in your chosen area. QualiÞcation on basic subjects for each aircraft maintenance license category or subcategory 
is accomplished in accordance with the following matrix. Where applicable, subjects are indicated by an "X" in 
the column below the license heading.

For other educational tools created to prepare candidates for licensure, contact Aircraft Technical Book Company.

We wish you good luck and success in your studies and in your aviation career!

EASA LICENSE CATEGORY CHART

A or B1 Helicopter with: B2 B3

Turbine
Engine(s)

Turbine
Engine(s)

AvionicsPiston
Engine(s)

Piston
Engine(s)

Piston-engine
non-pressurized 
aeroplanes 2000 kg 
MTOM and below

Subject Module

A or B1 Aeroplane with:

 1 X X X X X X
 2 X X X X X X
 3 X X X X X X
 4 X X X X X X
 5 X X X X X X
 6 X X X X X X
 7A X X X X X 
 7B      X
 8 X X X X X X
 9A X X X X X 
 9B      X
 10 X X X X X X
 11A X
 11B  X
 11C      X
 12   X X
 13     X
 14     X
 15 X  X
 16  X  X  X
 17A X X
 17B      X
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PART-66 and the Acceptable Means of Compliance (AMC) and Guidance Material (GM) of the European 
Aviation Safety Agency (EASA) Regulation (EC) No. 1321/2014, Appendix 1 to the Implementing Rules 
establishes the Basic Knowledge Requirements for those seeking an aircraft maintenance license. �e information 
in this Module (16) of the Aviation Maintenance Technical Certi�cation Series published by the Aircraft 
Technical Book Company meets or exceeds the breadth and depth of knowledge subject matter referenced in 
Appendix 1 of the Implementing Rules. However, the order of the material presented is at the discretion of 
the editor in an e�ort to convey the required knowledge in the most sequential and comprehensible manner. 
Knowledge levels required for Category A, B1, B2, B3, and C aircraft maintenance licenses remain unchanged 
from those listed in Appendix 1 Basic Knowledge Requirements. Tables from Appendix 1 Basic Knowledge 
Requirements are reproduced at the beginning of each module in the series and again at the beginning of each 
Sub-Module.
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1.2 Module 16 - Piston Engine

PISTON ENGINE-
FUNDAMENTALS
OPERATING PRINCIPLES

FUNDAMENTAL RECIPROCATING ENGINE 
OPERATING PRINCIPLES
!e relationships between pressure, volume, and 
temperature of gases are the basic principles of engine 
operation. An internal combustion engine is a device 
for converting heat energy into mechanical energy. 
Gasoline is vaporized and mixed with air, forced or 
drawn into a cylinder, compressed by a piston, and 
then ignited by an electric spark. !e conversion of 
the resultant heat energy into mechanical energy and 
then into work is accomplished in the cylinder. Figure 
1.1 illustrates the various engine components necessary 
to accomplish this conversion and also presents the 

principal terms used to indicate engine operation.
On a typical four-stroke aircraft engine, the operating 
cycle of an internal combustion reciprocating engine 

includes the series of events required to induct, 
compress, ignite, and burn, causing expansion of the 
fuel/air charge in the cylinder and to scavenge or exhaust 
the byproducts of the combustion process. When the 
compressed mixture is ignited, the resultant gases of 
combustion expand very rapidly and force the piston 
to move away from the cylinder head. !is downward 
motion of the piston, acting on the crankshaft through 
the connecting rod, is converted to a circular or rotary 
motion by the crankshaft. A valve in the top or head of 
the cylinder opens to allow the burned gases to escape, 
and the momentum of the crankshaft and the propeller 
forces the piston back up in the cylinder where it is 
ready for the next event in the cycle. Another valve in 
the cylinder head then opens to let in a fresh charge of 
the fuel/air mixture. !e valve allowing for the escape 
of the burning exhaust gases is called the exhaust valve, 
and the valve that lets in the fresh charge of the fuel/
air mixture is called the intake valve. !ese valves are 
opened and closed mechanically at the proper times by 
the valve-operating mechanism.

!e bore of a cylinder is its inside diameter. !e 
stroke is the distance the piston moves from one 
end of the cylinder to the other, specifically from top 
dead center (TDC) to bottom dead center (BDC), 
or vice versa. [Figure 1-1]

OPERATING CYCLES 
!ere are several engine operating cycles in use:
 1. Four-stroke
 2. Two-stroke
 3. Rotary
 4. Diesel

FOUR-STROKE CYCLE 
!e vast majority of certified aircraft reciprocating  
engines operate on the four-stroke cycle, sometimes called 
the Otto cycle after its originator, a German physicist. 
!e four-stroke cycle engine has many advantages for use 
in aircraft. One advantage is that it lends itself readily to 
high performance through supercharging.

In this type of engine, four strokes are required to complete 
the required series of events or operating cycle of each 
cylinder. Refer to Figure 1-2. Two complete revolutions 
of the crankshaft (720°) are required for the four strokes; 
thus, each cylinder in an engine of this type fires once in 
every two revolutions of the crankshaft. In the following 

TDC

BDC

Piston 

Spark plug 

Intake valve Exhaust valve 

Connecting rod 

Stroke 

Top center 

Bottom center 

Crankshaft 

Cylinder flange 

Combustion chamber 

Figure 1-1. Piston engine design and components.
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discussion of the four-stroke cycle engine operation, note 
that the timing of the ignition and the valve events vary 
considerably in different engines. Many factors influence 
the timing of a specific engine, and it is most important 
that the engine manufacturer’s recommendations in 
this respect be followed in maintenance and overhaul. 
!e timing of the valve and ignition events is always 
specified in degrees of crankshaft travel. It should be 
remembered that a certain amount of crankshaft travel 
is required to open a valve fully; therefore, the specified 
timing represents the start of opening rather than the 
full-open position of the valve. An example valve timing 
chart can be seen in Figure 1-3. 

INTAKE STROKE 
During the intake stroke, the piston is pulled downward 
in the cylinder by the rotation of the crankshaft. !is 
reduces the pressure in the cylinder and causes air under 
atmospheric pressure to flow through the fuel metering 
device, which meters the correct amount of fuel in 

proportion to the air ingested by the cylinders. !e fuel/
air mixture passes through the intake pipes and intake 
valves into the cylinders. !e quantity or weight of the 
fuel/air charge depends upon the degree of throttle 
opening.

!e intake valve is opened considerably before the 
piston reaches TDC on the exhaust stroke, in order 
to induce a greater quantity of the fuel/air charge 
into the cylinder and thus increase the horsepower  
(see Figure 1-3). !e distance the valve may be opened 
before TDC, however, is limited by several factors, such 
as the possibility that hot exhaust gases remaining in 
the cylinder from the previous cycle may flash back into 
the intake pipe and induction system.

In all high-power aircraft engines, both the intake and 
the exhaust valves are off their valve seats at TDC at 
the start of the intake stroke. As mentioned above, the 
intake valve opens before TDC on the exhaust stroke 
(valve lead), and the closing of the exhaust valve is 
delayed considerably after the piston has passed TDC 
and has started the intake stroke (valve lag). !is timing 
is called valve overlap and is designed to aid in cooling 
the cylinder internally by circulating the cool incoming 
fuel/air mixture, to increase the amount of the fuel/air 
mixture induced into the cylinder, and to aid in scavenging 
the byproducts of combustion from the cylinder. Figure 1-2. Four-stroke cycle.
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Valves 
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Start cycle 50° BTC  
Intake valve opens 

Intake valve  
closes 30° ABC 

One complete actual cycle of a four-stroke cycle reciprocating engine 

Figure 1-3. Four-stroke valve timing.
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!e intake valve is timed to close about 50° to 75° 
past BDC on the compression stroke as the piston is 
moving up the cylinder, depending upon the specific 
engine, to allow the momentum of the incoming 
gases to charge the cylinder more completely. Because 
of the comparatively large volume of the cylinder above 
the piston when the piston is near BDC, the slight 
upward travel of the piston during this time does not 
have a great effect on the incoming flow of gases. 
!is late timing can be carried too far because the gases 
may be forced back through the intake valve and defeat 
the purpose of the late closing.

COMPRESSION STROKE
After the intake valve is closed, the continued upward 
travel of the piston compresses the fuel/air mixture to 
obtain the desired burning and expansion characteristics. 
!e charge is fired by means of an electric spark as the 
piston approaches TDC. !e time of ignition typically 
varies from 20° to 35° before TDC, depending upon the 
requirements of the specific engine to ensure complete 
combustion of the charge by the time the piston is 
slightly past the TDC position.

Many factors affect ignition timing, and the engine 
manufacturer has expended considerable testing to 
determine the best setting. All engines incorporate devices 
for adjusting the ignition timing,  and it is most important 
that the ignition system be timed according to the engine  
manufacturer’s recommendations.

POWER STROKE
As the piston moves through the TDC position at 
the end of the compression stroke and starts down on 
the power stroke, it is pushed downward by the rapid 
expansion of the burning gases within the cylinder head 
with a force that can be greater than 15 tons (30,000 
psi) at maximum power output of the engine. !e 
temperature of these burning gases may be between 
3,000°F and 4,000°F (1,650°C and 2,200°C). As the 
piston is forced downward during the power stroke by 
the pressure of the burning gases exerted upon it, the 
downward movement of the connecting rod is changed 
to rotary movement by the crankshaft. !en, the rotary 
movement is transmitted to the propeller shaft, or 
propeller gear reduction system, to drive the propeller. 
As the burning gases are expanded, the temperature 
drops to within safe limits before the exhaust gases flow 
out through the exhaust port.

!e timing of the exhaust valve opening is determined 
by, among other considerations, the desirability of 
using as much of the expansive force as possible and 
of scavenging the cylinder as completely and rapidly as 
possible. !e valve is opened considerably before BDC on 
the power stroke (on some engines at 50° and 75° before 
BDC) while there is still some pressure in the cylinder. 
!is timing is used so that the pressure can force the 
gases out of the exhaust port as soon as possible. !is 
process frees the cylinder of waste heat after the desired 
expansion has been obtained and avoids overheating the 
cylinder and the piston. !orough scavenging is very 
important, because any exhaust products remaining in 
the cylinder dilute the incoming fuel/air charge at the 
start of the next cycle.

EXHAUST STROKE
As the piston travels through BDC at the completion 
of the power stroke and starts upward on the exhaust 
stroke, it begins to push the burned exhaust gases out 
the exhaust port. !e speed of the exhaust gases leaving 
the cylinder creates a low pressure in the cylinder. !is 
low or reduced pressure speeds the flow of the fresh fuel/
air charge into the cylinder as the intake valve begins to 
open. !e intake valve opening is timed to occur at 8° to 
55° before TDC on the exhaust stroke on various engines. 

TWO-STROKE CYCLE
!e two-stroke-cycle engine has re-emerged being 
used in ultra-light, light sport, and many experimental 
aircraft. As the name implies, two-stroke cycle engines 
require only one upstroke and one down stroke of the 
piston to complete the required series of events in the 
cylinder. !us, the engine completes the operating cycle 
in one revolution of the crankshaft. !e intake and 
exhaust functions are accomplished during the same 
stroke. !ese engines can be either air or water cooled 
and generally require a gear reduction housing between 
the engine and propeller.

In comparison to a conventional four-stroke power 
plant, two-stroke engines have some unique operational 
features. Oil is mixed with the fuel to lubricate the 
connecting rods and bearings associated with the 
crankshaft, wrist pin and bearing, and rings and cylinder 
wall. !is oil is consumed during the ignition and power 
stroke of the engine. Also, two-stroke engines often run 
at relatively high rpms.
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!e cylinders of two-stroke engines contain a series of 
ports that are crucial to the operation of the engine. 
!ese ports are blocked and unblocked by the piston as 
it travels up and down the cylinder. !e locations and 
dimensions of these ports are engineered to provide the 
desired performance of the two-stroke engine.

!e piston rings of a two-stroke engine are different from 
those of a four-stroke power plant. !e rings are pinned 
within the ring groove to prevent their rotation during 
operation. If the piston rings were free to revolve in their 
grooves, the ends of the rings would become snagged 
in the cylinder ports resulting in ring, and ultimately, 
engine failure. Also, two-stroke engines do not use oil 
and scraper rings as the lubricant is mixed with the fuel/
air charge and consumed during the combustion process.

!e intake flow of the fuel/air/oil mixture begins 
as the piston travels to TDC. Unlike a four-stroke 
engine, the crankcase has sealed chambers for each 
cylinder. !e movement of the piston from BDC to 
TDC generates a low pressure in the crankcase chamber. 
!is action draws the fuel/air/oil charge into the 
crankcase chamber. As the piston travels from TDC 
to BDC, the fuel/air/oil charge contained in the 
crankcase becomes compressed. When the piston 
unblocks the transfer ports located along the cylinder 
wall, the fuel/air/oil charge travels from the crankcase 
chamber into the cylinder. After reaching BDC and 
moving toward TDC, the ports along the cylinder 
wall are blocked by the piston. !is allows the upward 
moving piston to compress the fuel/air/oil charge 
before the ignition event. As with the four-stroke 
engine, the combustible mixture is ignited before 
the piston reaches TDC.

After ignition, the pressure generated by the expanding 
gases increases as the piston reaches TDC and travels 
down the cylinder wall until the exhaust port is 
unblocked. Exhaust gases escape through the exhaust 
port. As the piston continues its downward movement, 
the transfer ports are opened to allow the fuel/air/oil 
charge in the crankcase chamber to flow into the cylinder 
for the next cycle.

One advantage offered by the two-stroke engine is  
its relative light weight when compared to the four-
stoke engine. !e time-between-overhaul (TBO) is 
generally shorter on a two-stroke engine than a four-

stroke engine. Overall, the overhaul of the two-stroke 
is somewhat simpler due to the lack of intake and 
exhaust valves and a number of other components 
included in the four-cycle engine.

ROTARY CYCLE
!e rotary cycle has a three-sided rotor that turns 
inside an elliptical housing, completing three of the 
four cycles for each revolution. !ese engines can be 
single rotor or multi-rotor and can be air-cooled or 
water-cooled. !ey are used mostly with experimental 
and light aircraft. Vibration characteristics are also very 
low with this type of engine.

Where a piston power plant uses the cylinder to complete 
all the events associated with the operation of the engine, 
the housing of a rotary engine, also know as a Wankel, 
has separate compartments that serve specific functions. 
Using ports that are covered and uncovered by the 
triangular rotor, the intake occurs in a separate segment 
of the housing. As the rotor revolves within the housing, 
it uncovers the intake port and fills the housing with 
the fuel/air charge as the rotor/housing area increases 
in volume. After the rotor seals off the intake port, the 
rotor/housing area decreases. !is compresses the fuel/
air charge. !e ignition occurs when the rotor/housing 
area is at a minimum. !is is the combustion region of 
the housing. Ignition is delivered from two spark plugs. 
!e timing of the two sparks is staggered to generate a 
more complete combustion process. 

!e expanding gases from the combustion event cause 
the rotor to turn as the volume in the rotor/housing area 
increases. !is is similar to the downward movement 
of a piston during the power stroke of a reciprocating 
engine. As the rotor continues to rotate during the power 
phase, the exhaust port becomes unblocked, allowing 
the exhaust gases to escape. !e cycle begins anew as 
the rotor revolves within the housing for the next intake 
event. Because the rotor has three surfaces, all three 
sides experience the intake, compression, power, and 
exhaust phases in a continuous sequence. Refer to 
Figure 1-4. !e rotor uses apex and face seals that 
serve functions similar to those of piston rings on a 
reciprocating power plant. !e rotor, or rotors, are 
connected to an output shaft that somewhat resembles 
the crankshaft of a piston engine. !e output shaft 
passes through the center of the rotor(s) and revolves as 
the rotor(s) turn within the housing. !e output shaft 
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is connected to a propeller gear reduction housing that 
spins the propeller. Refer to Figure 1-5.

DIESEL CYCLE
!e diesel cycle depends on high compression pressures 
to provide for the ignition of the fuel/air charge in 
the cylinder. After air is drawn in the cylinder, it is 
compressed by a piston and, at maximum pressure, 
fuel is sprayed in the cylinder. At this point, the high 
pressure and temperature in the cylinder causes the fuel 
to burn increasing the internal pressure of the cylinder. 
!is drives the piston down, turning or driving the 
crankshaft. Water and air-cooled engines that can 
operate on JET A fuel (kerosene) use a version of the 
diesel cycle. !ere are many types of diesel cycles, in use 
including two-stroke and four-stroke diesels.

ENGINE CONFIGURATION
Aircraft engines can be classified by several methods. !ey 
can be classed by operating cycles, cylinder arrangement, 
or the method of thrust production. All are heat engines 

that convert fuel into heat energy that is converted to 
mechanical energy to produce thrust. Most of the 
current aircraft engines are of the internal combustion 
type because the combustion process takes place inside 
the engine. Aircraft engines come in many different 
types, such as gas turbine based, reciprocating piston, 
rotary, two or four cycle, spark ignition, diesel, and air 
or water cooled. Reciprocating and gas turbine engines 
also have subdivisions based on the type of cylinder 
arrangement (piston) and speed range (gas turbine). 

Many types of reciprocating engines have been designed. 
However, manufacturers have developed some designs 
that are used more commonly than others and are, 
therefore, recognized as conventional. Reciprocating 
engines may be classified according to the cylinder 
arrangement (inline, V-type, radial, and opposed) or 
according to the method of cooling (liquid cooled or 
air cooled). Actually, all piston engines are cooled by 
transferring excess heat to the surrounding air. In air-
cooled engines, this heat transfer is direct from the 
cylinders to the air. !erefore, it is necessary to provide 
thin metal fins on the cylinders of an air-cooled engine 
in order to have increased surface area for sufficient 
heat transfer. Most reciprocating aircraft engines are 
air cooled although a few high powered engines use an 
efficient liquid-cooling system. In liquid-cooled engines, 
the heat is transferred from the cylinders to the coolant, 
which is then sent through tubing and cooled within a 
radiator placed in the airstream. !e coolant radiator 
must be large enough to cool the liquid effectively and 
efficiently. !e main problem with liquid cooling is 
the added weight of coolant, heat exchanger (radiator), 
water pump, and associated tubing to connect the 
components. Liquid cooled engines do allow high power 
to be obtained from the engine safely. Certain engines 
designed for use in light aircraft may be cooled by liquid 
or a combination of air and liquid.

INLINE ENGINES
An inline engine generally has an even number of 
cylinders, although some three-cylinder engines have 
been constructed. !is engine may be either liquid 
cooled or air cooled and has only one crankshaft, which 
is located either above or below the cylinders. If the 
engine is designed to operate with the cylinders below 
the crankshaft, it is called an inverted inline engine.

Figure 1-5. Rotary engine rotors, housing, and output shaft.

Figure 1-4. Rotary engine phases of operation.
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!e inline engine has a small frontal area and is better 
adapted to streamlining. When mounted with the cylinders 
in an inverted position, it offers the added advantages 
of a shorter landing gear and greater pilot visibility. 
With increase in engine size, the air cooled, inline type 
offers additional problems to provide proper cooling; 
therefore, this type of engine is confined to low- and 
medium-horsepower engines used in older light aircraft. 

OPPOSED OR O-TYPE ENGINES
!e opposed-type engine has two banks of cylinders 
directly opposite each other with a crankshaft in the 
center as shown in Figure 1-6. !e pistons of both 
cylinder banks are connected to the single crankshaft. 
Although the engine can be either liquid cooled or air 
cooled, the air-cooled version is used predominantly in 
aviation. It is generally mounted with the cylinders in a 
horizontal position. !e opposed-type engine has a low 
weight-to-horsepower ratio, and its narrow silhouette 
makes it ideal for horizontal installation on the aircraft 
wings (twin engine applications). Another advantage is 
its low vibration characteristics.

Opposed engines are normally designated with the letter 
“O” and a dash followed by the piston displacement. For 
example, an O-360 is an opposed engine with 360 cubic 
inches of displacement. If the is no prefix before the “O”, 
the engine will likely be mounted with the crankshaft 
in a horizontal position. If the letter “V” precedes the 
letter “O”, (e.g., VO-360), the engine is mounted with 
the crankshaft in the vertical position. !is is common 
with early generation reciprocated powered helicopters. 
When an opposed engine includes the prefix “I”, such as 

IO-360, the engine is fuel injected. !e prefix “T” or “TS” 
indicates the engine has a turbo-supercharging system. 
!e prefix “G” designates a geared engine. A prefix of “L” 
is used to show that the engine has left-hand rotation as 
view from the rear of the engine looking forward.

V-TYPE ENGINES
In V-type engines, the cylinders are arranged in two in-
line banks generally set 60° apart. Most of the V-type 
engines have 12 cylinders, which are either liquid 
cooled or air cooled. !e engines are designated by a V 
followed by a dash and the piston displacement in cubic 
inches. For example, V-1710. !is type of engine was 
used mostly during the second World War and its use is 
largely limited to older aircraft.

RADIAL ENGINES
!e radial engine consists of a row, or rows, of cylinders 
arranged radially about a central crankcase as illustrated 
in Figure 1-7. !is type of engine has proven to be very 
rugged and dependable. !e number of cylinders which 
make up a row may be three, five, seven, or nine. 

Some radial engines have two rows of seven or nine 
cylinders arranged radially about the crankcase, one in 
front  of the other in a staggered arrangement. !ese 
are called double-row radials. See Figure 1-8. One type 
of radial engine has four rows of cylinders with seven 
cylinders in each row for a total of 28 cylinders. Radial 
engines are still used in some older cargo planes, war 
birds, and crop spray planes. Although many of these 
engines still exist, their use is limited. !e single-

Figure 1-6. Four-cylinder opposed engine.

Figure 1-7. Single-row radial engine.
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