FUNDAMENTALS OF DIESEL ENGINES
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I. ENGINE FUNDAMENTALS:

A. ABC's of Internal Combustion Engines (film):


The three ingredients for combustion are: air, fuel, and ignition.  "Spark Ignition" is the type of ignition system used on gasoline engines. 

    Sources of ignition:  

a. _______________________  
b. _______________________

Reciprocating Motion: the movement of the pistons______ and ______ within the cylinder. 
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Rotary Motion: the round and

round motion of the crankshaft

after converting the reciprocating

motion of the pistons. The crankshaft

changes reciprocating motion into 

rotary motion.


The four phases of operation,
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or strokes, that an engine goes 

through are: intake, compression,

power, & exhaust. Explain each stroke

B. ABC's of Diesel Engines (film):


The diesel engine is similar in design to that of a gasoline engine. They both follow an operating cycle that consists of: intake, compression, power, and exhaust. They also share the same system for intake and exhaust valves. The major difference is that gasoline engines use spark ignition and diesel engines use the heat of compression to ignite the fuel and air mixture. This is called "compression ignition." 
     The diesel engine has many advantages over the gasoline engine: greater efficiency, better fuel economy, it can use a wide variety of fuels, and less pollutants. The major advantage is greater torque. Disadvantages are: they cost more, very noisy, heavier, larger, and they are not adaptable in many applications.
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Two-Stroke vs. Four-Stroke

The two-stroke diesel engine

only has two strokes, compression

and power. It uses no intake 

valves, but has intake ports and

uses a blower. The two-stroke is

well suited for many applications

requiring immediate torque due to

rapid acceleration. Because of 

frequency of the power strokes,

it can take on additional loads 

with little problem. It runs 

smoother than a four-stroke engine.

Two-Stroke Terms:


1. Scavenging: The removing of burnt gases by the entry of fresh air into the combustion chamber.


2. Cylinder Ports: Holes machined into the cylinder liner at an angle to allow fresh air to enter.


3. Air Box: A chamber in the cylinder block between the blower and the cylinder liners. The air box surrounds the cylinders. The blower keeps the air filled.

C. Engine Classification: 
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Internal combustion engines are classified by many methods. The first method is by how the engine is cooled.


1. __________________


2. __________________


Air-Cooled engines use the air 

circulating around the engine to cool 

the internal and external parts. Does not 

use coolant/antifreeze. Used mostly on small

engines. Examples 

___________________________________________

    Liquid-Cooled engines use a type of
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coolant/antifreeze forced, by the water

pump, to the hot spots of the engine and

is allowed to cool within the radiator.

Used on most large engine
D. Valve Arrangement

There are two types of engine valves:

intake and exhaust. Engines can be classified

by the arrangement of its valves and type of

valve train. “Flathead” engines- valves located 

only in cylinder block. The first three valve 

arrangements we will talk about are ”flathead” 
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engines.
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1. T-Head: Intake & exhaust valves located 

in cylinder block on opposites sides of the  

cylinder. “One camshaft for the intake 

valves and one camshaft for exhaust valves”.
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2. L-Head: Intake & exhaust valves located

in cylinder block on the same side of the

cylinder. “Requires only one camshaft”.

3. F–Head: Intake valves located in 

[image: image9.png]VALVE
KEEPERS

VALVE
RETAINER

VALVE
SPRING

VALVE
SEAL

Figure 3-50. Valve Springs, Retainers,
and Seals.



cylinder head. Exhaust valves located 

in cylinder block. “Requires only one 

camshaft”.
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4. I–Head: Intake & Exhaust valves are
     located in the cylinder head. Camshaft 

     is located in the cylinder block.   
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5. Single Over-head Cam: Intake & Exhaust

valves and one camshaft are located in 

cylinder head. “There on need for lifters, 

push rods, and rocker arms.
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6. Double Over-head Cam: Same as the single 

Over-head Cam except it has two camshafts 

Instead of one.

E. Cylinder Arrangements:
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The arrangement of the cylinders is

another way to classify engines.


1. In-line: The in-line cylinder

arrangement is where one bank of cylinders

are arranged in a straight line. This

type is on the CAT engines we will be

working on.
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2. V-Type: The V-Type has two banks 

of cylinders arranged in a "V" configuration

from 45o to 90o from each other. The most

common types are the V-6 and V-8.
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3. Horizontally Opposed: This type

has two banks of cylinders arranged 180o
from each other. Volkswagen, Porsche, and

small aircraft use this type.
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4. Radial: The radial type is where

cylinders are arranged in a circle around

the crankshaft. The most common are used 

in old aircraft.

_______________________________________

F. Conventional Engine Construction
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1. Cylinder Block: Considered to be 

the foundation for the engine. It serves

as the mounting point for all engine

subassemblies. One piece casting reinforced with

with heavy wedding. Made of cast iron.

Occasionally made from aluminum. 

Coolant/Oil passages are cast at the same 

time of manufacture and cast throughout

the block. Holes are bored in the block to

hold the combustion chamber. On a two-

stroke engine, an air box is cast around 

cylinders.


2. Cylinder Sleeves (Liners):

Provide a replaceable wear surface for the

the pistons and piston rings. The cylinder

sleeves are generally press fitted into

the cylinder bores. They are needed because
the pistons and the piston rings can cause

damage to the liners.


Two types are:

[image: image18.png](D} RADIAL





a. ____________: Coolant comes in direct contact with the cylinder sleeve



b. ____________: No coolant comes in 

direct contact with the cylinder sleeve.

Two configurations are:



a. Ported: Used on ______________
engines. Provides air through holes 

positioned around the middle of the cylinder

sleeve. A row of inlet ports are machined 

at an angle 



b. Non-ported: Used on _____________

engines. No holes are in the cylinder 

sleeves.
3. Crankcase: Lower part of 
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the cylinder block which supports 

and encloses the crankshaft. 

Generally the bottom of the crankcase

is enclosed by an oil pan and is the 

sump for the lubricating oil.

4. Cylinder Head:



a. Located at the top of 

the engine or cylinder block and is

a separate one piece casting of 

either cast-iron or aluminum that 

bolts to the cylinder block. It 

seals the end of the cylinder bore 

and provides a combustion chamber 

for ignition. The open combustion 

chamber is the most common for a 

diesel engine.
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b. Within the cylinder head

are valves and ports. They are

passages that allow the air or

air/fuel mixture to flow into the

cylinder and to allow exhaust gases

to flow out. This flow is controlled 

by the opening and closing of the 

valves.

         c. Head gasket: The cylinder

head is also sealed to the cylinder 

block by the use of a combination of 

thin metal with softer material 

sandwiched in between.

G. Rotating and Reciprocating Parts of the Engine:


1. Pistons: Located within the cylinder, it receives the energy from the combustion process and transfers that energy to the crankshaft through a reciprocating motion.

          a. _______________- Thickest part; absorbs compression & combustion in cylinder.

          b. _______________- Hold/guide compression & oil rings; Diverse in shape/spacing to prevent carbon build-up.

          c. _______________- Surface between the ring grooves.

          d. _______________- Support the piston pin; Reinforces

and allows for lubrication of the piston pin.

          e. _______________- Located above or below the piston pin boss; Drilled through the piston to allow oil to escape after it is wiped off by the oil control rings. 
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a. Cam ground: A term used to identify a piston that is slightly oval or egg-shaped to properly fit the cylinder. This allows for better expansion at high temperatures so it will not seize in the cylinder.
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b. Two types of pistons:
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1. Full skirted: Prevents excess 

Rocking in the cylinder. Used in diesel engine
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2. Partial skirted: Saves weight 

and reduces friction. Used in high RPM engines. 

2. Two types of piston rings:



a. Compression rings: Seals the

combustion chamber. Piston rings must be

staggered to prevent blow-by and loss of

[image: image25.png]PARTIAL-SKIRTED PISTON



compression. Seals the space between the piston

and the cylinder so the force of combustion 

will push the piston down. Additional rings 

hold back blow-by (gases that get past the 

first ring.



b. Oil control rings: Keep the

engines lubricating oil from entering the

combustion chamber. Scrapes excess engine 

oil off the cylinder wall. This oil is 

returned to the crankcase through holes 

drilled in the piston.

· Some rings have expanders in the grooves behind the ring They push out the ring helping it to seal better to the cylinder wall.

· Piston rings are fitted onto the piston. They have a split design (there is cut in the ring which allows for expansion
and easy installation). 

· The rings are allowed to float freely in the grooves.

· Rings also assist in the transferring of about 33% of the heat in the cylinder walls. 
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3. Piston pins: Connects the

piston to the connecting rod.

Constructed of case hardened steel.

They are also hollow to reduce weight.
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There are three types of piston pins:

a. Fixed: Am fixed piston pin 

has a set screw that locks the piston 

pin to the piston boss. The connecting 

rod pivots freely on the piston boss.
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Semi-floating: A semi-floating

piston pin uses a bolt and clamp. The 

piston pin pivots freely in the piston 

boss.
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c. Full-floating: A full floating 

piston pin uses snap rings to hold the pin 

in the piston pin bosses. The connecting rod 

pivots freely on the piston pin.

4. Connecting rods: Attached to the piston, which is connected to and transmits thrust to the crankshaft. Generally made of forged steel in an "I" beam type construction for high strength and low weight. It is occasionally made of aluminum or other exotic metals for special applications.

It is bored at both ends The upper bore holds the piston pin.

The lower bore is split in half and holds the crankshaft.


5. Crankshaft: Transforms reciprocating motion (up & down motion) of the pistons to rotating motion (round & round). It is made of forged or cast steel. It also has machined wear surfaces for the bearings and drilled oil passages for lubrication of the bearings.
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6. Throw arrangement: The throw arrangement of the crankshaft determines the firing order of the engine. The position of the throws for each cylinder arrangement is paramount to the overall smoothness of operation. For various engine configurations, typical throws are arranged as follows:
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a. In-line four cylinder

engines have throws 1 & 4 offset

180 degrees from throws 2 & 3.
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b. V-Type engines have 

two cylinders operating off of each

throw.
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c. In-line six cylinder

engines have their throws arranged

on three planes. 

 
7. Three types of vibration concerning the crankshaft:
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a. Imbalance: Caused when the

offset throws tend to make the crankshaft

off balance. Counterweights are placed

180 degrees from the throw to offset this

imbalance.



b. Deflection: Caused by the tremendous force from the pistons. To offset this, the crankshaft is constructed of heavy materials and is supported along its length by the main bearings.
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    c. Torsional vibration:

Caused by the tendency of the 

crankshaft to twist as the power 

strokes are applied. A vibration 

damper is mounted to the front of 

the crankshaft to absorb this 

torsional vibration.


8. Bearings, bushings, and journals: Bearings and bushings are used to support rotating shafts and other moving parts. They are also used to transmit loads from one engine part to another. Bearings must be able to reduce friction by holding lubricant and to carry away heat. They must have enough fatigue strength to withstand loads without flaking away. The crankshaft is supported by the "main bearings". These bearings are made as a two-piece insert consisting of a steel backing with an alloy of copper, [image: image36.png]ONE OF FOUR RUBBER PLUGS.
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tin, or aluminum on the surface. These bearings must be resistant to corrosion, scuffing, and excessive heat. Lubrication is fed through the crankshaft to the connecting rod bearings. Oil then travels through a hole in the connecting rod to lubricate the piston pin.

There are two types of journals on a crankshaft:



a. ___________________________Supports the crankshaft in the engine.



b. ___________________________Where the connecting rod connects to the crankshaft.
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The journal is the highly polished, machined area located on the crankshaft that the bearings are attached to. The bearings for the journals are seated with lock tabs.
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9. Flywheel and starter ring gear: The flywheel stores energy from the power stroke and delivers that energy smoothly to the power train. 


There are two types of flywheels:



a. _____________: The flywheels used with manual transmissions are constructed of cast iron, are very heavy, absorb energy, and smooth out the power pulses.

The face of the flywheel is machined to provide a smooth surface for the clutch to contact.



b. _____________: The flywheels used with automatic transmissions are constructed of a thinner stamped steel plate, sometimes called a flex plate. The torque converter bolts onto the flywheel and helps to absorb the energy from the power pulses. 
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The starter ring gear is generally a separate ring gear and is press fitted or welded to the outer edge of the flywheel. This gear is engaged by the starter drive gear to turn the engine for starting. 
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10. Intake and exhaust valves:
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The intake valves allow the air/air-

fuel mixture to enter the combustion

chamber. The exhaust valves allow the

burnt gases to leave the combustion

chamber after combustion. The intake

valves are generally made from nickel

chromium. The exhaust valves are

generally made from silichrome alloy

to help dissipate heat.



a. Valve components:




1. The valve face is
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usually ground to about 45 degrees

depending on the engine. 



2. The valve seat within

the cylinder head is ground to match

the valve face to provide a seal when

the valve is closed. 




3. The valve springs are

compressed as the valves are opened. 

The force of the spring closes the 

valve after the camshaft releases the

force. 



4. The valve guide 

supports the valve in the cylinder

head and keeps it centered. They are

generally drilled or are replaceable

inserts. 




5. The valve seal acts
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like an umbrella to prevent the oil 

on the valve operating mechanism from

entering the combustion chamber.




6. The valve keeper or
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retainer is held in place in the groove

of the valve by the valve spring. The

retainer holds and positions the valve

in place and also prevents the valve

from falling into the combustion chamber.

It is a two piece wedge shaped part.




7. The valve groove allows

the valve keeper or retainer to lock in

place with the expansion of the valve 

spring.



b. Valve rotation: Valve rotators are used to keep carbon from building up between the valve face and valve seats. Carbon buildup could hold the valve partially open, causing it to burn. There are two types of valve rotators in use:




1. _________________________Releases the spring tension from the valve while it is open.  The valve rotates due to engine vibration.




2. _________________________Is a two-piece retainer with a flexible washer between the two pieces.  A series of balls between the retainer pieces roll on machines ramps as pressure is applied and released from the opening and closing of the valve.  The movement of the balls up and down the ramps causes the valve to rotate.
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11. Camshaft, purpose and operation: The camshaft controls the opening and closing of the engine valves through the rotation of the lobes on the camshaft. The camshaft is made of a special high tensile cast iron alloy. The bearing journals and cam lobes are heat treated and precision ground. The camshaft can be operated by gears, belts, or chains. Lifters, unit fuel injectors, distributors, fuel pumps, blowers (by the camshaft gear, and the oil pump can all be operated by the camshaft.
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a. Static timing: The camshaft has to be timed to the crankshaft prior to installation. This is called "static timing". Timing marks are located on the camshaft, crankshaft, and any component gears that engage them. The timing marks are precise and must be lined up exactly.
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b. Static timing definitions:




1. Stroke:   The distance that the piston travels           

                            from top dead center (TDC) to bottom    

                            dead center (BDC).

2. Cycle:    A repeated sequence of events with a                    

             start and finish.




3. T.D.C.:   Top dead center. 




4. B.D.C.:   Bottom dead center. 




5. B.B.D.C.: Before bottom dead center. 




6. A.T.D.C.: After top dead center. 




7. B.T.D.C.: Before top dead center. 




8. Overlap:  (4-stroke engine):




a. Overlap occurs just after top dead center of the piston stroke. 





b. Allows for complete removal of burnt gases from the cylinder. 





c. It is that portion of the piston travel where the change of piston direction takes place. The piston ends its upward travel and begins to travel downward.


12. Valve train mechanism:
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Consists of all parts between the 

camshaft and the valves. These

parts allow the camshaft lobes to 

control the movement through a 

direct link to the valves. These 

parts consist of the lifters, push

rods, and rocker arm assemblies.



a. Lifters, tappets, or
cam rollers:  Lifters, sometimes 

called tappets or rollers, can be 

either solid or hydraulic actuated.

They are the connecting link between

the camshaft and the push rod.

Hydraulic lifters are self-adjusting.

(there is no need for valve adjustment).



b. Push Rods:  Transmits

force from the lifter to the rocker

arm. There are two types of push

rods: solid and hydraulic (hollow).

Solid push rod-solid lifter
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Hydraulic (hollow) push rod-hydraulic 

Lifter.



c. Rocker Arm assembly:  

Provides a pivot point that allows 

the upward motion from the camshaft

to be turned to downward motion to 

open the valves or control the 

injectors. 

H. Engine Accessory Systems Overview:


1. Air Induction System: Supplies the engine with a clean supply of air to assist in the combustion process.

     2. Cooling System: Removes excess heat and maintains engine operating temperature.


3. Lubrication System: Supplies a constant flow of lubricating oil to all moving parts of the engine.


4. Fuel System: Supplies the engine with a properly proportioned air/fuel mixture.
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