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Course Description

e

This basic course s designed to acquaint the student with the operating cycies and Systems that make up a diesei engme it prov.des the theory which
might be usefut in a taboratory or on-the-job learning situation,

This courss is divided into two lessons covering five chapters from the text. |

Diesat Engine Construction, Princ.ples and Structural Parts discusses the construction of the diesel engine, principles of
four-stroke and two-stroke cycles, combustion, main stationary parts, and main moving parts.

’ z
‘

Valve Gear, Fuei Injection, and Governors discusses cams, camshaft, csm followars, rocker arms and push rods. valves,
vaive spnngs, and vaive lash 3nd adjustment, the requirements of fuel injection systems. common rail and individual-
pump ihjector systems, fuel nozzies and unit injectors, the distnbutor systems, and the types and operating principles

.

of governors.

This course 18 cesigned for student seif-study. The student workbook provides iesson objectives! reading assignments from the text and review
sxercises. The text:s coded and the answers to the review exercise are keyed to the text for student self-evaiuation. A coursa examination is

provided, but no answers are available.
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INTRODUCTION

&

The first diesel efgine was built in Germany in 1897. Spark-
ignition engines had been built commercially for 37 years., The pos-
sibility of compression ignition appears to have been first mentioned
by the French scientist N. L. S. Carnot, who in 1824 publishéd his

¥ ' Reflections on the Motive Power of Heat, in which he discussed the
possibility of igniting fuel by compressing air to one-fourteenth of
its original volume. ’ |

Nikolaus Otto built the first engine in which the charge was -com-
pressed in the cylinder before burning. This was the engine that
Rudolf Diesel undertook to improve when he started experiments that
led to the diesel engine.

After several years of studying the problems involved, Diesel
applied for and was granted a pate.nt in February 1892 under the'title
"Working Processes for Internal-Combustion Engines, " and @ second
paternt, granted a year later, that modified the cycle-described.

These patents were not for engine designs, but merely for the thermo-
dynamic cycle to be followed by the)gases/ in the engine cylinder.
+ <

Diesel's first engine. was to run on pulverized coal, but this
project was dropped for an’oil-burning engine; after several failures,
the engine ran in 1897, / :

The fuel economy of Diesel’s engine proved to be better than that
of any other existing power plant. His engine attracted considerable
interest at an industrial exposition in ‘Munich the following year,
where.Adolphus Busch, a U, S. brewer, saw it., Realizing its possi-
bilities, he purchased a license from Diesel for manufacture and sale
in the United States and Canada. A diesel engine built for his com=- -
pany in 1898 was the first to be placed in regular industrial service.

The first marine installation of a diesel engine was made in 1910,
very successfully, and the diesel engine became the predominant
<% power plant for submarines during World War I
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This text, divided into five chapters, describes the fundamentals
of marine diesel engines, The first chapter discusses diesel engine
construction and principles, Structural engine parts are explained
in chapter 2, The remaining three chapters cover valve gear, fuel
injection, and governors respectively.,

ERIC
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Chapter 1 -

DIESEL ENGINE CONSTRUCTION/AND
PRINCIPLES

1.1, INTRODUCTION

Diesel engines are found in many different designs depending
upon the type of vessel and its intended use. Although the outside of
. engines look different, the internal structure is basically the same.

The first section of this chapter briefly explains the parts of 2 diesel
engine and the various types and designs of diesel engines. The
*  second section explains how and why diesel engines operate.

i

e Section I. Construction

*

1.2, GENERAL

Diesel engines vary greatly in outside appearance, size,
number of cylinders, cylinder arrangement, and details of construc-
tion. However, they all have the.same main basic parts which may
" look different but perform the same functions. A diesel engine has
very few basic main working parts; the rest of the engine is com- .
posed of auxiliary parts which assist the main working parts in their
performance, and-of connecting parts necessary to hold the working
parts together. The main working parts are the cylinder, .piston,
connecting rod, crankshaft, bearings, and fuel pump and nozzle. /‘t

P2d «
e .,

Naturally, an engine has'a number of o‘xer éarts'wisho,’ﬁt
which it could not operate, but their functions are more\or!ﬁé’é’s sub-" )

ordinate and they are discussed later. - !

B
- A

Figure 1.1 1is a schematic drawing of a typical diesel enging.
_It shows the main working parts-and their relation td other parts. )

1,3, CYLINDER

THe heart of the engine is the cylinder where the fuel is
burned and the power devéloped. The inside of the cylinder is .
‘formed by the cylinder liner or sleeve, and the cylinder head which’
seals one -end of the cylinder and often, althoygh not always, .contains

3
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the valves to admit fuel and air 3nd
to eliminate the used gases. The'
interior diameter of the liner is know
known as the bore,

1.4, PISTON

The piston seals the other
end of the working space of the
cylinder and transmits, to the out-
side, the power developed inside
the cylinder by the burning of the
fuel. A gas tight seal between the
piston and the cylinder liner is
produced by piston rings lubricated
with engine oil. The distance that
the piston travels from one efd of

1. Cylinder 4. Ciankshaft, the cylinder to the .other is known
2. Cylinder hiner. 15. Engine framé. th troke.’
3 Cyhlinder head. " 16. Crankcase as €es roxe.. .
4. Intake valve. 17. Timing chain ) / .
5. Exhaust valve. spmckct.. 1.5, 'CONNECTING ROD
6. Fuel injector. » 18, Timwg chaia. , )
19. Camshaft. .
; g::::: cings. 20. Cams y The connecting rod trans-
' . Wristor piston pin. 21 Camtollower, ~ mits the reciprocating motion of
' 10 Connecting rod. 2. Pushrod ° the piston to the continuously rotat-
. 11 |, Crankpin bearing. 23. Rocker arm. ing crankshaft during the power
12 Crankpin 24. Valve spring.
13. Crank cheek or crank stroke. One end, the small end of
web. the connecting rod or conrod eye,

is attached to the wrist pin or pis-
Figure 1,1, Schematic Drawing ton pin located in the piston; the
of a Diesel Engine. other, or big end, has a bearing
© o , which encloses the crankpin,

%

1.,6. CRANKSHAFT

The crankshaft obtains its rotary motion from the piston
through the connecting rod and crankpin located between the crank
webs or crank cheeks. The work of the piston is transmitted to the
flywheel to reduce speed fluctuations by storing kinetic energy during
the pefTods when power is developed and giving it back during the
other periods, :

1.7, CAMSHAFT .

A camshaft is driven from the crankshaft by a chain drive or
timing gears. Through cam followers, push rods, and rocker arms,

ERIC - Tolb
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the intake and ex_haust valves are operated by cams on the camshaft.

. Valve springs close the valves,
-

1.8. ., CRANKCASE

A crankcase is constructed to protect the crankshalft, bear-
ings, connecting rods, and related pai-ts; to catch oil escaping from - ‘
the bearings of the moving parts; and to provide a reservoir for |
lubricating oil. If the crankcase is constructed to support the whole
engine, it is called a bed plate. ' . C

’
14

1.9, FUEL INJECTION . -

Fuel for diesel engines is delivered into the combustion space
of the cylinder.\by an injection system consisting of a pump, fuel line,
and injector, also called injection or spray nozzle.

4

-

1,10, ENGINE TYPES

Diesel engines may be divided intd several classes using dif-
ferent bases for the division: operating cycle, cylinder arrangement,
piston action, method of fuel injection, and speedf‘zsfaiscribed in
subparagraphs a through e,

a, Operating cycles, Diesel engines may be dividad into N
two groups based on the number of piston strokes per cycle, in (1)
four-stroke-cycle; or for short, four-stroke er}gine, and (2) two-
stroke-cycle, or two-stroke engine. Section'Il explains the meaning
of these terms and the difference between these two enguire types, ,

b, Cylinder arrangement., One of the most common ways to
- classify a diesel engine is by its cylinder arrangement. These types
are the in-line, V-arrangement, flat, multiple-engine units, and .
rtical-shaft, as described in subparagraphs (1) through (5).

”’ve

(1) In-line, The | o e 3 s
simplest arrangement of cyl- ' i el i
inders is the in-line arrange- i ' _
ment, as shown in figure 1.2, l l ; ;
This construction may be used : .
for engines having up to eight I ) I : | “-

Wy . L ]

(2) V-arrange- \‘./ f M -

ment, %If an engine has more '

than eight cylinders, it Figure 1.2, In-Line Arrangement.

v,

cylinders.

5




becomes difficult to make a sufficiently rigid frame and crankshaft
with an in-line arrangement., The V-arrangement, as illustrated in
figure 1.3(a), with two connecting rods attached to each crankpin,
permits reducing the engine
length by one-half, thus mak-
ing it much more rigid, with

a stiff crankshaft. This is a
common arrangement for en-
gines with eight to 16 cylinders.

T a1 Cylinders lying in one plane

L1 =0 are called a:bank. In figure

| S B 1.3(a),; the angle "a'' between

® the banks may vary from 30°

' : to 120°, the most common an-

Figure 1,3, V-Type Engines. gle being between 40° and 75°.

(3) Flat engine, As illustrated in figure 1.3(b), V-type

engines having 180° between the banks are called flat engines, This

- p arrangement is used mostly for trucks and buses. | .

Yy

(4) Multiple-engine units, . To increase the engine power
~ without increasing its bore and stroke, two and four complete ‘eri- ’
gines, having six or eight cylinders each, are combined in one unit
by connecting each engine to the.main drive shaft ''5, " as shown in
figure 1,4(a) and (b), by * \ ‘

means of clutches and gears v
or clutches and roller chains., = +— —— — 3 ] +— —
Figure 1.4(a) shows a twin- 5 J& —
. engine; figure 1,4(b), a~ ﬁ:
quadruple-engine or quad. . T 7 e
i to) T (b

Figure 1?4, Multiple-Unit Engines,

(5) Vertical-shaft engine, A
recent development is an engine with
four cannecting rods attached to dne
crankpin, as shown in figure 1.5, The
four cylinders are all in the same plane,
the crankshaft thus being vertical. Four
banks, located one on top of the other and
using one crankshaft with four cranks,
form a compact 16-cylin&er engine used
Figure 1.5, Top View of in the Navy under the name of the Pan-

a Pancake cake engine.
. Engine. .
Q 1
. : g
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c. Piston action, Diesel engines can also be classified by . ‘
their piston action as explained in subparagraphs (1) through (3).

(1) Single-acting engines use only one end of the cyl-
inder and one face of the piston to develop power. The engines in
figures 1,1 through 1.5 are all single-acting.

(2) Double-acting engines use both ends of the cylinder'
and both faces of the piston to develop power., Double-acting engines
are built only in large and comparatively low-speed units.

N

(3) Opposed-piston engines have two p1stons per cylin-
der, driving two crankshafts. The design presents many advantages
from the viewpoint of combustion of the fuel, engine maintenance,
and accessibility of all parts, except the lower crankshaft. i

d. Fuel injection. Diesel engines are divided into air injec-
tion and soiid_ or mechanical-injection engines. Chapter 4 discusses
the meaning of these terms and the differences between the two types.

e, Speed. All diesel engines can be divided into three
: classes: low-speed, medium-speed, -and h1gh-speed engmes. The
present trend is away from low- and even medium-speed engines to-
ward increasingly higher-speed engines.

k3

1.11, SUMMARY

The marine diesel engine, regardless of its outward con-
figiration, has only a few main basic internal parts. They are the
cylinder, piston, connecting rod, cra.nksha.ft camshaft, crankcase,
and fuel injection system. Although various auxiliary parts are
needed, the few basic parts remain the same from engine to engine.

'Since diesel engines come in many different types, there is .
_a need for a classification system, This is accomplished by five
categories: operating cycle, cylinder arrangement, piston action,

method of fuel injection, and.speed.

Section 1I. Principles

1,12, GENERAL

-~

' As section I explains, a diesel engine operates on'one of two
cycles, either the four-stroke-cycle or the two-stroke-cycle. The .
stepg in the four-stroke-~-cycle are intake, compressmn, 1gn1t1on, )
and exhaust. The steps in the two-stroke cycle are exhaust and

7
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inéake, and compreesion and ignition. This gection ¢overs functmns
which supplement the steps of the four-stroke and two-stroke engine.
They are scavengmg, turbulence, supercharging, and timing.

1,13, FQUR-STROKE-CYCLE EVENTS

A round of events recurrmg regularly and in the same

. sequence is known as a cycle. The cyclic.events in a four-stroke
diesel engine are, in sequence, (1) filling of the engine cylinder with !
‘fresh air; (2) compression of the air charge to raise its pressure
and temperature to that necessary to ignite and burn the fuel effi-
ciently; (3) combustion of the fuel and expansion of the hot gases;
and (4) emptying the cylinder of the burned gases by exhausting them.
When these four events are completed, the cycle is repeated, When
each of these events takes place, roughly speaking, during one stroke
of the piston, the cycle is called a four-stroke cycle.

‘ ' The p031t10ns of the piston when it is nearest to the cylinder
head and farthest away from it are called top and bottom dead cen-
ter, or for short, top and bottom center, indicated by "t.c.'' and

% '""b,c." The reason for this designation is that at thése positions the
connecting-rod centerline coincides with the crapkthrow centerline
and the piston cannot be moved by gas pressure acting upon its sur-
face. The motive force must come from the rotating crank actmg
through the connecting rod.

The four main events are shown diagrammatically in figure
1, 6. Durmg the first or suction stroke, figure 1.6(a), the piston (P)
moves downward, pulled by the connecting rod (r), the lower end of
which i 13 moved by the crank (C) The piston motion creates a
vacuum in the cylinder, and outside air is drawn or sucked into the
cylinder through the intake.valve (i) which opens at about the begin=-
ning of the suction stroke and stays open until the piston reaches the
lower or bottom center (b. c.).

When the piston has paéise;b.c.', the second or compression
stroke begins, figure-l,6(b); the intake valve is closed and the up-
ward motion of the piston pushed by the crank and the connecting rod
begins to compress the air charge in the cylinder.

Shortly before the piston reaches top center (t.c.), liquid
fuel in a finely atomized spray is admitted into the cylinder contain-
ing hot compressed air, The fuel is ignited by the heat of the air
compressed in the cylinder and burns during the first part of the _
downward piston stroke. During this downward or third stroke,
called working or power stroke, figure l,6c, the Hot gases, whose
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Figure 1.6, Four-Stroke-Cycle Events.

pressure was considerably increased b}‘r the combustion of the fuel
charge, force the piston downward and expand because of the increas-
ing cylinder yvolume,

Shortly before the piston reaches the bottom' center, the ex-
haust valve (e) opens, figure 1, 6d, and the hot products of the combus-
tion, having a relatively high pressure in spite of the previous ex-
pansion, begin to rush out through the exhaust ports into the outside .,
atmosphere., During the following fourth or exhaust stroke, the pis-
ton moves upward, pushed by the crank and connecting rod, expelling
the remaining products of combustidn, until near top center the ex-
haust valve is closed, the intake valve is opened, and the whole cycle
starts again. As can be seen, the four strokes require two engine
revolutions. Thus in a four-stroke-cycle engine, one power stroke
is obtained for every two engine revolutibns, or the number of power "
impulses per minute are equal to one-half of the rpm of the engine.

" Actually,  the dividing points bBetween the four main events do
not come at the very beginning and end of the corresponding strokes,
The differences are smaller in low-speed engines and increase as
the engine speed increases. The intake valve is opened before top

center, 10 to-25-crank-angle -degrees;-it-is clos ed from 25 t0:45 e

crank-angle degrees after bottom center. The fuel injection starts
L_ ™ ~ hd
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, some 7° to 26° before t.c. To release the exhaust gases in proper
% time, the exhaust valve begins to open 30° to 60° before b.c. and ' \
close 10° to 20° after t.c. '
¢ "
1,14, COMPRESSION ' .
The air charge is compressed during the second or compres-
sion stroke for two reasons. The first is to increase the thermal or
overall efficiency of the engine by increasing the final temperature .
of combustion; this applies to all internal combustion engines, both
of the spark-ignition as well as the so-called diese] type. The
second reason is to raise the temperature of the air charge so much
that, when the finely atomized fuel is injected into the hot air, the 1
fuel will ignite and begin to burn without any outside source of igni-
tion such as the spark plug used in automobile engines. N
Compression ratio of an internal combustion ‘engine is .the
ratio of the volume V;, cu. in,, Ag! the gases in the cylinder with the
piston at bottom center to the volume V5 of the same gases with the
piston at top center. Compression ratio is designated by r. Com-
pression ratio equals volume at bottom center divided by volume at

top center or:

- .V/
‘ r=V; + VZ:
" The volume V5 is called the compression or combustion ‘e
< space. The volume V] is equal to the sum of the piston displacement
3 of one cylinder'plus the combustion space.

Diesel engines use compression ratios of 12:1 to 19:1. The-
oretically, an increase of the compression ratio raises the thermal
efficiency of the engine and lowers its fuel consumption, Hawever,
an increase of the compression ratio is accompanied by higher gas
pressures and combustion temperatures. This causes increased
stresses and pressures in various engine parts, and to counteract
these ill effects requires stronger, heavier parts and increases
unduly the weight of an engme. Higher temperatures and pressuz‘es

re11ab111ty

1.15. COMBUSTION

Two distinctly different methods of burning the fuel'in an
engine cylinder exist: at a constant volume 2 d at a constant pres- e

sure. Combustidn at constant volume means/that during combustion
the volume does not change and that all the heat energy developed by .

Uﬁ ‘ ‘ . 10 22
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the fuel goes into an increase of the gas temperature and pressure.
Combustion at constant volume also rneans that combustion proceeds
at such a high rate that the piston has practically no time to move
during combustion. Such a combustion is obtained when the piston

. is passing top center. The advantage of this method of fuel combus-
tion is a high thermal efficiency. Its.disadvantage is a very sudden
pressure increase and resulting noisiness of the engine. Such com-
bustion is somewhat approached by spark-ignited gasoline engines.

T Combustion at constant pressure ‘means that during combus-
tion the temperature increases at such a rate that the resulting in-
crease of pressure is just enough to counteract the influence of the
increasing "volume and the pressure does not change. The heat
energy developed by the fuel goes partly into an increase of the gas
temperature and partly into performing outside work. In the case of
an engine with constadt-pressure combustion, the fuel is burned
gradually so that the pressure attaifled at the end of the compression
stroke is maintained during the greater part of the combustion event,
Such a combustion was used in the original low-speed, air-injection

‘, diesel engine. Its advantage is 2 smoothly running engine producing
a, more even torque because of the extended combustion pressure.
However, it is not suitable for high-speed oil engines.

High-speed diesel engines of the present operate on a cycle
_which is approximately a combination of the above two methods; part -
of the fuel is burned rapidly, almost at a constant volume near the
top dead center, and the rest is burned while the piston begins to
move away from top center. However, the pressure does not remain
“  constant, but usually increases and then decreases. In general this
cycle resembles more the constant-volume combustion cycle than

“ the cycle of tie original diesel engines. Its advantage is high effi-
ciency, with low fuel consumption. Its drawback is in the difficulty
' of preventing rough and noisy operation of the engine.

1.16. TWO-STROKE-CYCLE EVENTS

’ A two-stroke cycle is completed in two strokes, or one revo-
lution of the crankshaft, whereas a fqur-stroke cycle requires two
revolutions. The difference between the two-stroke and four-stroke
engine is in the method of removing the burned gases and filling the
cylinder with'a fresh charge of air. In a four-stroke engine, these

. operations are performed by the engine piston during the exhaust and
intake strokes. In a two-stroke engine, they are performed near the

e “bottom dead center by means of a separate air pump or blower. e ]
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The compression, combustion, and expansion events do not

. differ from those of a four-stroke engine, The filling of the cylin< ,
der, called scavenging, with a fresh’ charge may be explained as fol-
lows: when the piston has traveled 80 to 85 percent of its expansion
stroke, exhaust valves e, e, as shown.in figure 1.7, are opened,
and the exhaust gases are.released and begin to escape from the
cylinder. The piston continues to.move toward the bottom center
and soon uncovers ports s, s, through which lightly compressed air
begins to enter the cylinder. The air, having'\a slightly higher pres-
sure than the hot gases in‘the cylinder, pumps out the hot gases
through valves e, e, figure 1. 7(b). This operation is called scaveng-
ing, The air admitted is called scavenge air; the air admittance
ports, scavenge ports, About the time when the piston, on its up-
ward stroke, closes ports s, s, the exhaust valves e, e, are also
 closed, figure 1,7(c), and the compression stroke begins,

.
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Figure 1,7, Siavengingmf & TWL-vSt—rokeEngine. - -

The advantage of the two-= troke ¢hgine is the .elimination of
one scavenging and one charging stroke required in a four-stroke-
cycle operation. Thus, the cylinder delivers one power stroke for
every revolution of the engine as.co pared with one power stroke ‘

- for every two revolutions in a four- troke-cycle engine, Theoret- . "
ically, if all other conditions such 75 bore, stroke, speed, and gas

i
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pressures are equal, a two-stroke-cycle engine should develop twice
the power of a four-stroke-cycle engine. This means also that a two-
stroke engine would weigh only one-half as much as a four-stroke
engine of the same power and should produce a more even torque.
Practical factors prevent the attainment of these ideal figures.

N R et e 8, - .:«M. - /
.

The advantages are important in ship installations, and,
therefore, two-stroke engines'are used in vessels much more than
four-stroke engines, particularly in larget power units, The disad-
vantage of the two-stroke operation is the higher working tempera-
ture of the piston and cylinder head because of combustion occurring
every revolution and resulting in distortion of these and related parts.

1.17. SCAVENGING METHODS

Figure 1,7 illustrates only one of several methods of cylinder
scavenging. In some engines the exhaust gases are let out through
ports, uncovered by the piston, the same as the scavenge ports (s, s)
in figure 1.7. Depending upon the location of the exhaust ports to
that of the scavenge ports, there exist two basically different methods
of scavenging: direct or cross-~flow scavenging and loop ar return-—
flow scavenging, as shown in figures 1,8 and 1,9.
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Figurel.8. Direct or )
Cross~ \
Flow Scav-
enging, Figurel.9. Return-
: Flow or
Loop
Scaveng-
ing. -
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In cross-flow scavenging, the piston uncovers first the ex-

haust ports (e, e) and releases the pressure; going down further, the
piston uncovers the scavenge port (b, b) and begins to admit slightly
compressed air whose stream is directed mainly upward, as indi-
cated by the arrows, and thus pushes out the exhaust gases through
port (e, e). Having passed.the dead center, the piston closes first
the scavenge ports and, soon afterward, the exhaust ports. The |
fact that the exhaust ports are closed after the scavenge ports permit
some of the air charge to escape from the cylinder. [This is a dis-
advantage of this scé’venge scheme. However, it has also the de-
cided advantage of, simplicity of construction and of maintenance be-~
cause of the absence of valves which must be kept tight.

Return-flow or looptscavenging is similar tocross-flow
scavenging in the sequence of the port opening. However, the direc-
tion of air flow is diffezferit, as indicated by the arrows. Its advan-
tage is that'the bulky scavenge-~-air and exhaust-gas ports are located
on one side of the cylinder, thus giving better accessibility. This
.scheme is particularly suitable for double-acting engines, since with
them the operation_of the exhaust valves for the lower combustion
space becomes complicated., When used for douBle-acting‘ engines,
the scheme is improved by the introduction of rotary exhaust valves.,
As can be seen in figure 1,10, during.the release of the exhaust
gases, valve (r) is open but it is being
closed when the piston on the return
stroke covers the scavenge ports.. By :
this arrangement, the escape of air [
charge is eliminated during the begin- f
fing of the compression stroke when the. :

I
i
f
i

o

, exhaust ports are not yet covered.
Some time after the exhaust ports are
covered by the piston, e rotary valve
is opened, getting it ready for the next
cycle. As can be seen from figure 1,10,
the length of the piston is exactly gqual
to the lengtl of the stroke to control the
exhaust and scavenge events alternately

" by the'upper and lower edges of the pis-
ton. ’

»

s
3

o, The oppdsted-piston scheme is
shown in figure 1l.11l. The lower piston
controls the exhaust ports; the upper
one, the scavenge ports. To obtain the
hecessary preliminary release of the

exhaust gases, or an uncovering of the

»
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Figure 1,11, Opposed-Piston Engine Operation,

exhaust ports ahead of the scavenge ports, the crank of the lower
crankshaft is advanced in respect to the crank of the upper crank-
shaft, or leads the upper crank by some 10° to 15°, In this way, the
exhaust ports are opened first, figure 1.11(a); when the pressure is
sufficiently lowered, the scavenge ports are uncovered, figure
1.11(b), and sc\:a’venging begins to take place. After the exhaust
ports are closed, additional admission of air takes place,- figure
1. 11(c), until the scavenge ports are algo covered and compression

~ of the air charge-takes place, figure 1,11(d). Slightly before the
pistons reach the point at which they are closest together, fuel is in=
jected, ignited, and burns while the expansion stroke starts, figure
1,11(e). The power delivered by the upper pistons to the upper
crankshaft is transmitted to the lower main crankshaft by an inter-
mediate vertical shaft and two pairs of bevel gears, The advantages ..
of this scheme are:

»




a. . Efficient scavenging of the cylinder and hence greater
power is developed,

b. Absence of valves and valve-operating gears.

c. Absence of cylinder heads which are complicated cast-
ings and a source of trouble in engine operation,

- d. Good accessibility for the inspection and repair of most
parts, except of the lower crankshaft.

¢

The two ‘scavenge schemes, shown in figures 1,7 and

1,11, are also classified as uniflow scavenging. In both cases the

exhaust gases and scavenging air are flowing in the same direction
with less chance for formation of turbulences which are unavoidable
with cross- and return-flow scavenging.

1.18, TURBULENCE

To obtain efficient, smokeless combustion, the fuel injected
into the cylinder must be broken up in very fine particles, be well
atomized, and the fuel particles must be distributed uniformly
through the whole combustion space, In air-injection engines, the
distribution of the fuel is accomplished through a thorough mixing of
the injection air, carrying the atomized fuel, with the air in the cyl-
inder. In mechanical- or solid-injection engines, distribution is
accomplished by using nozzle tips with several holes and by direct-
ing the fuel sprays so as to reach the desired portions of the combus-~
tion space or by using pintle-type nozzles with a cone-shaped spray.
In larger engines, better fuel distribution is obtained-by using two .
or more separate fuel nozzles, each having several holes or fan-

. . shaped sprays. However, distribution of the fuel by separate sprays

usually is not sufficiept. Distribution of the fuel in the air charge
is improved by st1rrn§g p the aiy in the combustion space and by :
creating air turbulences, and thus mixing air having too much fuel”
with air which does not have any fuel,

Whﬂe theoretically one pound of air is sufficient to burn com-
pletely 0, 065 pound of fuel oil, actually not all of the oxygen of the
air will be reached by the fuel particles, Hence, only a smaller
amount of fuel, on the average not over 0.052 or even 0. 043 pound,
can be burned efficiently with 1 pound of air in the combustion cham-
ber.




Turbulences in the air charge help to reduce the amount of
air not reached by the fuel particles, and thus increase the power
* output of the engine. '

Turbulences may be created by various means. including
sp?cial shapes of the piston crown or of the entire combustion cham-
ber. Figure l.12 shows examples of different turbulent heads. In
figure 1.12(a) turbulences are created by a restriction through
o which the air has to pass when the piston moves upward; the air -
velocity at the restriction is several times higher than before and
after it, and the change of velocity creates a turbulent flow into”
which the fuel is injected from the fuel nozzle. Figure 1.12(b} shows
a Ricardo-Comet head used in Waukesha diesel engines; here turbu-
lences are created not only by the festriction, but also by forcing the
air to travel on a circular path. Figure 1. 12(c) shows a turbulent
head used in Hercules diesel engines, which is similar to the Ricardo
head. However, it has an additional feature: when the piston ap-
proaches the dead center, it begins to cover partially the air passage
between the cylinder and the turbulence chamber. This increases
the air velocity in the passage, and thus makes more turbulent the
flow of air into which the fuel is injected from nozzle (f).
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Figure 1,12, Turbulent Heads.,

Turbulence in two-stroke engines is created by making the
scavenge-air ports tangential, as shown in figure 1.13. It is note-
worthy that a circular movement of the air created during scavenging
continues up to the time of fuel injection, in spite ©f the fact'that the
air has been displaced from one end of the cylinder to.the other.and. -

m——

3 d I T s e
compressed to.a small-ffaction of its original volume.

Another method of creating turbulence is used in the so-~called
Lanova energy cell, shown in figure 1.14. The fuel is injected from
the nozzle, ignites, and burns in the main combustion chamber, '
while the rest is injected in a more or less solid stream in the so-~
called energy cell or minor air cell. Here it is atomized or broken
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to burn t;he rest of the unburned fuel,
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SUPERCH.ARC:ING
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Figure 1,14,

Lanova Combustion

Chamber With En-
ergy Cell.

/
_Supercharging | has as its object an mcrease in the power

e T TV AR FRR S

which an engine " of given p1ston dlsplacement “and speed can develop,
Since in a diesel engine the power is developed by the burning of fuel,
an increase of power requires more fuel to be burned, and, there-
fore, more air must be availdble since each pound of fuel requires a

certain amount of air.

All conditions being the same, a given vol-

ume will hold a greater weight of any gas, including air, if the gas

pressure is increased,

Thus, supercharging means a higher pres-

“

sure of the air charge.in the cylinder at the beginning of the compres-

" sion stroke, -

¢

Té increase the air pressure in four-stroke engines, the air
charge is not sucked into'the cylinder, or, as-it is called, is not ad-
mitted by natural aspiration by the receding piston, but is pushed in

3u
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by a higher pressure created hy a separate air pump or blower The *
three types of blowers used are reciprocating piston pumps, similar

to an air compressor; rotating positive-displacement blowers, the
‘Root-blower type; and centrifugal high speed blowers, similar to
centrifugal pumps.

When a supercharger is applied to a four-stroke engine, the
main change required in the engine design is in timing of the intake
and exhaust valves. The intake-valve opening time is advanced and .
the exhaust-valve closing is retarded. The two valves are designed
to stay open simultaneously for about 80 to 160 degrees, the selec-
tion depending upon the normal engine speed. This simultaneous
opening is called overlapping. Tests have shown that an overlap of
40° to 50° incfeases the power output of an engine about 5 percent if
the supercharging is very small, sufficient only to eliminate the
#acuum in the cylinder during the intake stroke, and up to 8 percent
with a supercharger pressure of 12-inches mercury, as compared
with an overlap of 10° to Zbo_commonly used in unsupercharged en-
gines. The total power gain because of supercharging varies from
20 to 50 percent, depending upon the supercharging pressure.

It should be noted that simultaneously with an increase of the
mean effective pressure supercharging also increases the maximum
or firing pressures and the maximum temperatures. On the other >
hand, the fuel consumption per hp-hr usually decreases with super-
charging because of an increase of turbulence and hence better mix-
ing of the fuel with the air charge.

Two-stroke engines usually have a blower to obtain scavenge
air and their supercharging is obtained simply By increasing the
amournt and pressure of scavenge air. In addition, a slight change
of the exhaust and scavenge timing is made to retain more scavenge
air at the beginning of the compression stroke.

i

1.20., COMBUSTION AND IGNITION DELAY

.= t

Regardless of how finely atomized the fuel injected into the

‘5 combustion space of the cylinder filled with"eir is, it takes some ’
— = A —— — —time-béfore the relatively-cold—fuel spray bécomes-heated and- b S

vaporized so as to ignite and to continue burning. This time element
is rather small when expressed as a fraction of a second but quite
appreciable when expressed as the number of degrees which the

crank trayvels between the time when the fuel is introduced into the
cylinder and when the first particles of it are ignited. This time ele-
ment is called ignition delay or ignition lag and amounts to several
degrees of crank travel.

4

19




. After ignition has started, the fuel will continue to burn within
the engine cylinder. This combustion usually is accompanied by a
rather quick pressure rise. In the meantime, the pump continues to

K deliver fuel,- and during the third period of combustion, the fuel

burns more or less as it is introduced. However, since the supply

' of.oxygen in the air charge gradually is being used up by the combus-
tion, the fuel par'ticles introduced toward the end of the inje¢tion have
more difficulty meeting the necessary particles of oxygen. Compres -
sion is consequently retarded and when injection is terminated some
unburned fuel is still present in the cylinder and continues to burn,
The piston by this time has moved away from top dead center and its
speed increases; therefore, the pressure beg'u:xs' to fall in spite of
additional heat being developed by the rest of the fu€l.

The highest thermal efficiency.is obtained from the fuel which
burns at the highest compression ratio, at top center. In practice,

4 bu{'ning of the fuel must start before top dead center and be com-
pleted after top dead center. The shorter the period of combustion,
the higher the thermal efficiency, and the lower the fuel consurmption.
However, an excessively short burning period requires 2 fast pres-
sure rise and'pi-'oduces high maxifum pressures, The result'is un-
desirable because of the noise of engine operation and high pressures
and stresses in various engine parts. )

1,21, INJECTION TIMING

[

As paragraph 1.20 explains, therg is a certain lag between

the time that the fuel is injected into the cylinder and the time that v
it ignites and continues to burn, raising the cylinder pressure. This
time lag, called ignition delay, requires an advance of the fuel injec-
tion several crank-angle degrees before top dead center. In addition,

it should be noted that there exists another lag in the fuel injection.

~- == —. -~ =- The-beginning of thé-deliv.erx,sl:xo_lge_gf,thgMigje_gtig;n‘gurgp_is_fet‘tg B y', s

correspond to a certain position of the engine crankshaft. The injec-
tion timing is checked by slowly turning the engine over. The actual
admission of the fuel into the engine will start several crank-angle

" degrees later. The reason for this time lag is the mechanical flexi-
bility of the injection mechanism, taking up of clearances between
the various rollers, pins, levers, etc., and the compressibility of
the fuel oil, especially noticeable with a long fuel line. This lag is
called injection lag and amounts to several crank-angle degrees.

Both the ignition and injection lags depend upon 2 number of

 factors that may vary considerably from engine to engine. The fol-
lowing data obtained from actupl tests may serve as an illustration,
In an engine operating at 900 rpm, the injection was set to begin at

20 32

b




before top dead center, which gives an injection lag of 59; ignition
' started 8° before top dead center, which gives an ignition delay of 9°,
. or a total lag of 14° behind nominal fuel timing. On the other hand,
the pump delivery stroke was cut off 39 before top dead center, but
because of the expansion of the fuel compressed in the fuel line, the .
actual end of injection occurred slightly after top dead center. In '
other engines the lag may be greater or smaller.

} 22° before top dead center; actual injection started only about 17°
|
|

_ The only way to determine the correct fuel timing is by
operating the engine, changing the timing, and finding the timing’
with which the engine operates best; i.e., has the lowest fuel con-
sumption, carries the highest load without smoking, and runs the
smoothest. Such timing is worked out at the engine factory and is

given in the appropriate technical manual. on ~

1.22. VALVE TIMING

As paragraph 1,13 explains, the opening of both the exhaust .
and intake valves occurs before the corresponding dead center, and
their closing after it. The causes are partly in the mechanical lag
of action, because of clearances which must be taken up and the ¢
flexibility of the long push rods, rockers, etc., but chiefly in the
necessity of a gradual opening and closing of the valves. Thus, an
appreciable time element elapses between when the valve begins to
leave the seat and when it has sufficiently moved away from the seat
to allow exhaust gases to pass from the'cylinder; in the case of an
exhaust valve, and air into the cylinder, in the case of an intake
valve., The same holds true for the closing of the valves, ‘but in
reserve: several crank-angle degrees before a valve touches its
seat, the passage becomes so restricted that the flow of gases prac-
tically stops. The gradual opening and closing are necessary to )
overcome the forces of inertia of the parts of the valve actuating
mechanism without exerting undue pressure between the cams, cam
followers, and various pins and bearings during the opening of a
valve and the pounding of the valve against its seat when it.i3 being

closed.
“The best tining depends-upon-a -nurr}be:'r«of factors’suchas 7
valve lift, shape of the cam, speed of the engine, and restrictions
in the cylinder head passages. The prOperjtiming is found and set
when the engine is tested at the factory and is given in the manu-
facturer's instruction book, It should be checked and maintained by
the operator. Even a slight change of the clearance between the cam
and the cam followers, which can occur when a valve is ground or

when the valve actuating mechanism is disas sembled and put together
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without careful checking, will affect the timing. An increase of the
clearance will retard the opening of a valve and advance its closing;

a decrease of the clearance will cause the opposite to happen. An ex-
cessive decrease of the clearance may prevent the valve from seat-
ing properly and result in the related consequences, such as loss of
power and burning of the valve seat.

The same remarks apply to the timing of the exhaust valves
of two-stroke engines.

1.23., SUMMARY

The operation of a diesel involves the admission of fuel and
air into a combustion space and the compression-and ignition of the
charge. . The four-stroke enéine accomplishes this in four steps with
two revolutions of the crankshaft, The first step is the drawing of
air into the cylinder by the downward stroke of the piston. The
second step is the compression of the air charge on the piston's up-
ward stroke; ignitibn on the downward stroke completes the third- -~
step. The fourth step is the expelhng of exhaust on the piston's next
upward stroke, .

~

The two-stroke accQmplishes this in one crankshaft turn and
two steps. The first step begms with the cylinder at bottom center
where air is blown into the cylinder which expells fhe exhaust and
builds an air charge and the piston moves upward compressing the
charge. The second step begins at top center where the ignition ,
occurs forcing the piston back down for another cycle. -

These cycles are supplemented by such.operations as super-
charging, turbulence, valve,timing, igrition timing, and injection

" timing.

- fﬁgfcﬁérEM§mmc£;:i}'he effic‘:i'ené"’}“r”éf'a'."r‘x"e‘héine by forc-
ing more air into the cylinder t could be gained by natural aspi-
“ration, This is accomphshed by using one of the three types of |
blowers available, They are the reciprocating piston pump, rotating
positive~-displacement blower, and centrifugal high speed blower.

. To use this large air charge effectively it must be thoroughly mixed

with the fuel spray. This is done by creating a turbulence within the
cylinder. Turbulence may be created by various means; 1nc1udmg
special shapes of the piston crown or of the entire combustion cham-

ber.

Regardless of how finely atomized the fuel injected into the
combustion spdce of the cylinder filled with aix is, it takes some
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time before the relatively cold fuel spray becor?es heated and vapor-
ized so as to-ignite and to continue burning. This is called ignition
delay and amounts to several degrees of pfank travel. There is also
a lag in the injection of fuel into the cyfinder caused by mechanical
flexibility of the injection mechanism and compressibility of the fuel
in long fuel lines., This also amounts to several crank-angle degrees.
The opening of both the exhaust and intake valves occurs before the
corresponding dead center, and their closing after it. The causes
are partly in the mechanical lag of action because of clearances
which must be taken up and the flexibility of long push rods, rockers,
etc. , ‘but chiefly in the necessity of a gradual opening and closing of
the valves, ) ’ -
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Chapter 2« °

STRUCTURAL ENGINE PARTS

2,1, INTRODUCTION

The main parts of an engine, excluding accessories and sys-:
tems, may be divided into two principal groups, One group includes
those parts which, with respect to engine operation, do not involve~ |
motion; namely, the structural frame and its components and related ' |
parts. The other group includes those parts which involve motion. i
Section I includes such stationary parts as engine frame, crankcase,
cylinder, cylinder liner, cylinder head, and crankshaft bearings.
Section II covers the moving parts which are the crankshaft, piston,
piston rings, piston pins, piston rods, and cyor‘mecting rods.

Section I, Main- Stationary Parts

2.2, -GENERAL

The main purpose of the stationary parts of an engine is to
maintain the moving parts in their proper relative position so that
the gas pressure produced by combustion can fulfill its function,
which is pushing pistons and rotating the crankshaft, The prime re- .
quirements for the stationary parts of marine engines are ample -
strength, ‘low weight, minimum size, and simplicity of design,
Strength is necessary if the parts are to withstand the extreme
forces developed in an engine; space limitations a_lgéa;_;”g__s__bigﬁrp_wa‘._k’gw e e e
rpa}nlrgg_“m weight and size essential; while simplicity of design is ot
great importance when maintenance and overhaul are involved.

2.3, , ENGINE FRAME .

.

The frame conriects the top of the cylinder to the 'supports for
the crankshaft, In the earlier designs, at present used only in large,
low-speed engines, the frame consists of a separate cylinder block,
crankcase, and bed plate with an oil pan or sump, as illustrated in
figure 2. 1. The main bearings supporting the crankshaft were held
in the crankcase, while the pistons operated in the cylinder block
above it. The gas-pressure load was-taken up by tie bolts running

- - 24 3,5 ’




from top to bottom, Cylinder
block, crankcase, and bed.
plate were made of gray-iron
castings, ‘

Modern designs of
high-power output engines
have frames welded of steel
with plates located at places

- ~ where the loads occur, as
, shown in figure 2.2, The
customary arrangement com-
bines the cylinder block and
oil pan with the main bearing
_; supports, although a separate
~ crankcase section is some-
times used. Cylinder blocks
and crankcases of small high-
\{_-ep€éd engines are still made
of cast iron, . ',

The crankcase is often .

integral with the cylinder
block, In the models where

it is a separate section, it
generally consists of a plain
rectangular frame withcross-
ribbing to provide rigidity.
Occasionally, the main bear-
ings are held by a cross-
ribbing in the crankcase, but
more often they are hung from
the bottom of the cylinder
block, Some engines have ac-
cess doors or plates to permit
repair and/or observation of
the bearings.”

’

The cylinders were
separate units on some older
models, but in modern en-
gines they are secured within
the block which also contains
passages for cooling water,

. BED PLATE

CYLINDER———

CRANK CASE —

TIE BOLT

Engine Frame With

2.4, CYLINDERS - — — — — X

Figure 2, 2.

Tie Bolts.

Sectional Sketch of
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lubricating oil to the bearings, and intake air, Each cylinder is
secured in a separate compartment with cross-bracing between the ,

compartments.
Subpéragraphs a through ¢ describe the three types of cylin-
der liners in use. ’ § ‘ 'Mth )

a. Dry liners are simple sleeves with thin walfs ix‘ms"garted in .

the cylinders as part of the cylinder block, shown in figure 2.3. The
cooling water moves about: the

\\
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b

§\§\
//////\/ ¥

y

.

2,

LINER b

2

N %
AR

N

2

Y
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' _ Figure 2.3, Dry Liner.

is such as to take the full work-
ing pressure of the gases.
! { - . ¢ , ,

Py PRV |
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c. Water jacketed
liners have their awn cast-on ~
or permanently shrunk-on
jacket around the outside for
the circulating cooling water,
as shown in figure 2.5. The -
water is admitted into the bot-’
torm of the jacket and leaves
through the top, This type is
used mostly in two-stroke en-
gines where it is difficult to
obtain a water-tight seal
around the parts when using

outer cylinder and does not con-

tact the liner. The liner is in-
serted in the cylinder with a light
press fit, When worn or scored

it can easily be removed and re-
placed by a new liner. .

b, Wet liners are sleeves
whose outer surface comes into
direct contact with the cooling .
water, illustrated in figure 2.4.
The liners are normally sealed ’
against water leakage at the top
end by a gasket under the flange
or 2 machined fit, and by rubber
or neoprene rings around length-
wise. The thickness of the wall

SEALING GASKET %/zl
BL:Cl: Z\\%\§
NN
AN
13 é §
LINER 'w . p _
|
COOLING WATER % ]
PASSAGE % §
n
»
$ G %/\\§\§
EALING GASKETS AN -

Figure 2.4, Wet Liner®
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a wet liner, because of the ex- ] COOLING WATER
. OUTLET TO
pansion of the liner by heat H HEAD
during engine dpefations.
The cylinder liner COOLING WATER
must be made of material q .
which will enable the piston
and rings to move up and down N . : .
with the minimum friction, U UU ﬂ] [“ UU[}“‘ SCAYERGING
and will give the least wear to ' ) w—
both the liner and the piston ‘
- parts. Cast iron is the usual oLET  TATER R SeAVES
material, although steel
sleeves are sometimes used. ’
A recent development in the ,
manufacturing of cylinder ..
liners has been to coat the in- | B ’
side of the liner with a 0,003~ i . H
. to 0,006-inch layer of electro- ‘ . J
deposited porous chormium. z s
The chremium resists wear, Figure 2.5. Water-Jacketed
while the pores in the plating Liner. '

hold lubricating oil and main- ‘
tain a lubrication film necessary to reduce friction and scuffing.

The cylinder head seals the combustion chamber, Qél_‘ld in moest | =
engines, contains the valves and passages'for intake and extaust * s
gases, the fuel injection nozzlé, the air starting and relief valves,
and passages for the cooling wétqr from the cylinder jackef, as shown
in figure 2,5, Itis a casting_df alloy iTon, seldom of a"luminum. Be -
cause of the heat passing through it from the combustion chamber and
the exhaust pas séges, it has to be water-cooled. Sugh cooling pre-
vents excessive temperatures which might crack it and which would
interfere with the operation of thé fuel injection nozzle and 3ll'other A
valves. The larger-bore engi;nes have individual heads for each Gyl
inder, while'small-bore engines may have a single head covering 41l
cylinders, or pairs of cylinders. . ' " ;

-
1

“2.5. CRANKSHAFT BEARINGS AND CROSSHEAD GUIDE

;
[ 4 2
;

S R

Toe e e el RS- S
In older designs and in very large, low-speed diesel e‘ggii’fes, -
the main and crankpin bearings consist of heavy, cast-iron or cast-
steel boxes with a thick, up to 1/2-<inch, babbit lining. Babbit is a
soft alloy tin, copper, and antimony used to line bearing shells.
Each bearing must be hand-scraped to a running fit with its journal.

All modern diesel engines, regardless of size and speed, have

.
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precision bearings;.f They-are separate from the saddles and connect- .
ing rods. They consist of .elatively thin steel, bronze, or brass
shells, with a lining of bearing metal, which is generally 1/32-inch

or less in thickness. The bearing metal may be one of several types A
which prove satisfactory: lead-base babbit, copper-lead, and
cadmium silver. ’ .

Ouly double-acting diesel engines require 2 cross head ahd
crosshead guide; however, a few of the largest single-acting engines
also use them, The purpose of the crosshead guide is to take thj side
thrust coming from the angu- . ‘

KiEs2 2k 03 3]

larity of the connecting rod, CYLINDER d
¢ as illustrated in figure 2.6, -
which otherwise would be i~ PASTON
taken by the cylinder liner. \ s
The bearing surface of the PISTON ROO
crosshead guide is a flat "~ STUFFING 80X
. . CROSSHEAD
slipper. Bearing loads are ' )
low and with proper lubrica- . e st :
tion ordinary babbit usually  crosseao CROSSHEAD PIN y
- suffices as a bearing surface, V¢ ’
. : ‘ > a J
r2:6.  SUMMARY. o 0 Roo
\\ The epgine block de- ’ ’ CRANKSHAFT.
termiyes the outward appear- . XU
ance of the engine and sup- . Figure 2.6, Crosshead Piston . , -
ports t}‘ive cylinders, cylinder * Side Thrust.
liners, and cylinder heads. o~ e . -
. For largér engines the frame consists of a _sepatate c"ylinder block,
/ crankcase, and bed plate; the smaller high-speed engines have 2 : .
. . . . ¥ .

g cast-irpn block, ‘ ; Y " 4, . \ . R
L. / Cy . . .
g »mmose = Fhe-cylindexr Berve’s as.a combustion sp~afee~—irr"th'é" engin® ghd~ — o
* is usually lined. The three types of liners available are,the dry, - SR

wet, and water:jacketed. The cylinder head seals the cw)linciger form- )

ing a combustion space. . \
ng P — ] . o

Al modern diesel engines, regardless of size and speed,
have precision bearings consisting of thin steel, bronze, or brass
shells with a lining of bearing metal, Only double-acting diesel en-
gines require a crosshead and-crosshead guide. The purpose of‘the
crosshead guide is to take the side thrust coming from the angularity
~.  of the connecting rod which would otherwise be taken by the, cylinder

. liner, . ‘




) 3 rs —
! i '

’ ' . Section II, Main Moving Parts

2.7. GENERAL D) .

- Many of the principal,parts which aré mounted within the main
structure of an engine are moving parts. These moving parts con
o ' vert the power developed by combustion in the cylinder to mecharical
energy that is available for useful work at the output shaft. This sec-
; . tion discusses the mo®ing and related parts that seal and compress
gases in the cylinder and transmit the power developed in the cylin-

der.

2.8. CRANKSHAFT

One of thé largest and most important moving parts in an en-
gine is the crankshaft. The crankshaft changes the movement of the
! piston and connecting rod into the rotating motion required to drive
such items as reduction gears, propeller shafts, generators, and
. pumps. As the name implies, the crahkshaft usually consists of 2
series of crankthrows formed as offsets in a shaft. The crankshaft
is subjected to all the forces developed in an engine. The principal
force a crankshaft must resist is the bending action of the connecting
rod thrusts when the piston is at top dead center., The maximum gas
pressure acts straight down on the crankpin and tends to bend the ~
crankshaft between the adjacent supporting bearings. The crankshaft
must also withstand the twisting or torsional forces produced by the -
turning efforts of the connecting rod. e

— ' A crankshaft with the component parts is shown in figure 2. 7.
] The main bearing journals serve as the points of support and as the

) center of rotation for the shaft. As bearing surfaces, "the journals
- ° (crankpin and main) of most crankshafts are surface hardened so that

a longer wearing, more durable bearing metal can be used without

g causing excessive crankshaft wear’ Crankshafts have 3 main bearing-
g journal at each end of the shaft. In most cases, the.re is an interf-
mediate main bearing journal between the cranks; however, in small
shafts, intermediate journals may not be necessary. Each crank-
throw of a grankshaft consists of three parts: two webs and a pin.
Crank webs are sometime§d called cheeks or arms. The cranks or
throws provide pqi,ntls ‘of attachment for the connecting rods and also
serve as the connécting links Between main journals. In many crank=~
shafts, especially in large engines, the crankpins and main journals . -
are 'of hollow construction. Hollow construction not only reduces
weight considerably, but also provides a passage for the flow of
lubricating oil as Pictued in figure 2.8. .
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Figure 2, 17, Crz;.nkshaft Nomenclature.

Most crankshafts are
machined from forged alloy
or high carbon steel. The
crankshafts of some engines
are made of cast-iron alloy.
Forged crankshafts are
nitride treated to increase the
strength of the crankshaft and
to minimize wear,

v

DRILLED
LUBRICATING HOLES

wEB

2,9, PISTONS
@ DRILLED
LUBRICATING HOLES
Pistons are cylindri- -

Hollow Crankpin
and Lubricating

Passages,

cal parts of an engine which Figure 2.8.
move within the cylinders,

serving first to compress the

air charge at the top of the

cylinder, and second to transmit the force exerted by the combustion
gases through'the connecting rods to the crankshaft. The motion of
thespiston is reciprocating; that is, it moves up and down or back and
forth in a straight line. This reciprocating motion is transf’ormed(
into rotary motion by connecting rods and transmitted to the crank-

shaft.

. To fully understand the operation of a piston it is necessary
to know its detailed construction, ‘A typical piston will normally con-
sist of the crown, skirt, grooves and lands, oil drains, and bosses
as shown.in figure 2.9, Some pistons are designed with cooling fins
and ribs on the interior of the piston, forming cooling oil chambers.
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The crown or head of COMPRESSION RING

. GROOYES AND LANDS
a piston changes the volume
of the cylinder's content (com-
pression), removes gases
from the cylinder (exhaust),
and transmits the force of
combustion (power). Gener- r COOLING Fitls
ally, the crown end of a piston
is slightly smaller in diameter
than the skirt end. The re-
sulting slight taper allows for
expansion.of the metal at the
combustion end. -At normal

operating temperatures, the

diameter of the piston is the OIL RING

same-throughout, To provide RO s

a sufficient cross-sectional ' , '
area for heat flow, the crown Figure 2.9. Piston Construction.

is often made thicker than

necessary for strength. A variety of crown designs are in use to- -
day, including turncated, 'cone, recessed, dome or convex, concave
or%lp, and flat. Piston crowns of concave design are common in
marine engines. The €oncave shape assists in creating air turbu-
lence, which mixes,ffhe fuel with air during the last part of compres-
sion in diesel engines. Recesses are provided in the rim of some
concave pistons to allow room for parts which protrude into the‘com-
bustion space. Examples of such parts are the exhaust and intake
valves, the air starting valve, and the fuel injection nozzle. In some
two-stroke-cycle engines, piston crowns are shaped with irregular
surfaces which deflect and direct the flow of gases.

Piston skirts, like piston heads, are being made in several
designs. Piston skirts may be plain or smooth, slotted or split, or
knurled. In some cases, the plain skirt has a smooth bearing surface
throughout the length of the piston; in others, the diameter of the
skirt in the vicinity of the bosses is slightly less than that of the rest
of the piston. Pistons with slotted skirts permit the skirt to expand
without increasing the piston diameter at heavy sections. The
knurled skirt is of relativel‘y recent design. Knurls are small beads
or serrations on a2 metal surface. —Lgnger service can be expected
from pistons of the knuyrled type because of better lubrication afforded
by the oil carried by the grooves of the knurls. The skirt of a trunk
piston receives the side thrust created by the movement of the crank-
shaft and connecting r"od. In turn, the piston transmits the thrust to
the cylinder wall. In addition to receiving thrust, the skirt aids in
keeping the piston in propet alignment within the cylinder.

J
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Grooves provide a mounting surface for the piston rings and
the lands are used to space the piston'rings on the piston to obtain
the mdst efficient sealing qualities, The number of grooves and ¢
lands on a piston depend primarily on the piston size, type, and
application, K

b
Some pistons are constructed with oil drains (small holes) in

o

————-——%he—h@%ﬂam—ef—eém&ef—%&egrﬁe#e&—@ee&ﬂe&%ﬁﬁdramﬁa&- - —

located in the skirt of the piston. .These holes serve as oil returns,
permitting lubrfcating oil from the gylinder wall tq pass through the
piston into the crankcase, _. .

Generally the bosses (hubs) of a piston are h‘eavily reinforced
openings in the piston skirt. In some cases, the bosses are a part of
an insert which is secured to the inside of the piston. The principle
function of, the bosses is to serve as mounting places for the bushing
or bearings which support the piston pin, They provide 2 means of
attaching the connecting rod to the piston. In some cases, bosses
. serve as the piston pin bearings. Generally, the diametey of the

piston at the bosses is slightly less than the diameter of the rest of

‘s

sion of the extra metal in the bosses. ,
2,10, PISTON RINGS B

Piston rings are vital to engine operation and are designed to
, fit into the ring grooves that encircle the upper (crown) and lower
(skirt) portions. The purpose of the piston rings is to effectively
perform three important functions: "block E'lownw.ard flow of the air
charge or combustion gases, prevent excessive amounts of lubricat-
ing oil from reaching the combustion space, and transfer heat from °

fied according to major services; namely, compressmn seal ring and
oil~control ring. The number of piston rings required on a p1ston
will vary with the type and size of the piston.

EY

3 " The principal function of a compression ring is to seal the

+ cylinder during the compression and power strokes. -Oil is carried

sion rmgos have been designed with a variety of cross sections; how-
ever, the rectangula.r cross section is the most common. Since
piston rings maintain pressure in a cylinder, they must possess suf-
ficient elasticity to press uniformly against the cylinder wall.” Thé
diameter of the ring, before installation, is slightly larger than the
cylinder bore, Because.of 2 joint, the ring can be compressed to

enter the cylinder., The tension created when the ring is compressed
i

44

the piston to the wafer-cooled cylinder wall. Piston rings are classi-"

with the compression rings as they perform their function, Compres-

-

the piston, This provision is necessary to compensate for the expan-




-
.

£l

-

and placed in a cylinder enables the ring to expand and produce a
The pressure exerted by rings

pressure against the cylinder wall.

near the combustion space is increased by the action of the confined

37

~
gases during compression and combustion, The gases press down at
the top ring, forcing it down against the land, The gases then enter
behind the top ring through the side clearance between the ring and
land, forcing the ring against the cylinder wall as illustrated in
figure 2.1Q, The gas pressure on the second and succeeding com-
pression rings is progressively less, since the gas reaching these )
rings is limited to the gas passing through the gap at the ring joint '
of the top ring. . .
, GAS PRESSURE .
Most compression J ./
rings are made of gray cast CYLINDER ;\: { 7 SEARST o8 o RING
iron; however, some have §;
special facings such as a \ /// GAS PRESSURE K
bronze insert in a slot cut , \\\ } ACANST BACK
around the circumference of g, \ \
the ring or a treated surface. FACE N \ /;
Rings with the bronze inserts
are sometimes called gold :ALséuas\ /7 iston unc

seal rings, while those with
special facings are referred
to as bimetal rings. The bi-
metal ring consists of two
layers of metal bonded to-
gether; the inner layer is
steel and the outer layer is
cast iron,

o

Standard compression rings are of single piece, construction

PISTON

2

Figure 2,10,

4

A

Example of Com-
bustion Gas Pres-~
ure Effect on Pis~ .
ton R;gg, v &

¢

and will normally have simple joints such as the 45-degree angle
joint, the straight-cut or butt joint, and the step or lag joint as

shown in figure 2,11.

4S-DEGREE

- ANGLE JOINT BUTT JOINT

\
LAP JOINT .

Figure 2,11,

Ring Joints,

~

3

Basic Compression

The.lap joint provides somewhat better sealing

than the angle or butt joints,
the butt joint is the most com-
mon and is used when operat-
ing conditions pefmit.

Special compression

' rings, or seal rings, are

"used when the ring gap at
joihts of conventional rings
becomes larger because’of
ring face or cylinder liner

1
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wear. Seal rings, as their name irnpl‘{es, seal and prevent leakage
of compression gases around the ring gap and down the cylinder bore
during operation. On sorﬁe high output engines; single-piece, step-
type seal rings are used instead of the top standard compression
rings to reduce normal compression losses. Seal rings on large en-~
gines, where considerable cylinder wear has taken place, are made
in two pieces, a master and an outer ring. Figure 2. 12 shows that
the outer ring completely seals the

— 3&!“%0?99],“510,{, the..master ring...

. Seal rings, being a form of com-
¢ pression rings, are made of the same
material used in standard compression

' rings, 'During engine o ation, the
MASTER RING & g engine operation,

: joints of seal rings remain closed
even when the ring passes over the en-
larged portion of the worn piston
liner. Seal ring joints are desighed
to perform the sealing function,

* OUTER RING. R Seal rings are made to perform °

their sealing function in one direction

. only. . The top side of the seal ring is

- usually marked "TOP" and must
always be installed with the marking
( . toward the piston crown. ’ ‘

ASSEMBLY | 0il control rings are usually o
' . located at the bottomn end or skirt of

Figure 2,12, Two-Piece the piston. In some engines, oil con-

) 4 ’ Seal Ring . trol rings are placed at the top of the

o Composi- ' skirt above the piston pin. Normally,
tion. small engines have only one oil con-
o 4 trol ring; large engines may use two

’

or three oil control rings for each piston.

-,

‘ In pei‘foif'ming‘ their function, oil control rings prevent the up-
ward travel of lubricating oil in excess of that required to lubricate
the compression rings and cylinder or liner wall. Without an ade*-
quate oil film between the’rings and the cylinder or liner wall, undue
friction occurs, resulting in excessive wear of the rings and the cyl-
inder or liner wall. If too much oil is distributed by the rings, the
0il may reach the combustion space and burn. This nét only results

., in the waste of oil, but also causes smoky exhaust and excessive
carbon deposits in the cylinder., Such carbon deposits may cause the
compression rings to stick in their grooves, leading to leakage of
l o™ 34 \
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combustion gases down past the piston into the crankcase. Rings of
various designs have been constructed to improve the control and °?
distribution of lubricating oil in the cylinders of the engine,
. O11 control rmgs are usually made of cast iron and ‘xave a .
narrow face to obtain a higher unit wall pressure. The edge of the -
face is often yndercut to provide a scraping edge. There has been a
growing trenKOWE.rd the use of fabricated steel or stainless steel in
the manufacture of oil control rings. Side rail faces of oil control
rings are often chrome plated. Chrome plating is resistant to high
temperatures, resists wear, and reduces the corrosion effect of
combustion,

rings, the terms_'control' and ”scz‘aper” can be used. When this
distinction is made, the control rings are those closest to the com-
pression ri.ngs, while the oil scraper or wiper rings are those
farthest from the compression rings. In some designs, the oil con-
trol ring may have a single, narrow, beveled scraping edge; in other
designs, two narrow, beveled scraping edges are used.

The single-land, beveled, and grooved 011 ring has a single,
narrow, beveled face that presses against the cylinder wall, per-
forming the oil control and distribution function. The bewel on the
upper edge of the ring face causes the ring to ride over the oil film
as the piston moves upward. As the piston moves down, the hooklike
lip in the ring scrapes or wipes the oil from the cylinder wall. The
excess oil is forced into a machined oil collecting groove and re-
turned tothe crankcasethrough
drainage holes in the piston PISTON PISTON

LINER PISTON LINER  PISTON
‘ wall. In some designs, the .
. -piston skirt below the bottom

\\\\.__

oil control ring is machined § 7

smaller to provide & passage \ OIL RINGS

for-the scraped excess oil as \\ 7 ORAINAGE

shown in figure 2. 13,/ I% HOLE i 5
%,

X ////

o Oil control rings de- \ /: PISTON
signed withtwo scraping edges k / MACHINED
are commonly called double- N SHALLER

WALL

AR

land beveled, and ventilated oiL SCRAPED
" " "7 oil'rings. Double-iand, vén-  COLETNG - = R -
tilated rings are designed in )
. single piece construction with Figure 2,13, Single-Land, Bev-
slots cut ‘through the top and» . eled, and Grooved

bottom 2ands or rings faces, . Oil Ring.

-~




The ventilating slots permit

. excess oil to pass through the
,ring to the back of the ring °
groove. Drain holes in the
piston permft oil to flow back
to the crankcase as illustrated

in figure 2,14, : VENTILATING
’ sLoTS -

—2. 11, PISTONPINS

mum weight. Lubrication is ; )
provided by splash from the crankcase or by oil forced under pres-
sure through passages drilled through the connecting rods, T

Piston pins are secured in 2 piston and connecting rod in one
of three methods: rigidly fastened into the piston bosses, clamped
to the end of the connectiag rod, or free to rotate in-both piston and
connecting rod. Figure 2,15 shows the piston pins secured by these !
three methods. They are identified as anchored or fixed pins, semi-
floating pins, and full-floating pins. ' T

PISTON
iston pi . _
The piston pins provide o CYLIND
a link and a};ivot piint Ip;etween G~ \ 7////////////% Cien vt .
the piston and the connecting _:ES‘TTM"NG ' \“'.,. (71 ORAINAGE |
rod. They are usually made of e ’ UPPER LAN ‘
tubular steel alloy, machined, //////,”% |
hardened, precision ground, OIL-COLLECTING Eg:'s':zkffno 1
and lapped to fit the bearings. GRoOvE N 7/ ‘
In some cases, piston pins are N |
‘chrome plated to increase the € ' |
wear resistant qualities. Ideal Figure 2714, Double-Land, Bev- J ) i
piston pin construction provides eled, and Venti- . - . ‘
maximum strength with mini- ’ * lated Oil Ring. S
i
\
\
\
|
|
|
\

i

! a, Anchored or fixed pins are secured to the piston at the
bosses by a press fit or a-screw running through one of the bosses,
_The connecting.rod oscillates on.the pin. _Since all movement is by  _ _ .
the connecting rod, there is uneven wear on contacting surfaces of

this installation, ) .

b. Semifloating pins are‘secured in'the middle of the con-

necting rod by a press fit or they are fastened to the connecting rod |
by bolts.: In this type, the ends are free to move in the piston pin
bearings in the pisten bosses. |

ﬂ c. Full-floating pins are not secured to either the i)iston or
connecting rod. Pins of this type may be held in place by caps, plugs,
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FULL-FLOATING

|
i FIXED o

. b »

' Figurg 2.15. Types of Piston Pins.

M snaprings, or spring clips which are fitted in the bosses. The

» gsecuring devices for a full-floating pin permit the pin to rotate in

both the connecting rod and piston.pin bosses. The full-floating
piston pin is the most commonly used of the three pin types.

2.1z, PISTON RODS AND CONNECTING RODS

The piston rod is a hollow straight rod which connects the,
piston to the crosshead and is therefore restricted to engines de-
signed with crossheads. Piston rod motion is straight reciprocafion.
‘Pas sagés within the rod permit the cooling oil to enter and leave the
piston as shown in figure.2. 16, The connecting rod serves as the
connecting link between the piston and crankshaft or the crankshaft

_ and.crosshead. In transferring the forces of combustion to the )
 crankshaft, the connecting rod changes the reciprocating motion of-
the piston to the rotating motion of the crankshaft. Figure 2,17 .
shows that the type of connecting rod used in an engine depends on

cylinder axjrangementéand type of engine.

[ .
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Piston rods and connecting
rods are generally made of drop-
forged, heat-treated, carbon
steel (alloy steel forging). The ~
rods are usually machine fin-
ished and drilled hollow axially
to reduce overall weight and

prct'rids an: gil Passage for hPQf‘L

ing lubrication.

Piston rods usually have a
tubular type construction. Con-
necting rods, in most cases,
have an I or H shaped cross sec-
tion which provides maximum
strength with minimum weight.
The bore (piston pin eye) at the
piston end of the connecting rod
is forged as an integral part of
The bore at the crank-"
shaft end is formed by two
parts, one an integral part of
the,rod and other a removable
The bore at the crankshaft
end is fitted with a precision,

shell-type bearing.

DRILLED OIL \

BEARING *

\ ARTICULATED

A :
13 15
- A //’!
. / Z A
% %,
%
4
¥
oSN
3~
» 2 .
7 / Z “‘: 7
] ,
oL ouT
O O
PISTON ROD
BALL
COOLING o ]
. oiL W V3 SOCKET
NUTY
SOCKET
= \ SABBITT
- LINING
Yz - the rod.
-
44
oiL ouT oIt N //
. - /// SEARING
PIN SURFACE
et SUEPER) T cap
BRONZE z J
BUSHING” * AV
CROSSHEAD Z
Figure 2,16, Piston Rod and
Craosshead As-
. sembly.,
PASSAGE
.
: FORK-AND.BLADE NORMAL
Figure 2,17, Types of Connect;,ng Rods.
(€] : . ’

2R

Fa

50




* ~

2.13, , SUMMARY ‘ ‘ .

Because of the high pressures and temperatures developed in
diesel engines, the various parts must be extremely durable, The
crankshaft changes the movement of the piston and connecting rod
into rotating motion. ‘It is kept at the shortest length pos sible for its
particular engine and is made of strong alloy steels.

3 . >

The pistons are cylindrical parts of an engine which move
within the cylinders, serving first to compress the air charge at the
top of the cylinder, and second, to transmit the force exerted by the
combustion gases through the connecting rods to the crankshaft.
The¥y are cast with interior ribs to withstand the pressure cneated -~

7%

in the cylinder produced by ignijtion of the fuel, Most pistons in
_marine diesel engines have a concave-shaped crown to produce air
turbulence.. Piston rings are vital to engine operation and are de-
signed to fit into the ring grooves that encircle the crown and skirt
of the piston, They serve three purposes: block downward flow of
combustion gases, prevent excessive amounts of lubricating oil from
reaching the combustion space, and transfer heat from the piston to
the water-cooled cylinder liner, Most compression rings are made
of grey cast iron.

Piston pins provide a link and a pivot point between the piston
and connecting rod. They are usually made of tubular steel, The
three types of éiston pins are the fixed, semifloating, and fulle
floating., The connecting rods, regardless’of configuration, are

used to transmit the power created by ignition to the crankshaft,
h]

<




Chapter 3 ' ,

VALVE GEAR

5

3,1, INTRODUCTION . ‘ N

The valve gear consists of a combination of parts, including . -
- the various valves which control the admission of the air charge in
four-stroke engines, the discharge of exhaust gases in ‘all four#=
stroke and many two- stroke engines, the admission of fuel in some
diesel engines, and the admission of compressed air for starting all
larger engings. The combination of those parts, which only operate
.the various 1ntake, exhaust, fuel, and air starter valves, open and
close them at the proper moment in relation to the position of the

piston, and hold them open during the required time, is called the .
valve actuating gear. The word "actuating' means producing action . v ‘\ -
or moving. % . 3 :.,-* ,

'3.2, CAMS AND CAMSHAFT F 3
¢ A cam is an eccentric projection on a revolving ‘m“ék which’ E
controls the operation of a valve, usually through’ varigus ;ﬁ}érmedp ;
. ate parts as described in the precedmg paragraph. Originally cams /
were made as separate pieces and fastened to the camshaft. How- ‘
_ever,-most modern diesel engmes, even in larger sizes, ‘%.pow have
" cams forged or cast 1ntegra1 with the camshaft and then m‘achmed .,:’ - e
_The camshaft is similar to the one in an automob11e engme.s If one/
cyhnder is timed correctly, all are, and any change in t1mn}g Wlll'
affect all cylinders.

i

* g
In operation, cams are subjected to shock action; to reau‘c‘e :
wear, they must be hardened. The shaMf the cam dete rmmeE the
points of opening and closing of the valve, /the speed of opening; 1d
closmg, and the amount of the valve hft., The required cam sﬁ ! i
or proﬁle surface is obtained by accurate grinding. The side$ of a
cam are called flanks; the highest part/is called the nose. The cam - \
may have- flanks curbed outward, called eonvex-curve flanks. Fig- .
ure 3.1 shows cams mth straight sides, called tangentlal flanks. .

-~ |
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Figures 3.1la and b are typical
intake and exhaust cam shapes
for four-stroke engines and
3.1¢ is an exhaust cam for &
two-stroke engine,

Figure 3,2a illustrates @ (b) ©
an adjustable fuel-injection ; ) . ]
cam as used on four-stroke Figure 3. 1. Profiles of Intake
engines with a common-rail’ and Exhaust Cams.

. or similar injection system in ! )
which the nose rnay have to be exchanged and_the injection accurately
timed. Chapter 4rgxplains the common-rail system in detail. The ‘ .

| nose_is made in the form of

a'hardened steel insert i,

held by a set screw s, and

blocks or keys k, which can

be filed to obtain the exact ™ ‘

location of the nose, Figure .

3.2b shows a fuel-injection

cam as used on a two-stroke

engine with a unit injector.

N

(a) o}

Figure 3.3a shows the
Figure 3.2. Fuel-Injection typical shape of the cam for
- ) | - Cams, . the air-starter valve of 2
"’ four-stroke engine; it has a
quick and abrupt lift which gives full valve opening almost immedi-
ately, /and prevents throttling of the compressed air through the
starting valve. A gradual
seating of the valve is obtained
by the smoother shape on the
closing side. Figure 3.3b
illustrates an air-startingcam
for a high-speed two-stroke -
diesel engine.

.

!

A four-stroke engine (a)
has at least two cams for each .
cylinder, one for the intake Figure 3.3. Air-Starting Cams.
and the other for the exhaust . R

valve. Depending upon the fu;al-w'inject’ion system used, there may be
another cam to operate the fuel-injector, and if air-starting is used,
still another cam for the air-starting vaive. If the engine is rever-
sible, another set of‘cams is used for the other direct_:ion of rotation
of the engine, resulting in as many as eight cams per cylinder. -A

¢
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two-stroke engine does not have a cam for the intakex- but if exhaust
valves are used, at least two exhaust valves per cylmder are present
which may be operated either by common or two” separate cams, soO
that the number of cams_is about the same as in a four-stroke engine, |

.

¥

As already mentioned, in soine engizfes the camshaft is a 4

' straight round shaft and the'cams are separate pieces, machined and

keyed to the shaft, wever, in most modern diesel engines the

cams and the shaft forged or cast in one piece, In some larger
engines the integral camshafts are made up of two or more sections .
to facilitate replacemeént in a restricted space.- The sections are .
bolted together by flanges with fitted reamed holés to assure accurate
timing. Most camshafts are made of forged stee¥, usually of gjckle®
chroiniurri alloy steel, and the larger ones are usually bored hollow.
They are heat treated and in some cases the cams aze surface hard-
ened,. The camshafts are carnea in plain bearings.

Camshafts are driven from the engi;ne crankshaft by various
means. Figure 3.}5 shows a drive by a train of straight sput gears

‘used’in most marine diesél engines. Figure 3,4b shows a drive by

two pairs of helical- gr screw gears and an intermiediate vertical
shaft; figure 3.4c, a similar drive but using two pairs of bevel gears.
Figure 3.4d shows a chain drive; d is the crankshaft; p, the sprocket
keyed to it; g, the camshaft spro ~and m, the camshaft,

-

CAMSHAFT ORIVE GEARS : . . 1
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L \Fig‘ure 3.4, Types of Camshaft Drives.

In two4stroke’'engines the camshaft rotates at the same speed
. as the crankshaft, while in four-stroke etrigines it rotates at half
crankshaft spgld. S ’

‘-‘ﬁ ,A ' ’ ’ L d
3.3. CAM S]O‘LLOWERS\ :
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~The combina}tion of the

convex-flank cam with the flat
mushroom followér causes a
con81d7erably faster valve
opening and closmg and is
used on smaller engines, run-

' ning at higher speeds. The
disadvantage of this type of
follower is a fastetr accelera-
tion which results in higher
inertia forcés. On the other
hand, this combination gives "’ Figure 3.5, Cam Followers,
a lower deceleration of the - : )
valve assembly as the latter approaches the top or nose of the cam,
and consequently requires somewhat smaller spring forces to prevent
bouncing of the valve gear. Bouncing of the valve gear occurs after
it has reached the maximum acceleration point during the lifting of
the valve, and from then on it must be decelerated as the follower

" nears the top of the lift at the nose of the cam. The inertia of the
valve gear at this point tends to lift the valve faster than the cam
action. If the valve spring does not have enough force to decelerate
the moving parts of the valve gear at the same rate as the contour of
the cam, the follower will leave the surface of the cam, if only for
an instant. When it makes contact again, it does so with considerable,
shock, causing pounding and excessive stresses and wear in various
parts of the valve gear. This is called bouncing and is undesirable.
The sliding part, t, of a follower which moves up and down in a bored
hole above the cam and take,g&tﬁ'e“’é‘i'de thrusts exerted by the cam is ‘
called a valve lifter or tappet,

(e} *

(o)

The action of the pivoted follower resembles the roller fol-+ -
Iower. Its main advantage is that the side thrust frd?ﬁ the cam is
. taken by the pivot of the lever arm instead of by the sliding tappet as
with the other types. The rollers of the followers are made of steel,
hardened and accurately ground to size and to a circle. Itis im-
portant that the rollers have®Mittle or nd play and that they remain
concentric, meaning that the center of the outside circle and of the

. hole in one roller are at the same point. .
/ AY
- 3.4, ROCKER ARMS AND PUSH RODS

“The rocker arm has one end in contact with the top of the
valve stem, and the other end, by means of a hardened-steel roller,
is in contact with the rotating cam profile as it rotates if the cam-

. . shaft is near the cylindér head. If the camshaft is located below the
" other end of the rogker arm, it is contact with the upper end of the *

¢
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push rod; the lower end of the push rod is in contact with the fotat-
ing cam through a cam follower. In most designs, the rocker arm .
is pivoted, not always at or near its middle, and the pivot pin is
held in brackets secured}cs the cylinder head.

S When two or more valves-of a cylinder must be opened and

" closed at the same time, as in the case of the exhaust valves of some
General Motors Corporation two-stroke engines, one rocker arm
may be used to operate two valves by acting upon 2 "bridge" betweens
the valve stems. The bridge has special cams in contact with the
valve stems, and a lower extension actipg as a guide, An auxiliary
spring is used under the bridge to offset its inertia and that of the
rocker arm, and to assist the valve springs in maintaining the cam
follower in contact with the cam at all times.

3.5. WALVES

The intake and exhaust valves used in diesel engines are the
mushroom-shaped, poppet type as shown in figure'3.6. The valve
assembly consists of a valve, valve spring, valve lock retainer, o
valve spring lock, valve stem cap, and lockring. The purpose of Y
the valve spring is to hold the valve to the machined valve seat to
insure a tight fit,

VALYE-SPRING LOCK

YALYE YALYE.STEM CAP
| WW ‘g ‘
| b LOGK RING
YALYE SPRING YALVE.LOCX
RETAINER
v Figure 3.6. Poppet Valve Assembly, {? ’

&
&

Poppet valves have heads with conically shaped or beveled
edges and beveled seats which give them self -centering action, The
bevel seats on poppet valves of most engines are ground to an angle
of 45° to the flat side or plane of the valve head., On some they are
ground to an angle of 30°, , 3

o

The material used to make an intake valve is usually carbon
or nickle steel, Although the intake valve is subjected to the heat of
combustion, sufficient cool air flows over it when the valve is open
to maintain a workable temperature. Exhaust valves present a dif-
ferent problem from that of the intake valve. Instead of being cooled




“t

by lgw temperature air like the intake valve, the exhaust valve is be- %7
ing donstantly engulfed in hot exhaust gases and corrosive tempera-
tures of these gases: Silicon-chromium steel (silichrome) is the
mateérial usually used for exhaust valves. Often a special material
sucH as stillite is welded to the seating surface of the valve head as
well| as to the tip of the valve stem. This increases the hardness of
the surfaces that are subjected to the constant pounding of opening
closing. To improve the wearing qualities of the valve stem,
idh usually operates in a valve guide of softer metal, the stems of
y exhaust valves are made of a steel different from that used

e heads. The stems are welded to the heads to form built-up

alve guides act as a bearing surface for the up~-and -down
bf the valve stems. These cylindrical sleeves are installed
ng them into place from the tops of the cylinder, using a
efigned for that specific engine. This tool serves as a stop for
properly positioning the guides in the head so that the lower end of
"the guilde is flush with the top of the specific valve. The guides are
installed with the countersunk ends upward. After installation, they
are reamed to close tolerances with the valve stems to preclude any
gas leakage passing down from the valve chambers. Additionally,
this close valve stem guide clearance allows for the true seating.

All poppet valves formerly were seated directly on the sur-
face of the cyl‘indér head. This practice is still satisfactory for most
intake valves, but usually will not give good service for exhaust
valves of high temperature engines., Cast-iron seating surfaces tend
to soften and erode under the high temperature caused by the heat
transfer from exhaust gases and contact with the hot exhaust valves.
To increase the life of exhaust valves, most engines now have valve
seat inserts installed. Valve seat inserts can be used with both in-
take and exhaust valves, but are more frequently used with exhaust
valves onl". These inserts are rings of a heat-resisting alloy which
fit into counterbored recesses in the valve port opening. They are
held in place by a shrink or press-fit of 0. 0005 to 0. 0025 inch., The
alloy used in inserts has approximately the same rate of heat expan-
sion as the cylinder head; therefore, the insert is held firrly in
place at all operating temperatures.. :

Valves for large engines sometimes are assembled in cages,
‘which carry the valve, the seat insert, stem guide, and spring. The
cage is removable from the cylindéer head as 2 unit and is usually
water cooled. The cage is normally made of cast iron. A worn seat
x insert can be. removed from the cage and replaged.

%
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3.6. VALVE SPRINGS

A valve spring closes the valve. Valve springs used on
diesel engines are made of round steel wire, wound,in a helical coil,
as shown in figure 3.6, Springs of this type have a force which is
directly proportional to the amount they are compressed. Only a
small portion of the maximum valve spring force is necessary to
keep the valve tight on its seat. The principal duty of the valve

‘ spring, as mentioned before, is to provide sufficient force during

the valve lifting process to overcome the inertia forces of the valve
gear and keep it in contact with the cam without bouncing. This is
obtained by putting the spring under compression when the valve is
installed. When the valve is opened, this force is increased by addi-
tional compression of the spring.

The space available for the valve spring is limited and there-
fore it is not easy to design and construct a spring which will exert
the necessary force and still not break under the constantly repeated
change of stresses., A spring made of wire with a2 small diameter is
subjected to less stress than one rmade of wire with a larger diameter,
but it also has a smaller force. In some engines two or more valve
springs with a small wire diameter are used to operate the valve gear.

Valve 'springs are mounted between supports located at their
ends and known as spring seats. The lower spring seat may be sim-
ply a recess in the top of the cylinder head or valve cage, or it may
be-a steel washer which rests on top of the cylinder head and is
/shaped to fit the bottom coil of the spring. The upper spring seat,
called the spring or valve-lock retainer, is a steel washer shaped to
fit the top of the spring and attached to the top of the valve stem by a

removable fastening.’

The most widely used spring retainer has & conical recess in
the upper seat in which the valve stem is locked by a conical split

- collar, called a lock or keeper. This collar fits around the stem and

into one or more grooves turned in the valve stem, as shown in
figure 3. 7.

’ The pressure of the
spring on this retainer.tends
to hold the locks tightly in
place; yet they may be re-
moved easily by depressing
the spring while holding the
valve in its closed poéitionq
Figure3, 7. Valve-Spring Retainers. Thete are two advantages to
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this type of retainer and keeper: first, they do not loosen in service; ;
and second, they give a strong fastening which does not result in
weakening of the valve stem, which frequently occurs when other
types of fastenings aré used. Some large diesel engines use valve
spring retainers held in place by a lock nut which screws into threads

on the upper end of the valve stem.
> ) 3.7, VALVE LASH AND ADJUSTMENT .

When the engine heats, the expansion of the valve stem and
other parts of the valve gear have a tendency to hold the valves off
their seats. Some provision, éher‘efore, must be made in the valve
gear to take cafeof this condition. The most common method used oL
to permit this expansion is to provide a clearance or lash between

) the top of the valve stem and the valve-lifting mechanism. The
proper lash is determined at the factory and is given in the engine in-
struction book. It is important that the valve lash specified for the
valve be maintained. Too much lash causes noisy opé€ration and ex-
cessive wear. It also results in improper valve timing, since the
valve will open later and close sooner than it dotes with the proper
lash., Too little lash is even more serious since it may prevent the
valve from seating properly. This will result in valve leakage and
burning of the valve-seating surfaces, and may even prevent combus -
tion because of loss of compression.

All engines are provided with means for adjusting the lash or
clearance in the valve gear somewhere between the cam follower and
the valve stem. In most engines this adjustment consists of an ad-
justable screw and lock nut located at one end of the valve rocker
arm, The clearance is measured directly by inserting a feeler gauge ' .
between the tip of the valve stem and the rocker-arm roller. The
types of lash adjusters are explained in the following three subpara-
graphs. ) . .

a. Automatic valve-lash adjusters are used to avoid the
necessity of a clearance between the cam and the follower regardless
: of whether the engine is cold or warm and, by insuring a constant con-
tact between the cam and the follower, to eliminate the shock action,
at the beginning of the valve opening. They also eliminate the need
for manual adjustment to take care of the wear at various points of

the valve gear. , ’

14

b. A mechanical valve-lash adjuster is incorporated in the
valve bridge. A spiral spring has a tendency to turn the cam, as
shown by the arrow ip figure 3.8, when the cylindrical spring pushes
the bridge 'to its highest position. The spring takes up any clearance :
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_In operation, oil under pressure from the lubricating oil system

-

7

between the various parts of the valve-actuating
gear, and the turning of the cams takes up
clearance between the ends of the bridge and
the upper spring seats solidly connected to the
valve stem, .

L 4

c. Hydraulic lash adjusters may be built
into the valve tappets, but with valve-in-head
engines they are geneérally built into the end of
the rocker arms or the valve bridges which
Figure 3.8, Cam of operate directly on the ends of the valve stems.
a Mechani- Figure 3,9 illustrates such an adjuster. It
cal Lash consists essentially of a small cylinder, re-
Adjuster. ferred to as the lifter cylinder, coﬁtaining a

piston or plunger, a spring, and a ball check
valve, It is positioned between the push rod and the rocker arm end.

B

enters the lifter cylinder past
the ball check valve and is

ADJUSTING SCREW -
v .
trapped under the pluxiger. A LOCK NUT
Any force exerted against the
outer end of the plunger is KYORAULIC | __-POCKER ARM )

transmitted to the cylinder,
mounted in the valve gear, by  LFIER .

the entrapped oil, The valve
is thus actuated just as if the
lash were taken ap mechani-

BALL
CHECK VALVE

o

o] % 5
PRESSURE

. clearance between the valve

" and its lifter is taken up, and Figure 3.9. Hydraulic Lash
the oil pressure immediately : Adjuster.

" fills up the lifter cylinder

" cient leakage of oil past the plunmger to permit it tp move in slowly.

3.8. SUMMARY

-
- .
c .
. . . .
%—

SNAP RING

cally. Since the spring inside
of the cylinder acts to force
the plunger outward, any

END OF
PUSH ROD

through the check valve, If the valve stem expands, there is suffi-

so there is-no danger of holding the valve open.

A, '
; !

The operation of the valves in a diesel engine is started by
thé cams fixed to the rotating camshaft. The movement is trans-
ferred to the valve by the valve gear. The first piece of the valve
gear is the cam follower which makes contact with the cam. The
cam follower can be one of three types: flat or mushroom, roller, - -
or pivoted. . 'I'h”eﬁnlext piece of gear is the push rod which transmits
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the motion from the cam follower to the rocker arm. The rocker
arm is pivoted in its middle and is pushed by the push rod on one
arm and operates the valve with the other.

The valve and its mechanism consist of the ‘valve, valve:
spring, valve-lock retainer, valve-spring lock, and lockring. The
valve can be adjusted for lash or play by three methods: mechanical
adjuster, hydraulic adjuster, or automatic adjuster.

/

The mechanical valve-lash adjuster is incorporated in the
valve bridge. A spring takes up any clearance between the various
points of the valve-actuating gear. The hydraulic ldsh adjuster may
be built into the valve tappets, but with valve-in-head engines they -
are generally built into the end of the rocker arms or the valve
bridges which operate directly on the ends of the valve stems. _Auto-
matic valve-lash adjusters are used to avoid the necessity of 2 clear-
ance between the cam and the follower regardless of whether the
engine is cold or warm and, by insuring a constant contact between
the cam and the follower, to eliminate the shock action at the begin-
ning of the valve opening.

-t
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FUEL INJECTION SYSTEMS
’ &

4,1, INTRODUCTION

The fuel injection system is the most intricate of all systems
affecting the operation of a diesel engine. Originally there were two
methods of fuel injection: air injection and mechanical or solid injec-
tion. Air injection is now obsolete. Mechanical injection may be
divided into three distinct system’s--common-rail, individual-pump,
and distributor, Because this is a basic course, the study of fuel in-
jection systems’ covers only fundamental principles. A more detailed
study is found in Reference Text 447,

4,2, REQUIREMENTS OF FUEL INJECTION SYSTEMS

Efficient operation of a diesel engine requires that the fuel in-
jection system perform the functions outlined in subparagraphs a
through e. The means of performing these functions vary according
to the system used. "

'
.

a, Metering or measuring of the fuel means that, for any
given throttle setting, the same amount of fuel delivered for each
cycle must be in accordance with the engine requirement, and exactly
the same amount of fuel must be delivered to each cylinder for each
power stroke. Only in this manner will the engine operate at uni-
form speed with 2 uniform power output. -

b. Timing means accomplishing fuel injection at the correct
point and time in the cycle at all engine speeds and loads. This is
essential to obtain maximum power from the fuel and insure clean
burning. When| the fuel is injected too early in the cycle, ignition
may be delayed because the temperature at this point is not high
enough., An exqessive delay«causes rough and noisy operation of the
engine and permits fuel to be lost through wetting of the cylinder
walls and sté | head. Unburned fuel may accumulate, producing
excessiv preqs\ure and resulting in noisy operation and poor fuel
economy. Wherﬂkfuel is injected top late in the cycle, all the fuel is

\

not burned until the piston is well into the power stroke. When this

a
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happens, the engine does not develop its maximum power, the ex-
haust is hotter than normal, and the fuel consumption is high.

c. Rate of injection is the amount of fuel that is )injected into |

the combustion chamber in a particular time or degree of crankshaft
rotation. When the rate of injection is too high, a metered amount of
fuel is injected in too short a period, or du;'ing an insufficient num- .
ber of degrees of crankshaft rotation. When it is desired to decrease
the injection rate, a nozzle tip with smaller holes is used to increase
the duration of fuel injection. The~effective rate of injectian upon '
engine operatioh is similar to that of timing.' When the rate is too
high, the results are similar to an early injection. _When the rate is
too low, the results are similar to excessively late injection.
x < - ' B

“d. Atomization is the breaking up of the fuel stream into a
fine, mistlike spray. Some combustion chambers require a very
fine atomization, while others operate with a coarser atomization.
Proper atomization facilitates the starting of the burning process and
insures that each minute particle of fuel is surrounded by oxygen for
efficient burning.

e. Distribution of the fuel must be such that the fuel will
penetrate throughout the combustion chamber where oxygen is avail-
able for combustion. If the fuel is not properly distributed, some of
the oxygen will not be used and the power output of the engine will be
low. (

\ ’ w

4,3. COMMON-RAIL INJECTION SYSTEMS

The basic common-rail system consists of a high pressure
pump which discharges fuel into a common rail or hgader-to which
each fuel injector is connected by tubing. A spring-\oaded bypass
valve on the header maintains a constant pressure in the system,
returning all excess fuel to the fuel supply tank. The fuel injectors .
are operated mechanically, and the amount of diesel fuel oil injected
intc the cylinder during each power stroke is*controlled by the lift of
the needle valve in the injector. The principal parts of a basic
common-rail system are shown in figure 4. 1.

The pressure regulator, which functions as 2 relief valve, is
generally built integral with the high pressure pump. When the en-
gine load drops off, the fuel consumption decreases and the valve by-
passes the excess diesel fuel oil delivered by the pump. When a load
is added resulting in increased fuel consumption, the amount of by-
passed oil is reduced. \
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Figure 4,1, Basic Common-Rail System (Cooper-Bessemer).

The spray or mJectmn nozzle extends from the top of the cyl-
inder head down into the combustion area, It consists essent1a11y of
a multiple-spray tip, a valve seat, and a needle valve extendmg the
full length of the nozzle and held to its seat by a spring. The high
pressure is conducted from the fuel header to the spray tip, immedi-
ately above the valve séat, When the needle valve is lifted vertically
from its seat, fuel is sprayed into the combustion chamber.

The duration of the injection periods depends upon the length

| of time the valve is off its seat, The quantity of fuel injected depends

| upon the period of injection, the size and number of holes in the tip,
and the operating pressure. The needle valve is lifted mechanically
by a system of push rods and cross rods, actuated by a timed cam-

) shaft, The duration period of the needle valve opening depends upon

the clearance between the cam and push rod mechanism. A minimum
clearance promotes a greater needle valve lift; a maximum clearance A
carried to the extreme will not transmit the cam lift to the needle

| valve, as is the case when the throttle is in the OFF position. A

' wedge mechanism, located between the cam and push rod mechanism

o . ) ’ y .
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controls the amount of clearance and affects cam lift. Figure 4,2
shows a fuel control mechanism. ’
A\ N % i . ,
On some engines, the
wedge is located between the
cross rod and the injection

needle valve, Whenthewedges * [TWEDGE AT INWARD |
are pushed in all the way, a POSITION |

minimum clearance exists,4 MINIMUM CLEARANCE !
The inclined plane of the cam MAXIMUM FUEL |

contacts the needle opening
push rod soonér and raises
the nozzle needle earlier. 3 i | weoce

Since the contour of the clos- i
ing+side of the cam is usually I
the same as that of the open- L UFTER
ing side, the needle returns .
to its seat an equal number of /
crankshaft degrees late as it “ CONTROL
was degrees early in opening. HAFT | S

g y P g | SHAFT | GUIDE

° . \ HOUSING

The wedges are at- wsociésrn%ugwuo - T
tached to a single shaft which . : | FUEL CAM
- . MAXIMUM CLEARANCE =
is coupled to the governor or | MINIMUM FUEL -

_ CAMSHAF!

engine throttle, depending on

the service of the engine, .
Consequently, they are moved

in or withdrawn as the engine

load changes to increase or

decrease cam to push rod » /
clearance and vary the dura- Figure 4.2, Fuel Control /
tion of injection, as needed, Mechanism.

to meet the demands of the engine.

Engine performance is affected by the duration of the injection
period. A shorter period is advantageous in starting the engine or
when running at light loads. A longer period is necessary at greater
loads. .- ‘

-

An isolating valve is located in the line from the common
header to each nozzle. Having individual cylinder isolating valves
permits shutting off any one of the nozzles. The fuel injection sys-
tem has an accumulation bottle on the pressure side of the pump to
increase the volume of fuel in the system. A large volume of oil
dampens the pumping pulsations anderhaintains a constant supply on

the header.
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The common-rail system is not suitable for high-speed, small
small bore engines because it is difficult to accurately control the
- small quantities of fuel injected into"each cylmder at each power
stroke,

4,4, INDIVIDUAL-PUMP INJECTOR SYSTEM
Individual-pmnp systems are"designed‘ to meet the demands ‘ -

of modern, high-speed engines. This system, also known as the
jerk-pump system, has two essential parts to each cylinder, the in-"

o, jection pump and the spray nozzle. The injection pump raises the
e pressure, meters the charge, and times the injection. An individual
L o pump serves each cylinder on large engines. The pump or pump cyl-
inder is connected ta a spray nozzle containing a spring-loaded check .
valve,

"-In most jerk pumps, the total plunger stroke is consta;nt and
the metering is controlled by varying the length of the effective part
of the plunger stroke, by one of the following methods:

a, The fuel is admitted into the pump barrel through ports ’
in the barrel controlled by a spiral groove or scroll, also called the .
helix on the plunger. The plunger can be turned in the barrel while
moving back and forth, This changes the portion of the plunger
stroke during which the ports are covered and the fuel is delivered
to the nozzle, i

LA

b. The fuel is admitted into the pump barrel through ports
in the barrel controlled by a separate valve,

4 The principle of the plunger-controlled pump can be bet-
ter understood by referring to

figure 4,3, At the bottom of ////,,, Ny /////,,, 07/ ////,,/
ion’ ) b
the stroke, the suction and ,,;:’/}' ,,/,?/}. ,,,,9}' @,9}/'/ 4’97

.pressure release ports are

- - ‘e - ,\ 3 A

both in communication with §.§ § N §...=\\‘ S § .

v the inner pump spatcte:; When R ‘.{ '\'--‘ '\.'I ‘»{' Q |
. §! -§ § ‘ 9 N l\\ ] ‘I'?

the plunger has moved a cer- - §J is \ }'\J§ ¢ i

tain distance and covered both §'-‘s y s.s 1

ports, fuel delivery begins @ @ ” 7:)“

with a jerk and lasts until the BOTTOM  BOTT END OF - BATTOM

1 dee of th iral beging - OF STROKE OELIVERY oF STROKE DELWERY OF STROKE
ower edge ol.the spiral DEgIns " (,.yuym DELIVERY) (NORMAL DELIVERY) (ZERO DELIVERY)

to uncover the release port.

‘At that point, the pressure Figure 4,3, Barrel With Vari- p
drops and fuel delivery stops. ous Plunger Posgi-

'The plunger continues to travel ‘ tions. l
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a shoxt distance to the top of its stroke and then begins to move down-
ward, If the plunger is turned about 60°, the distance between the®
top edge of the plunger and the edgg of the spiral sliding over the re-
lease port is shorter, and the fuel delivery stops earlier. Fmaﬂy,

1£ the plunger is turned 90° more, the release port stays uncovered
and no fuel is delivered. 2 ,

“ - . t

In the operation as shown in figure 4.3, the beginning of the
effective stroke always occurs at the same moment, but thesend of
the. injection changes with the engine load. It is later with a higher
load, greater fuel delivery, and earlier with a lower load, smaller
fuel delivery. The middle of the injection stroke is advan.ed With a -

.load increase. -

) L Y

This condition can be reversed by making a spiral edge at the
top of the plunger and a sqQuare groove at its bottom.. In this case the
beginning of the injection will be earlier with an increase in the load
and latet with a decrease in.it, while the end will be always constant.
The middle of the mJect:.on is retarded with an increase of the load,

a condition, which however, is not desirable. By making both edges
spiral, inclined in opposite directions, the middle of the injection
stroke can be kept constant for all loads.

Naturally, the cdmpressibility of the fuel and the mechanical

" flexibility in the pump mechanism retards the actual start of injec-

tion into the cylinder, producing an injection lag.

3

4.5, FUEL NOZZLES

l§}xe nozzles are either the open or the closed type. The open
type usudlly is a simple spray nozzle with a check valve which pre- .
vents the high-pressure gases in the engine cylinder from passing

to the pump. Although the open nozzle is simple in construction and
operation, it is not generally used because it does not fully atomize
fuel. The closed nozzle is used more commonly. Basically, it is a
hydraulically operated, spring-loaded needle valve. Most closed
nozzles open inward under the pressure actmg on the differential
area of the needle valve, They are seated by a spring when the
pressure is cut off, as shown in figure 4.4, The larger cylindrical
part of the valve has a lapped fit with the nozzleshody. The two main
types of such nozzles are the pintle and the hole. The valve 3t the
pintle nozzle, as illustrated in figure 4.5a and b, has a pin or pintle
protruding from the hole in the bottomofthe nozzle, causing a close
fit. The fuel delivered by such a nozzle must pass through an
annular or ring-shaped orifice. The spray is in the form of a hollow
cone, whose outside angle, which may be any angle up to 60°, is

7
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.determined by selecting cer=-

LOCK NV ‘
. , i - tain dimensions. A valuable .
) -oF AD'S’UgTE':G feature of the pintle nozzle is
\ coLNENAEKCTolO; séclNG its.self-cleaning property, ,
which prevents carbon de-
FUEL =2 HOLDER posits from building up in
‘ NLET g .800Y - and around the orifigce?
SPINDLE As shown in figure 4. 5c ®
: 9{“ * and d; the hole-type nozzle
may have one spray orifice - '
FUEL puct or it may have several. The .,
,STEM 17| CAP NUT one with several orifices,
" VALVE \\: : & . called a fnulti-hole nozzle, ‘
. has round holes drilled” .
NOZZLE through the tip of the nozzle ' 3
. ( BODY .,  body below the valve seat.
) The spray from the single-
Figure 4.4. Bosch Fuel-Injection hole nozzle is relatively
Nozzle. dense and has a greater pen-

etration. The general spray
pattern of a multi-hole noz-
zle, which may or may not
be symmetrical, is deter-
mined by the number, size,
and arrangement of the holes.
Orifices used are from 0,006

L I iny

RN ] LopTLE NOZZLE  SINGLE HOLE MULTI=-HOLE 3 > s
O oreN o ot morze-ore  inch up to 0.0225 inch in
diameter, and their number
Figure 4, 5. Types of Closed may vary from three up to
. Nozzles. as many as 18 holes per noz- '

. zle for large-~bore engines.
Multi-hole nozzles are used generally in engines with an individual
- ¢combustion chamber.

Figure 4.4 shows a pintle nozzle assembled in a nozzle holder S
with the spring and connections for the fuel-pressure line and leakage
drain., The pressure necessary to open the needle valve may vary
/ from 1,500 psi to about 3,600 psi. " ; ' .

/ 4,6. UNIT INJECTOR

/ . The unit injector combines a pump and a fuel-spray nozzle in
one unit, as shown in figure 4.6. It is a jerk pump with ports con-
.trolled by helical-grooved edges in the plunger. The amount of fuel

is controlled by turning the plunger. Figure 4.6 shows an open ' L
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" has: several small orifices.

the plunger follower.

PO Y

nozzle with a spherical
check valve, "The spray tip

However, unit injectors are
also in existence which have
closed nozzles with hydrau-
lically operated differential
needle valves and multi~hole’
nozzle tips.

The pump plunger
receives its downward mo-
tion--the delivery stroke--
from a fuel cam through a_

rocker arm which acts on ‘
The LOWER PORT

e
- S

i
()
1

plunger is returned by the s CHECK VALVE
plunger spring. The fuel,

under a pressure of about ° VALVE SPRING [ SmiNG Cace
. 35 psi, is admitted through SHONG SEAT
* a small filter and fills the

annular supply chamber SPRAY TP nay

around the pump plunger

barrel, called a bushing. ‘

As the plunger moves down- Figure’4, 6. Unit Injection

ward, fuel is displaced into - - Assembly.

the supply chamber, at first i

through the lower port, and later) when the’ lower 'edge of(the fplungex
closes this port, through a central and a transverse port Or CROSS- . .
wise drilled holes in the plunger and the upper port. When the upper
helical edge has covered the uppef port, the fuel from the pump
plunger barrel is forced down into the nozzle body, opening the
spherical check valve, past the flat check valve, and into the spray
tip. From there it is forced through the orifices into the cylinder.
The fuel-mjectmn pressure is raised to approximately 20,000 psi as
the fuel passes through the nozzle. Injection continues until the
lower helix on the plunger uncovers the lower port in the plunger
barrel. The fuel then begins to bypass through the holes in the
plunger and through the lower port into the supply chamber. This
releases the pressure on the fuel in the plunger barrel, and the check
valve §pring causes the spherical check valve to seat. On the return
stroke, the upward movement of the plunger fills the plunger barrel
with fuel oil which flows from the supply chamber through the lower
port. The function of the flat check valve is only to close the inside
of the nozzle to keep combustion gases féom entering the injector.
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'-'L ’k‘a’@ "ﬁf **bf!e*?ha:pa,ctenstm{ features of 2 unit injector and is sometimes clas-

\

Turning of the plunger to change the effective length of the
stroke is accomplished by a gear and rack connected to the governor
or hand throttle. The middle part of the plunger has a hexagonal
cross section which slides through a corresponding hole in the gear,
thus forcing the plunger to turn with the gear. The effective stroke
is determined by the relative pos1t10ns of the helices and the upper
and lower ports.

The advantage of the unit-injector construction is in the
absence of long fuel lines which cause pressure waves and sometimes
mechanical troubles. However, one ?isadvantage lies in the high
pressures created. Such pressures fesult in faster wear of the spray
orifices and necessitates dismantling a considerable part of the valve
gear to take out one unit injector. Another disadvantage is the greater
chance of fuel leaks into the engine sump and dilution of the lubricat-

ing oil.

~

4.7, DISTRIBUTOR SYSTEM

Of the several distributor systems used in different makes of
engines, the only one in use at present in Army vessels is the - ]
C ins system., Although essentially a distributor system, it has n

sified as such. Iq’thzs system,,. £ue} under pressure ranging from
130 ps1 to 150 psi is supplied by a gear fransfer pump, 2as ishown in
figure 4.7, through an indexed rotating distributor, to a metering’i Tt cav s w4
plunger during its downward stroke. This plunger has a variable '
stroke, controlled by the governor, and receives its upward motmn ¢
from a multi-lobe cam and the downwardmotion bya spring. During the
upward stroke, this plunger sends the fuel-through other passages in
the same distributor to the individual injectors on each engine Q}l]lin-
der, The fuel enters at the top of the injector, as illustrated in

figure 4. 7, flows through an inlet passage past a spring-loaded check
valve, and fills the chamber under the injector plunger which, except
at the end of injection, is off its seat, The injector plunger is
operated by 2 cam through a rocker lever and link. As the fuel is
delivered from the distributor to the injector_during the suction ‘
stroke of the engine, the injector plunger is ‘gradually lifted and the
fuel fills the space in the cup under the plunger, At the tifne of in-
jection, the plunger is pushed downward and the fuel prevented by the
check valve from returning to the distributor js injected into the com-
bustion space. It is, finely atomized by being forced under 2 relatively ,

high pressure through six small holes, '0, 006.inch to 0,008 inch in .. v
diameter, depending upon the size of the engine, ) "

3
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Figure 4.7, Schematic of Cummins Distributor System.

o The advantage of this system is the absence of high pressure
lines and pressure waves, Its disadvantage is the relatively large
inertia of moving parts, making it not suitable for very high speeds.
Another disadvantage, more or less eliminated in the new type injec-
tor, is dilution of the lubricating oil in the engine crankcase because
of leaking of fuel oil past and up the injector plunger. .

4.9, SUMMARY

The diesel engine must have its fuel injected into its cylinder.
The fuel injector has to fulfill the following requirements: metering,
timing, rate of injection, atomization, and distribution. Fuel can be
injected into the cylinder by three different systems, depending upon
the type of engine--common-rail, jndividual-pump, or d1str1butor
system.

/\ ¢ The basic common-rail system cons1sts of 2 high pressure s
Er -‘«---.—»&_pump which dlscharges fuel into a common rail to which each fuel in-
jector is connected by tubing, A sprmg-loaded bypass valve on the
header maintains a constant pressure in the system, returning all
excess fuel to the fuel supply tank., The individual pump system is
designed to meet the demands of modern, high-speed engines, This
system has two essential parts to each cylinder: the injection pump
and the spray nozzle, The nozzles are either of the open or closed
“type: “The open type usually is a simple spray nozzle with a check
valve which prevents the high-pressure gases in the engine from (
passing to the pump. The closed type, the most commonly used, is
bas1cally a hydraulically operated, spring-loaded needle valve, The

K * R Fynie iAjector combines a fuél pump and spray nozzle in one unit or
" body. The distributor system is essentially the same as a2 unit
injector,
. /
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' - Chapter 5

GOVERNORS

5.1, INTRODUCTION

To control an engine means to keep it running at a desired
speed, either in accordance with or regardless of the changes in the
load carried by the engine. The degree of control required depends
upon the engine's performance characteristics and the type of load

which it drives.

In diesel enginels, a varying amount of fuel is mixed with a
constant amount of compressed air inside the cylinder. A full charge
of air enters the cylindér during each intake event. The amount of
fuel injected into the cylinders controls combustion and thus deter-
mines speed and power output of a diesel engine. A governor regu-
lates the flow of fuel, .

5.2. TYPES OF GOVERNORS

- Essent'iatliy a speed sensitive device, governors are designed
to maintain a reasonably constant engine speed regardless of load
variations. Since all governors used on diesel engines control engine
speed by regulating the quantity-of fuel delivered to the cylinders,
they may be classified as speed regulating governors. They may
also be classified according to the function or functions performed, .
the forces used in operation, and the means by which they adjust or
move the fuel control mechanism.

AP - >

. The function a goverhor must perform on a given engine is
determined by, the load on the engine and the degree of control re- .
quired, .Subparagraphs a through d classify governors according to
their use, 4 ‘

a. Constant speed govérnors maintain a constant engine "
speed Tegardless of load. '

”

*» b, Variable speed governors maintain any desired engine
speed between idle and maximum.

! ?

Y

ST | ) 60 7

Py




’
4 .

c. Speed limiting governors keep an engine from exceeding
a specified maximum speed and from dropping below a specified
minimum.

d. Load limiting governors limit the load*the engine will
handle at various speeds.

nl{
5.3. TERMS AND DEFINITIONS OF GOVERNORS

Before going into the operagion of governors, study the follow-
ing terms and their definitions so that you can better understand ma-
terial this chapter discusses,

, Hunting - -continuous fluctuation of the engine speed (slowing
down and speeding up) from the desired speed. Hunting is caused by
overcontrol by the governor,

Isochronous governing --maintaining the speed of the engine
truly constant, regardless of the load, This means governing with
perfect speed regulation or zero speed drop.

»
Promptness--speed of action of the governor. It identifies

the time interval required for the governor to move the fuel control

mechanism from a no-load position to a full-load position. Prompt-
ness depends upon the power of the governor; the greater the power,
the shorter the time required to overcome the resistance,

I

Sensitivity--change in speed required before the governor
will make a corrective movement of the fuel control mechanism and
is generally expressed as a percent Of the normal or average speed.

Speed drop--decrease in speed of the engine from a no-load
condition to a full-load condition. Speed drop is expressed in rpm,
or more commonly as a percent of normal or average speed.

Stability - -ability of the governor to maintain the desired
engine speed without fluctuations or hunting. .

»

5.4. OPERATING PRINCIPLES

In most of the governors installed on diesel engines used by
the Army, the centrifugal force of rotating weights (flyballs) and the
tension of a helical coil spring (or springs) are used in governor
operation, On this basis, these governors are generally referred to
as spring-loaded centrifugalgvernors.
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In spring-loaded centrifugal governors, two forces oppose
each other. One Qfjthese forces is the pressure of a spring {or ¥
springs) which may be varied either by an adjusting device or by
moving the manual throttle. The other force is produced by the en-
gine., Weights attached to the governor drive shaft are rotated and 2
centrifugal force is created when the shaft is driven by the engine. ‘
The riiagnitude of the centrifugal force varies directly with the speed J
of the engine. ' . }

|
<
|
|

Transmitted to the injectors through a connecting linkage,
the pressure of the spring tends to increase the amount of fuel de- -
livered to the cylinders. On the other hand, the centrifugal force of
the rotating weights, through connecting linkage, tends to reduce the
quahtity of fuel injected. When the two opposing forces are equal or
balanced, the speed of the engine remains constant.

To illustrate how the centrifugal governor works, assume that
an engine is operating under load and that the opposing forces in the
governor are balanced so that the engine speed is constant. If the
load is increased, the engine speed decreases and 4 resultant reduc- .
tion ih the centrifugal force of the flyballs will take place. The
spring pressure then becomes the greater force and it dcts on the
fuel control mechanism to increase the quantity of fuel-uelivered to
the engine. The increase in fuel results in an increase in engine
speed until balance of the forces is“dgain-reached.

When the load on an engine is reduced or removed, the engine
spegd increases and the centrifugal force within the governor in-
creases. The centrifugal force then becomes greater than the spring |,
pressure and acts on the. fuel control linkage to reduce the amount of |
fuel delivered to the cylinders. This causes the engine speed to de- ,
crease until a balance between the opposing forces is again reached
and engine speed becomes constant. ‘ .

5.5, REGULATION OF FUEL CONTROL MECHANISMS
|
Governors may be classified according to the method by which

. the fuel control mechanisms are regulated. In some governors, the

centrifugal force of the rotating weights regulates the fuel supply -

directly through a mechanical linkage which operates the fuel control

mechanism., Other governors are designed so that the e¢entrifugal

force of the rotating weights regulates the fuel supply indirectly by
_moving a hydraulic pilot valve which controls 011 pressure, Oil

pressure is then exerted on either side of a power piston which

operates the fuel control mx,chamsm. .
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Governors which regulate the fuel supply directly (through
mechanical linkage) are called mechanical governors; those which
control the fuel supply indirectly (though oil pressure), hydraulic
governors. Simple mechanical and hydraulic governors are shown

in figures 5.1 and 5.2,

SPRING
‘ ' FLYSALL
‘e S PULCRUN

FLYSALL ° o
POVER
PISTON
\ PASSAGE “A**
) 4 X N~} PILOT VALVE
PUEL ON
Ay A~ 4 }
I o Q 2} PUEL OFF 1 .
— PUEL OM 14
FULCRUN { [ t PASSAGE 8%
{ PUEL OFF
— ‘ 4
u
4 / E v P ) / PROM PUNP
7 - /

PULL PIPE FUEL PiPE

Simple Mechanical
Governor.

Figure 5,1, Figure 5.2.) Simple Hydraulic

Governor.

Note that in the illustration of the mechanical governor, the
weights (flyballs) are in an upright position, This indicates that the
centrifugal force of the weights and the pressure of the spring are
balanced; in other wordg, the engine is operating at constant load and
speed,

; . In the illustration of the hydraulic governor, the positions of
the parts indicate that the engfhe is responding to an increase in load
with a resultant decrease in engine speed. Note that the weights tilt
inward at the top. As engine speed decreases, the spring pressure
overcomes the centrifugal force of these rotating weights. When the
spring pressure is greater than the centrifugal force of the flyballs,
the governor mechanism permits oil under pressure to force the pis-
ton tg increase the fuel valve opening. The increased fuel supply
causes an increase in engine power output and speed. The governor
regulates the fuel supply so that sufficient power is d’;veloped to

) handle the ingrease in load. -

' There is always a lag between the moment that a change in
fuel settig is made and the time the engine reaches the new desired
speed, Even though the fuel controls are et as required during a
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speed change, hunting caused by overshooting will ‘occur, As long as
engine speed is above Qr ﬁelow the desired speed, the simple hydrau-
lic governor will continue to adjust (overcorrect) the fuel setting to ;
decrease or increase thy delivery of fuel, For this reason, 2 hydrau-
lic governor must include a mechanism which will discontinue chang-
ing the fuel control setting slightly before the new setting required
for sustaining the desired speed has actually been reached. The
mechanism which accomplishes this process in all modern hydrauiic
governors is called a compensating device, /
»

One type of compensating device is illustrated in figure 5. 3.
In the one illustrated, the pilot valve plunger operates in a movable
pilot valve bushing in which are located the ports controlling the oil
flow. The movement of the valve bushing duripg a speed change is
controlled by the receiving compensating plunger. The compensating
action of the valve bushing is controlled hydraulically by transfer and
by leakage of oil between the compensating receiving plunger and the
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Figure 5.3. Hydraulic Governor with Compensating Device.
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compensating actuating piston. The rate of compensation is adjusted
to fit the engine characteristics by regulating the oil leakage through
the compensating needle valve. If the compensating needle valves
are adjusted correctly, only a slight amount of hunting will occur
following a load change, This hunting will quickly be dampened out,
resulting in stable operation through the operating range of the

governor. .

Hydraulic governors are more sensitive than the mechanical
ones. The design of a hydraullc governor enables a comparatxvely
small governing unit to control the fuel mechanism of a large engine,
The mechanical governor is more commonly found on small engines
which do not require extremely close regulation of the fuel, Hydrau-
lic governors are more suitable for larger engines in which more
accurate regulation of fuel is necessary.

5.6. OVERSPEED SAFETY DEVICES

\ Engines maintained in proper operating condition seldom
reach speeds above those for which they are designed. However,
there may be times when conditions occur which may result in speeds
becoming excessively high, The operation of a diesel engine at ex-
cessive speeds is extremely dangerous because of the relatively
heavy construction of the engine's rotating parts. If the engine speed
is sufficiently high, the, inertia and centrifugal force developed may

cause parts -to bedome sermusly ‘damagéd or even to-fly.apart. e g s .

Therefor t.you know.why an engine may reach a

dangerously h1gh s.peed and how an engine may be brought under
control when excessive speed occurs,

- In some two-stroke-cycle engines, lubricating oil may leak
into the cylinders as a result of leaky blower seals or broken piping.
Even though the fuel is shut off, the engine may continue to gperate,
or even ''run away, ' as a result of the combustible material coming
from the uncontrolled source. Engines in which lubricating oil may
accumulate in the cylinders are generally equipped with an auto-
matically operated mechanism which suts off the intake air at the
iflet passage to the blower. If an air shutoff mechanism is not pro-
vided and shutting off the fuel will not stop an engine which is over-
speeding, anything which can be placed over the engine's intake to
stop airflow will stop the engine. WARNINGthe component placed
over the air intake must be large enough to overlap the air intake so '
it will not be drawn into the engine,

’

Excessive engineé speeds are more commonly associated with
an improperly functioning regulating governor rather than with
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lubricating oil a,bcumulations in the cylinders. Whereas stopping the
flow of intake ailr is used as a means of stopping an engine which is
overspeeding betause of lubricating oil in the cylinders, a means of
shutting off or decreasing the fuel-supply to the cylinders is ‘more
commonly used to accomplish an emergency shutdown or reduction of

engine speed when the regulating governor fails to function properly.

Shutting off the fuel supply to the cylinders of an engine may
be accomplished in various ways, The fuel control mechanism may
be forced to the 'mo fuel' position; the fuel line may be blocked by
closing a valve; the pressure in the fuel injection line may be relieved
by opening a valve; or the mechanical movement of the injection pump
may be prevented. These methods of shutting off fuel supply may be
accomplished by either manual qr automatic means.

Automatic operation of fuel and air control mechanisms is
accomplished by overspeed safety devices, As emergency controtls,
these safety devices operate only in the event that the regular speed
governor fails to maintain engine speed within the maximum design
limit. Devices which fur‘xction to bring an overspeeding engine to a
full stop by complfetely shutting off the fuel or air supply are generally
called overspeed trips. Devi¢es which function to reduce the exces-
sive speed of an engine, but allow the engine to aperate at safe
speeds, are more commonly called overspeed governors.

,

All overspeed governors and trips depend upon a springl-loaded
centrifugal g0vern6r element for their operation.” In overspeed de-
vices, the spring tension is sufficiently great to overbalance the ‘
centrifugal force of the weights until the engine speed rises above the
desired maximum? When an excessive speed is reached, the centri-
fugal force overcomes the spring tension and operates the mechanism

which stops or limits the fuel or air supply.

When a fovernor serves as the safety device, the actual opera-
tion of the f or air control mechanism by the centrifugal force ,
may be-accpmplished directly, asina mechanical governor, or in-

. R . . Pl -5 “
directly, as in a hydraulic governor. In an overspeed trip, the shut-
off control is operated by a power spring. The spring is placed under
tension when the trip is manually set and held in place by a latch.

If the maximum speed limit is exceeded, 2 spring loaded centrifugal
weight moves out and trips the latch, allowing &e«powér spring to
operate the shutoff mechanism. Overspeed safety devi?§ must

’

always be operdtive aind must never be disconnected for any reason .
while the engine is operating. ‘ ’
% ) 76 ,, -
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5.7. ' SUMMARY

»

To maintain a regulated speed in a diesel engine, regardless
of load, a governor must be installed. To maintain a constant speed
under any load, a constant speed governor is used., To maintain any
speed between idle and maximum speed, 2 variable governor is used,
A speed limiting governor is used to keep an engine from exceeding
a2 set maximum speed., A load limiting governor limits the load
which an engine wiil handle at various speeds, :

A governor may be classified according to the method by
which the fuel control mechanisms are regulated. The governor that
controls thé fuel by the centrifugal force of rotating weights through
a mechanical linkage is a mechanical governor. The hydraulic
governor is designed so that the centrifugal force of the rotating
weights regulates the fuel supply indirectly by moving a hydraulic
pilot valve,
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)
GLOSSARY

C A

-~

-~

Accelerate--to increase the speed of movement, such as increasing
the speed of a piston or flywheel.

, '
d

Air injection--system of injecting fuel into the combustion chamber
of a diesel engine by means of 2 blast of highly compreéssed air.

Alloy--combination of two or moere metals mixable with each other
when molten. ( ’

<

Annular--having a ring form.

Babbit--soft alloy of tin, copper, and antimc‘my used to line bearing
shells. -

Bearing--support for a revolving shaft or a moving surface.

v

i

Bed plate--lower part of the engine resting on the foundation.
Bore--interior diameter of an engine cylinder.

Bottom dead center (b.c.)--farthest distance a piston can travel in
a cy}inder from the cylinder head.

PR . ¢
\, [ &'( L RN 3
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Bushing--brass or bronze ITner for’ge"é'n?co% bbared hole to,provide

» . B ,
a better wearing surface or one that may be easily renewed
when worn. ‘

N .

-

Cam--piece attached to a shaft, a portion of which is.circular, the
remainder (the nose) protruding beyond this circle, Cams are
used to impart a desired motion to poppet valves.

Camshaft--shaft which carries the various cams required for the
operation of inlet, exhaust, fuel, and starting-air valves.
, " , . /

Cam follower--part of the push rod that is in contact with the cam.
C

Carbon steel--term applied to such steels that contain carbon alone .

as distinguished from other alloy steels. Lo !

2 '»
Casting - -metallic object formed by running molten meta] into 2 mold
of sand or plaster, which has previously been prepared from a

mold or pattern.

‘




Cast iron--metal produced in 2 blast furnace and useful because of
the ease with which it, can be melted and cast into a mold.
Centr:.fugal force-=-force actmg on all parts of a rotatmg body that

" tends to pull them away from the axis of I@atmn.

Check valve=~-valve.that permits the passage of a liquid or gas in one
direction. It stops, or checks, reverse flow.

.

Chromium--grayish w}ute metal, hard and brittle, and res1stant to
corrosion, , !

Combustion--rapid oxidation or combination of a combustible such
as carbon, hydrogen, or sulfur, with oxygen. '

Common rail--pipe or header from which branch lines lead to each
of the fuel valves in the different cylinder heads of a 'diesel en-
gine-and in which fuel is carried at high pressure, readyfor.

delivery to each separate cylinder when the fuel valve is opened ¢

by a cam. )

) M N

Compression--act or result of pressing a substance into a smaller
space. One of the events of an internal cornbus‘ioq-engine cycle.

Compression 1gn1t1on--1gn1t1on of a fuel charge by the heat of the air
in a cylinder, generdted by’ compre5§1on of a1r¢,~ a%'in thq diesel
engine. -’ -

Compression ratio--ratio of the volume of the charge in the engine
cylmder at the beginning of the compressmn stroke to that at the

end of the compression stroke. ’

noo
Compression rings--piston rings placed in the upper part of a piston
to seal against loss of compression pressure and against gas

blowixdg. ) .
! . i

- P ’ b i . - M 5 ;
Compre%sion stroke--stroke of the piston during which the air changé

in the cylinder is compressed by the piston movement.

.
¢

Concave--depressed or indented with curved lines.

4

" Connecting rod--engine part which connects the piston to the crank-
shaft, It changes reciprocating motion of the piston into rotary

motion of the crankshaftor vice versa. : .

r

i
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‘ C%nnectin&rod bearing--bearing located in the large end ®f the con-

necting rod by which it is attached to the crankshaft.

C'onstant-pre ssure combustion--combustibn of fuel in a cylinder at

Constant-volume combustion--combustion in a cylinder so fast that

there is no chang; in volume. ®
- )

‘Contraction--becoming smaller in size. In metals and fluids a re-

sult of cooling or a lowering of temperature.

*— + s - o — - - - - - - ,‘ T - - - - -
. [}
Convex-~a rounded outward surface,
» - »

Crank-~part of the crankshaft which is in the form of a crank and
crankpin.

Crankcase --middle part of the engine structure surrounding the
working parts.

Crankpin--part of the crank to which the connecting rod is attached.

Crankshaft--part of the engine which transmits the reciprocating
motion of the pistons to the driven umt in the form of rotary
motion,

Crankshaft cheek--part of the crankshaft that connects the crankpin
to the main crankshaft journal.

C

Crankshaft journal--part of the crankshaft which rotates in the main
bearings and transmits the torque developed by the engine. T~

s

CranksHaft web--crankshaft cheek. . ‘ )

Crosshead--part of an engine to which are attached the piston’pin
with the connectmg rod and the piston rod, and which is sup-
ported on guides.

Crown--top of a piston. »

.

Cycle--series of events that repeat themselves in a regular sequence.
s 3
Cylinder--cylindrical part of the engine in which the piston moves
and combustion takes place.

-

Cvlinder block--a number of cylinders cast in one piece.
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Cylinder head--part which covers and seals the end: of the cyll.rder
and usually contains the valves. .

Cylinder liner--cylindrical lining that is inserted into the cylinder
jacket or cylmder block in which the piston slides. v

Diesel eﬁ'gine—--compréssiéﬁ-igni’cion internal combustion engine first
developed by Rudolf Diesel.

Distributor--device which distributes and, directs the flow of fuel or
compressed air to the various cylinders of the engine in proper

sequence.

»

Eccentric--circle not having the same center as”another circle with-
in it,

Efficiency--ratio of output over input.

Elasticity--ability of an object to return to its original shape after it
. hasg been stretched. :

Energy--capacity for doing work.
A

Engine--machine which produces power to do work, particularly one
that converts heat into mechanical work.

. Exhaust—-act of d1schargmg\ses from an engine after they have

done work.

k4

Exhaust manifold--pipe that collects the burned gases as they are
expelled from the cylinders. .

Exhaust valve-~=-valve through'\;rhich the burned gases are allowed to
pass out to the exhaust manifold. ' 53;3

.

N

Feeler gauge~-shop tool for gauging or measuring the distance be- ‘
tween two abutting surfaces. - | o C

Fluctuation--variation in value, such’as of pressure or velocity.

>

Flﬂheel--wheel on the end of the crankshaft which gives the crank-
shaft momentum to carry the pistons through the compression -
stroke. :

Four-strokeﬂj@giné--engme operating ‘on a cycle which is completed
« in four strokes, or two revolutions of the crankshaft.

' -
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Friction--resistance to relative motion between two bodies in contact,

Fuel injector--device whick sprays the fuel intarthe cylinder.
R ‘ ‘ v ‘

Flyballs--weights in a cent¥ifugal g0veﬁor.

é’asi&et--packing placed between two surfaces that rhust have a leak-
proof joint,

«
~
- -+ - - .
" P »

Governor--mechanism used to control the speed of an ér;gine. .

Helix--a line cut on a cylindrical surface shaped like a screw thread.

. e
t

Hexagonal--having six sides.

Horizontal-~parallel to the horizon.

Hydraulics--science relating to liquids in motion and dealing with -

their useful application,
Inertia--tendency of a body to maintain its existing velocity, &

Injection--forcing fuel oil into the combustion chamber of a diesel
. engine by means of high pressure,

Injection pump--pump used to inject fuel oil into the combustion space.
of a diesel engine, :

N '

Inlet valve--valve through which air or the a1r-fuel m:.xture is ad- . ~ .
\mﬂ:ted to the cylifider of a four- stroke engme. .

Integral- -indivisible part of a whole, constituting a completed work,

Jerk pump--fuel pump which injects fuel into the cylinder by action .
of a cam having a sharp nose.

Journal--finished part of a shaft that rotates in a bearing,

-~ v - .
Key--square or rectangular piece of steel, straight or tapering from
one end to the other, used to secure a part on a shaft,
. . )
Keyway--machined slot in.a shaft or hub of a wheel to take a steel
key. . N

g

Kmetm energy--energy of a moving body because of its masgs and
Jveloc1ty

v J3
o
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Land--portion of the piston between two grooves carrying the piston
rings. . : \

-~ e e - > o -

Lanova cell--special combustion chamber, also called energy cell,’
for éngines of high rotary speeds.

'Lubricant--liquid or grease employed to separate two surfaces in
relative motion to each other, to reduce friction.

Manifold--pipe with a number of inlets to or outlets from the several
cylinders of an engine.
S :

S e . e e o m e -

»

Mechanical injection--injection with the fuel-valve operated mechani-

cally from a cam, - -

Needle valve--round steel rod with a conical or tapered point that
seats against an outlef and prevents fuel oil from entering the
engine cylinder except when it is lifted by a cam or oil pressure.

Nozzle --part of the injector or spray valve in which are located the
" holes through which the fuel is injected into the cylinder.

Oil-control rings--pistdn rings, usually located at the lower part of
the piston, that prevents an excessive amount of lubricating oil
a. s . . .

from being drawn up into the combustion space during the suction .
stroke. ' ) " |

-~

Qil grooves--passages cut in bearings for distributing the lubricating
oil. ' ’

Opposed-piston engine--engine that has two pistons within the same
‘cylinder traveling in opposite directions. .

7 ' '
Orifice--small round opening, usually refers to theghole in a spray
nozzle.

~

Plunger--long piston of a single-acting pump, such as a fuel-
injection pump. -

Poppet.valve--valve opene'd by the actioﬁ of a cam and closed by a
. 4 - X
Sprmg. L e IR Y 4o e P

Power--rate at which work is performed. )

'
-

-

Push rod-rrod that transmits the action of 2 cam-operated valve.
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Reciprocating--having a back-and-forth or up-:and-down linear mo-

tion, such as a piston.
—_—

- Relief valve--valve held closed by a spring and forced open when the

. .pressure.in the system _rises above the desired height.

Resistance--mechanically, a force opposing the motion of a body,
measured in pounds.

-

Ring grooves --grooves cut in the piston's external surface to hold
the piston ring. -

"Rocker arm--lever that transmits the action of the cam, usually by

means of push rod, to the stem of the intake or exhaust valve,
also to the air starting valve and fuel injector,

Scavenging --removing from the engine cylinder, by a stream of
slightly compressed air, the products of combustion of the pre-~

ceding cycle,

Oscillate--moving back and forth; vibrating, swinging lik'é\a pendu-
lum. ‘ n

Pintle--small extension of the needle-valve tip projecting through
the spray nozzle.’

Piston--cylindrical part which reciprocates in the cylinder bore of
an engine and transmits the force of the gas pressure through
the connecting rod to the crankshaft,

Piston head--top of the piston or that part of tfle piston against which
the gas pressure acts.

Piston pin--pin which rests in two bored holes in the piston and
passes through the eye of the connecting rod to join the two
together flexibly. ‘

7
v

Piston-pin bearing-~-bearing either in the eye of the connect#ing rod
or in the bored bosses of the piston, in which the piston pin rocks.

w »

” Pis{:on-piﬁ boss-~-part of the piston on the inside through which the

hole is made to take the piston pin.

Pispon ring--split ririg placm_n a groove of the piston to form a -
. leakproof joint between the piston and the cylinder wall.
\
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Piston skirt--part of the piston below the piston-ring grooves.

¢ . .
N

Piston stroke--movement of the piston from one end to the other of
® - the piston travel in the cylinder bore. //

-~ — - —Seal-=any device to prevent leakage of gas or liquid, oil oy water, o

*

Shaft--round bar of steel or other strong metal that is ysed to trans-
mit rotary action, N y
-~ * /
Shell--steel or bronze backing to which the babbit of a shaft bearing
is bonded.

Sludge - -tarlike formation in oil}esulting from the oxidation of a
portion of the oil.

Solid injection--rather misleading term applied to airless injection.

Speed droog--dii'fere'nce in speed between no-load and full-load
engine speed.

Spray valve--fuel injector.

ugerchargmg--supplymg of combustmn air to an engine at higher
than atmosphenc pressure. )

Tangential force-~-component of the force applied to the piston acting
at a right angle to the crank arm. ,

Tappet--part of the valve-actuating mechanism in contact with the
cam; the cam follower.

Thermal efficiency--percentage of the total chemical energy in the
fuel consumed that is converted into useful work.

‘Throw of crankshaft--distance between the center of the crankpins
_and the center of the journals of the crankshaft. It is equalto
half the stroke of the engine. .

B

Timing--angle made by the crank with its top or bottom dead= center

position at which some valve opens or clpses. -

Timing chain~-chain used to connect the crankshaft and camshaft by
which the camshaft is made to rotate, ' %

O . . ( 80
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Timing gears--gears keyed to the crankshaft and camshaft by which
the camshaft is made to rotate.

P

~ Tolerance--allowable variation in dimensions.

i o

T %7 fop dead center (t.c. J--position of the piston ~whesn it has completed  ———~
' its compression stroke.

Torque--effect which rotates or tends to rotate a body. Itis mea-
sured in foot-pounds or foot-inches. ’

-- ---Turbulence~--high-~velocity swirling of air, fuel vapor, or a mixture ., -
of both within the combustion chamber or cylinder. "

Two-stroke engi.ne--engine. operating on a cycle that is completed in
two strokes, or one revolution of the crankshaft.

Valve--in a combustion engine, an intake,or exhaust valve usually
consists of a disk with a stemn which is opened by a2 cam and

closed by a spring. .

Valve seat--part of the valve mechanism upon which the valve face
rests to close the port. 1

Valve spring--spring used to close a'valve,

Velocity--rate of motion or the speed of a2 body at any instant, mea-
sured in feet per minute (fpm) or revolutions per minute (rpm).

Wrist pin--piston pin. \j

~
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Cylinder, construction of
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Fue! injection .
" Fuel nozzles . .
Gold seal ring .

Grooves + + + .
Helix . L] L] . .

A

Hydraulic governor .

Individual-pump injector

Injection delay .
Intake valves. .
Jerk pump . .
Journal . . . .
ILands . « « .+ &

Lanova energy cell . .
Load limiting governor
yMechanical governor .
Mechanical injection

‘Oil ring + + . .

Opposed-piston engine

Pancake engine
Pintle . . o ‘e .
Piston

construction of

types of . .

' Piston boss . .
Piston crown. .
Pistonpin . . .
Piston rings . .
Piston rod . . .
Piston skirt . .
Poppet valves .
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i BASIC PRINCIPLES OF MARINE DIESEL ENGINES ' -

©

-
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A "

. As a marine engineer you must understand the operating principles of
diesel engines. The operating cycle of diesel engines can be divided into
two types: the four-stroke and two-stroke. All diesel engines operate on
one of these two cycles. The internal parts remain about the same be-
tween diesel engines. Since this is a basic course, the auxiliary compo-

~—' - nents of diesel engines are not covered; — -~ — — {

»

The purpose of this subcourse.is to acquaint you with the operating
cycles-and systems that make up a diesel engine., It consists of two lessons

and an examination, divided as follows: ,

Credit hours

[

z Lesson l, Diesel Engine Construction, Principles, -
and Structural Parts 2
2, Valve Gear, Fuel Injection, and
Governors - 2
Examination 1
2 5

Total
You are not limited as to the number of hours you jmay spend on the
solution of any lesson or the examination of this subcourse. For statistical

purposes you are requested to enter on the answer sheet the number of -

hours spent on the solutions,

Text and materials furnished: Reference Text 475, Basic Principles
of Marine Diesel Engines, July 1972, *

i When you have completed this subcounse, you keep the reference text
and all lesson assignment sheets; do not return them with your answer

sheets. . Q::}

LESSON 1l . . +« « « o+ o « « « +» Diesel Engine Construction, Princi-
ples, and Structural Parts.

CREDITHOURS . + + « « « « o 2.

TEXT ASSIGNMENT . . . . « & Ré_ference Text 475, pars., 1.1-2.13.-
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T MATERIALS REQUIRED "7 o777 Neme, —/ "7 77777777

LESSON OBJECTIVE . . . . . . To-enable you to identify the various
types of diesel engines and their vari- .

_ ous parts and-describe the1r operating ) .
. ' : prmc1p1es.

SUGGESTIONS .+ + v +... None.

v

EXERCISES

Detach the consolidated answer sheet and enter your solutions in the
space provided for this lesson. Retain the answer sheet to use with suc-

ceeding lessons. . . - C. - -
Weight : ) True-False

,

Id

. (Mark "X'" ynder A ‘for true or under B for false,) ,
3 .

-3 i, Wet liners have their own permanently shrunk-on jacket
around the outside for the circulating cooling water.

RN

-3 2. "I.mproved combustion can be obtained by creat‘ing air turbu-
lences in the cylinder. - -
) ] i ) T e e e N
3 3. Ina two-strokg/a engine the cylinder delivers one power stroke

for every revolution of the crankshaft,

-

3 4, 1Itis difficult/'to make a rigid crankshaft for an in-line engine
" of over eight/cylinders. , <
3 5. The advantjge of uniflow scavengmg is that- exhaust gases and

scavenge air flow in opposite d1rect1ons.

o

3- 6. During the intake stfoke of a four-stroke diesel engine, the
piston creates a.vacuum in the cylinder.

3 7. Babbit is:\made of soft steel and carbon, -

| 3 8, Gold seal rings have a very small ring of g&ld bonded on their

| outer surface to provide a,good seal between the ring and the
scylinder wall.

3 ~9, In diesel engines the fuel is sprayed into the cyliﬁder when y
the piston is at top dead center. :

-




The diameter of the piston-at the boss is shghtly larger than
the rest of the pigton. ..

.

- - i m e w smm v m wa e s e o w s e e C e e aa mmm e o oaa w A edn

The p1ston crowns ‘of most marine diesel engines are concave
in shape. .

Matching . 9
Match the terms in column II with the definitions in column I
by marking "X" id the appropriate space on the answer sheet,

Items in column II may be used once, more than once, or mot -
at all,

N
=~ #* <o

Columnl Column II
Transmits reciprocating motion Main journal bearing,
of the piston to the crankshaft.
" Cylinder head.
Point of support and center of
rotation for .the crankshaft. ) Land,

I3

Portion of a piston between two Connecting rod.
grooves., ‘

: Z{‘he stationary part that seals
one end of the combustion space.
' 5

* Multiple Choice

+

. (Each question in this group contains one and only one correct
answer. Make your choice by marking "X'" in roper
space on the answer sheet,)

To help reduce the amount of air not reached by the fuel
particles, what is needed?

A. Supercharging,
. Scavenging.
. Turbulence.
. Compression.

’




17

18,

19,

20,

Forcing air into the cylinder is known as:

-

A, Turbulence. . Y
B. Compression.

C. Vacuum.

D. Supercharging.

" The time lag requiring an advance of the fuel injection several
crank-angle degrees before top dead center is called:,

A, Valve lag,

B, Ignition delay.

C. Combustion delay. .
D. Compression lag, .

The point on a crankshaft that serves as a point of support
and center of rotation is known as a:

A, Crankthréw.

B. Crankcheek,
C. Main bearing journal.
D, Crankpin. .

The part that links the piston with the crankshaft is the:

A, . Crankpin,

. Pushrod.

. Connecting rod.
. Crosshead guide.

Dow

The inside diameter of the cylinder liner is known as the:

A, Crown, .

B. Stroke,
C. Liner.
D, Bore.

(]

To obtain efficient, smokeless combustion, two operations
‘are necessary, atomization of the fuel and:

. Supercharging.
. TurBulence. N
. Scavenging;
Injection lag. ' .

bowp

.




Weight
5 23,
5 24,
5 (25.
5 .26.

Only double-acting diesels require a:

A, - Crosshead., . _ _ . _ .-

B. Babbit. T T Ty e T
C. Spray nozzle.

D. Connecting'rod.

The concave shape of a piston crown helps create:

A. Supercharging.

B. Atomization,

C. Turbulence,

D. Compression,

Gold seal rings have inserts,
A, Gold,

B, Bronze.

C. Babbit.
D. Gray castiron,:

In a four-stroke diesel engine the air charge is compressed
in which of the four-stroke cycle?

. First, oY
Second, o
Third.

Fourth., J

vowd

.
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LESSON ASSIGNMENT SHEET

TRANS SUBCOURSE 475. Basic Principles of Mearine Diesel
Engines.

LESSON 2 . . . . . . . Valve Gear, Fuel Injection, and
Governors.

CREDIT HOURS, . . . . T2,
TEXT ASSIGNMENT . . . .. . Reference Text 475, pars. 3.1-5.7.

MATERIALS REQUIRED None,

4

LESSON OBJECTIVE . . To enable you-to identify the various
" types of valve gear, fuel injection
" systems, and governors associated
with marine diesel engines.

SUGGESTIONS . . « . . . N None.
. L ]

EXERCISES

Enter your solutions on the consolidated answer sheet in the space
provided for this lesson. Mail the answer sheet in the addressed envelope

provided.

Weight - , True-False

(Mark "X'" under A for true or under B for false.)

On the distributor fuel m;ectmn sys{em the fuel pressure can
range from 90 psi to 120 psi.

A governor that maintains any desired engine speed between
idle and maximum i® called variable.

Spring-loaded centrifugal governors have two opposing forces.

-

Automatic valve-lash adjusters avoid the necess1ty of a clear-
ance between the cam and the follower.

b

A bridge is used to open and close a single valve.




3 6. The compressibility-of the fuel and the mechanical flexibility
in a jerk pump retards the actual start of injection.

12

37 7. As the speed of an engme deCreases, the spring pressure of
the hydraulic governor overcomes the centrifugal force of the

&

rotating weights.

. | 3 8. ’Mechanical governors are more sei'xsi:tive than hydraulic ones,
3 9. Valve sprih;s op,.en the valves in diesel e‘pgi‘:nes‘. . .
' 3 10. When the seat is worn in a valve cage’, the entzre cage must
i be replaced o - =
, 3 11, Valves in d1esel‘:e°n;gine§ are mp.shrool’n s‘hape’d. '

-

. Matching

-

Match tlrle terms in column II with the definitions in column I
by marking "X" in the appropriate space on the answer sheet;
Items in column I may be used once, more than once, or.not

at all,

Column I’ o ' © .
3 12, = Rotating weights of a governor. A
3 13, Located between the cam and push © B,

rod mechamsm of a common-rail

fuel m_}ectmn system. C.
3 14, Lower end in contact with the cam - D,

through a follower. . - ;

3 15, Partiof the valve-actuating mecha- .
o nism in contact with.the cam.

Multiple Choice

Column I

.WMge.

Tappet.
Flyballs.

Push rod;

3§

(Each question in this group contains one and only one cor“ec?:
answer. Make your choice by markmg "X'" in the proper

space on-the answer sheet.)




LS
5
7
5
L.
5
A ] .5

DQuwy

L]

The speed of actiop of a governor is called:

-

A. Sensitivity. ..
B. Speed drop.
C. Stability.
D. Promptness,
mechanical valve-lash adjuster is incorporated in the:
. Valvé bridge, , .
. Push rod. ]
. Camshaft,
. Valve stem.
. »
In g.ox}ernors the amount of centrifugal force produced
depends upon the engine's: .
A, Weight,
B. Cylinders.
C. Speed.
D.

Temperature,

The eccentric projection on a revolving disk that controls the"
operation of a valve in a diesel engine is a:
[}

’

A, Crankthrow. . ‘ )

B. Cam, - .
‘ C. Gear, ) ’ ) ‘

D. Needle valve,

When'fuel is injected too late in the cycle, all the fuel is not
burned until the piston is way into the stroke,

A, Intake, .

B. Power,

C. Compression. .

D, Exhaust, ‘ o .

In the common-rail s;ystem, fuel is delivered from the fuel
pump to the: n i

A, Cylinder.

B. Injector. , '
C. Header, N

D. Filter. 10,

»




23,

24,

25,

26.

A,
B.
c.
D

Bridges.

"Spring racks.

Spring seats.
Arms,

An intake valve is usually made of:
. .
A. Castiron. t
B. Nickel steel.
C. Aluminum.
D. Bronze.
To keep a hydraulic governor from hunting, a
is installed.
TAL Compensating dev1c¢.
Bii Needle valve.
€.: Pressure regulating valve.
{,r’D i Wedge.
: Govemung w’xth perfect speed regulation is
\gover\hxng
A. Senlsitive,
B. Speed droop.
C. Hydraulic.
D. Isochronous. 7
Mea:suring fuel for any given throttle setting is:
A, Metering. . .
B. Atomization, .
C. Governing. ‘
D. Fuel injection, . . .
Valve springs are mounted between supports called:

720772
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Basic Principles of Marine Diesel o
Engines. ' ‘

‘

TRANS S'CBURSE 475. . .

CREDITHOURS . . . . . . L

TEXT ASSIGNMENT - . ./. . . ~Allprevious assignments.

MATERIALS REQUIRED « « « None.
SUGGESTIONS

/ .
Before starting this examination, fill out the information required on

the answer sheet. Please complete the attached student's comment sheet
and return it with your answer sheet.

EXERCISES

MULTIPLE CHOICE: Read each statement carefully and select the appro-
priate solution. On the answer sheet, mark ""X'" in the space under the
letter that corresponds to the solution you have chosen. One and only one
answer is correct; if you mark more than one choice, the entire point
value for the question will be deducted, -

EXAMPLE; 1. Which of the following\is an example of labeled cargo"?

A, First-class mail, ,

B. Pilferable PX suppliep. .
C. Explosives. )

D

Perishable foods.

Since 'C'" is correct, the answer sheet should be marked: ‘

A°B C D

L. () () X) ()




‘A diesel engine, in-line, having six cylinders would have how many
. L .

cranks or throws?

A.
B.
C.
D.

The two components that make a mechanical governor function are

3‘

6. ‘
4. o

‘.

centrifugal force and .

The

A.
B.
C.
D.

Hydraulic fluid.
Spring tension.
Flyballs.
Wedges.

disadvantage of a two-stroke diesel engine is:

High rate of fuel consumptijon.
Heavy vibrations. ‘

" Large amount'of small working parts.
- High operating temperature.

| ‘ 1S
edge of the face of an oil control ring is often

.provide a scraping edge.

Ny

Undercut. .

Rounded, ™ -

Sharpened.

Hollowed. .

Valve seat inserts are more commonly used with

valves.

A. Air, )
B. Exhaust.

C. Intake.

D. Fuel injection.

A.llow)'.ng the air charge to enter the cylihder under pressure is called:

A,
B.
C.
D.

Scavenging.
Turbulence.
Supercharging.
Uniflow.

to




- |

- , |

- 7.  The unit injector combines a-pump and — - - — in the same 7{ -
body. ‘

A. Spray nozzle, . .

B. J'Wedge. - -

C. Header, .
P D. Needle valve, '

8. The pressure of the fuel is 20, 000 ps1 as it passes through the nozzle
" of which mJectlon system? . :

A, Distributor, v
.B. Common-rail, . -
C. Jerk-pump.
D. Unit injector.

9. A bridge has special cams in contact with the:

A. Valve stems, ‘ -
B. Push r{d. ‘ '
C. Cam follower,

D

Rocker arm.,

A

10. To provide a sufficient cross-sectional area for heat flow, the piston
crown is often:

A, Made of a different metal,

B. Made smaller. ‘
- C. Made thicker than necessary,

D. Hollow.

1)
.

11, The degree of control.an engine meeds-dépends upon its performance
characteristics and:

A, Weight.

Bs Fuel consumption.
C. Speed.

D. Load.

’

Ny %
.

12, The closed spray nozzle is operat;ad. o A

A. Mechanically. . ‘
B. . Push rod. . ’

C. Hydréulically.
D. Valve.




13,

14,

15,

16,

17.

18.

A, Cylinder block., = ' . . .
B. Tie bolt. '
C. O0Oil pan,
D, Oil sump.
In opposed-piston.engines all parts are easily accessible except the:
A, Lower crankshaft.
B. Camshaft.
C. Fuel header. . : . ; * o v
D.- Oil pan. : '

. Four-stroké diesel engines have at least ) " . cams for
each cylinder.
A, 2. _
Bo’ 3. ' R >

[y Co 43 )
D. 5. ‘

~ -

To.increase strength and minimize wear crankshafts are:
A, Chrome plated.
B. Finely ground. I 4 , . )
C. Nitride treated. N . el p

. D, Cast, .
To increase the turbuylence some cylinder h:aads have: .
A, Air valves. - ) ' .

. B, Energy cells. o

C. Two nozzles., -~
D. I;Ieedle valves.
When a supercliarger is,xapplied to a four-stroke diesel engine, the

The crankcase is often integral with the:

timing is advanced.
4
. A
Piston. .
.Intake~valve.
Injector. '
Exhéust-valve.

bowp:

97




BRI

Aruitoxt provided by Eic:

19,
A.
) B.
N ’ ’ <.’ Co
D'

20,
A.
. B.
C.
D.

,Piston. )
Cylinder liner.
Crown,

“ Land,

" Cast-iron.
Bronze,
Hardened steel.
Aluminum.

b

P

Piston pms are maJe« of : ,

,u

hd T e

N
:

During the power stroke the gases force the rmgs d.own agamst fhe'

-




CORRESPONDENCE COURSE OF THE . /@/
U. S. ARMY TRANSPORTATION SCHOOL

I

) SOLUTIONS
' . TRANS SUBCOURSE 475. . . . . Basic Principles of Marine Diesel
ot : i Engines

'(All refergpnces are to Referonce Text 475.)

L4

, LESSON 1
‘ Weight Exercise . Weight Exercise

3 1, B, false, (par, 2.4c) 3 14, C. (par. 2.9)

- 3 2, A, true, (par. 1.18) 3 15, B. (par. 1’.3)
3 3, A, true. (par. l.16) 5 16. C. (par. 1,18)
3 4, A, true, (par. 1,10b(2)) 5 17. D. (par. 1.19)

3 5. B, false, (par. 1,17) 5 18, 4 P(par. 1.21)

3 6. A, true, (par. 1.13) 5 19. C. (par. 2.8) .
» - - \,{ , /.,_,,
3 7. B, false. (par. 2.5) 5 20.-. C. (par. 2.12)

3 8. B, false, (par. 2.10) ~'5 21, D. (par. 1.3)

3 9. B, false, (par. 1.,13) 5 22, B, (par. 1.18)

3 10. B, false. (par. 2.9) 5 23, A. (par. 2.5) ’
3 11, A, true, (l;ar."2.9) | 5 24, C. (par. 2.9)
3 12, D. (par. 1.5) 5 25, B, (par. 2.10)
3 13;' A, (par. 2.8) 5 26, B. (par. 1 13) v

———— .. © e amam R - [P —

+

All concerned will be careful that neither this solution nor information concerning the same comes into the
possession of students or progpective students who have not completed the work o which it pertains. -

’ : .1 . JULY 1972 -
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LESSON 2

Weight Exercise Weight‘ Exercise

B, false. (par. 4.7) * 3 14, D. (par. 3.4)

, true. (par. 5.2Db) 3 15, B. (par. 3.3)

A
A, true. (par. 5.4) 16. . (par. 5.3)
A

| true. (par. 3.7a) 17. A. (par. 3.'7b)
false. (par. 3.4). . 18, (par.
A, true. (par. 4.4b) 19, B.- (par. 3.2)
£, true. (par. .5.5) 20. (par. 4.2b)
B, false, (par. 5.5) 21, . (par. 4,3)
B,~false. .(par‘. 3,.6) 22, (par. 3.5)
B, false, (par. 3.5) 23. . (par. 5.5)

A, true, (par. 3.5) 24, (par. 5.3)

C. (par. 5.4) 25. A. (par. 4.2a)

e

A, (par. 4.3) 26, (par. 3.6)

7207+72




