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PART ONE
INTRODUCTION

CHAPTER 1
GENERAL -

1. Purpose

This manual is published to disseminate basic descriptive information

“in the field, and in service and troop schools, to teach what the automotive

vehicle is and how it works. It also contains information which makes
the publication a convenient reference manual.

2. Scope

a. SuBJECT MATTER AND PReESENTATION. This text explains the auto-
motive vehicle in general. The explanations avoid reference to any spe-
cific vehicle or unit wherever possible. Since existing publications cover
operation and maintenance of vehicles, these subjects have been omitted.
The flow of power is traced from its development in the engine to its
final outlet at the wheels,, the units being discussed in the order in
which they contribute to the power flow. For this reason, the ignition
system is treated separately from the rest of the electrical system.
Diesel and gasoline engines, except for their fuel systems, are explained
together, as are radial and in-line engines. After the flow of power is
traced to the wheels, those chassis components, sometimes referred to as
running gear, i.e., steering system, brakes, wheels and tracks and frames
are explained; then hulls and bodies; and finally such miscellaneous
items as special equipment and trailers.

b. EmpruAsis. Wheel vehicles have been emphasized for two reasons:
first, tracklaying vehicles, in the main, employ in special adaptation the
same fundamental principles of wheeled vehicles; secondly, instruction
will be facilitated by the reference to wheeled vehicles because the parts
are more accessible and more easily seen by the student than on track-
laying vehicles. Again to aid instruction, an attempt has been made to



correlate the military vehicle with commercxal vehicles that may be
familiar to the student.

3. Characteristics of Military Vehicles

a. TErRMINOLOGY. For a better understanding of the general sections
to follow and of other references, the following terms are defined. Terms
pertaining to the mechanics of the automotive vehicle are defined in
the appropriate portion of the text.

(1) Allawheel drive. A drive in which all wheels receive power for
propelling the vehicles.

(2) Angle of approach. The angle of the maximum grade that a
vehicle can approach on the horizontal and start to climb with no part,
except tires, coming into contact with the incline.

(3) Angle of departure. The angle of the maximum grade from which
a vehicle can depart on the horizontal without any part, tires excepted,
coming in contact with the grade.

(4) Armor. Armor is any type of enclosing structure used for the
protection of military vehicles from gun fire.

(5) Convertible. A vehicle designed to be operated either as a track
‘vehicle or as a wheeled vehicle.

(6) Cross country. Away from surface and improved roads. Over
virgin terrain, dry and uneven, sand, rocks, hills, through water and/or
swamp land.

(7) Cruising range. The total mileage a vehicle can operate on the
contents of its fuel tanks or a filling of oil.

(8) Drawbar pull. The pull exerted at the pintle.

(9) Flotation. The amount of load carried by each square inch of
projected contact area of the vehicle’s tires or tracks. At zero penetra-
tion the flotation unit pressure for a wheeled vehicle is the same as the
air pressure in the tires.

(10) Fordability. Expressed in inches of water that a vehicle can
go through under its own power.

(11) Grade ability. The maximum grade that a fully loaded and
equipped vehicle can climb at constant speed on a smooth concrete
course when operating in a specified gear range.

(12) Ground clearance. The distance between level ground and the
lowest point on the undercarriage of the vehicle.

(13) Military characteristics. The basic service requirements of a
vehicle.

(14) Payload. The cargo carried by the truck or trailer.

(15) Passenger capacity. The passenger capacity is the number of
passengers, including operating personnel, that a vehicle is designed to
carry.

(16) Stowage. Equipment stowed with the vehicle.

(17) Tractive factor. The proportion of engine torque per pound



of vehicle weight that is available at the tire surface for moving the
vehicle. '

(18) Twrning radixs. The radius of the arc described by the center
of the track made by the outside front wheel of a vehicle when making
its shortest turn (S.A.E. definition).

(19) Vehicle gross weight. This value includes the weight of the
chassis, cab body, cargo (payload), and unless otherwise specified, the
operating personnel.

b. TraNsPorT VEHICLES. Military transport vehicles are primarily
commercial vehicles that have been modified to fulfill military needs.
In some instances, the commercial product is used without modification.
The dominant requirements of military transport vehicles over and above
those demanded of similar commercial trucks are:

(1) All-wheel drive for maximum mobility.

(2) Constant velocity type universal joints at the outer ends of the
front driving axles to provide maximum steering angle and better maneu-
verability over rough terrain without dangerous reactions being trans-
mitted through the steering gear.

(3) Combat tires to eliminate emergency breakdown during operations
due to tire punctures.

(4) Sturdy radiator and head lamp guards as protection from branches
and brush in blackout operations in the field. '

(5) Sturdy front and rear bumpers as protection against collision
during blackout convoys (training and actual combat operations) and
as an aid in assisting mired vehicles.

(6) Towing hooks and pintles for towing nonpowered vehicles and
being towed.

(7) Front axle declutching unit for relieving tires and driving
mechanism while operating on surfaced roads.

(8) Maximum angles of approach and departure to facilitate vehicle
operation over uneven and rough virgin terrain.

(9) Deep fordability to enable vehicles to cross streams under their
own power.

(10) Equal performance ability of all types and sizes of vehicles in
order to realize maximum movement of convoys in a prescribed time
period.

(11) Maximum ground clearance consistent with road stability to
permit operation over virgin terrain and through marsh and mud.

(12) Clearance between the engine oil pan and the front propeller
shaft sufficient to prevent contact under all conditions of operation.

(13) Flexible type of unit assembling mounting, particularly engine
transmission and transfer case. Preferred type for power train unit
is three-point suspension with circular trunnion as one support.

(14) Sloping engine hoods for close clear vision of roads and combat
light during blackout driving either singly or in convoy.



(15) Combat lights, front and rear, for blackout driving.

(16) Scavenging oil circulating pump connecied to the front and
rear of the oil pan to return oil to the main oil pump where it can be
circulated by the oil pump during steep slope operation.

(17) Auxiliary fuel filters. Necessary to eliminate water and sedi-
ment from fuel before it reaches the fuel pump. Accumulation of dirt
and moisture is increased in military service because of the absence of
protection from the elements during field fueling operations.

(18) Radio frequency interference suppression. Required to eliminate
interference with military radio communication and informing enemy
listening posts of vehicular movements.

(19) Crankcase ventilation. To reduce corrosion of reciprocating
parts and maintain stable lubrication by removing fuel light ends and
moisture of condensation from the crankcase.

(20) Arcticizing equipment. To provide easy starting of engines in
subzero temperatures by heaters and insulating covers to batteries and
engine compartment.

(21) Desertizing equipment. This equipment consists of large section,
low inflation tires; auxiliary radiator tank to store main radiator over-
flow; pressure-type radiator cap to prevent coolant loss by evaporation
and overflow loss when traveling down steep grades; fuel tank filler
pressure caps to assist flow of fuel under vapor lock tendencies.

(22) Wheels. Demountable at the hub to permit quick changes with-
out disturbing the wheel bearings, and in addition, to enable front wheels
to be assembled in duals when required.

(23) Full-floating type axles. To insure against loss of wheels in
the event of broken axle shafts.

c. ComBar VEHICLES. (1) So far as automotive design principles
are concerned, it is to be noted that combat vehicles are in all respects
subject to the eame limitations as those of a more conventional type.
In addition, designs must be such as to permit successful operation with
one or more of the following features present: _

(a) Power plant and power train fully enclosed by armor.

(b) Engine located at rear of vehicle.

(¢) Mobility in temperatures from—40° F to 125° F.

(d) Operation in mud and under extreme dusty conditions.

(2) Tanks and armored cars are usually built on a hull fabricated
of armor plate. Scout cars are usually of conventional basic design
with armored bodies.

(3) Performance will generally include:

(a) 60 percent grade ability.

(b) Maximum drawbar pull at least 80 percent of gross weight.

(¢) High gear drawbar pull at least 8 percent of gross weight.

(d) Minimum speed 3 miles per hour or less.



(4) In addition to satisfying the military need for which the combat
vehicle may have been designed, crew comfort and safety must be pro-
vided by:

(a) Adequate ventilation.

(b) Padding of interior surfaces.

(c) Careful attention to seating.

(d) Adequate design of drivers’ turret and escape hatches and locks
for same.

(e) A fire extinguisher installation adequate as to coverage and con-
trols.

(f) Avoidance of overly restricted interior dimensions.

4. History of Military Vehicles

In 1912, four commercial trucks were purchased by the U. S. Army
for experimental purposes. Thus, motor vehicles were introduced as a
means of transporting military personnel, supplies, and equipment. By
1916, when the Punitive Expedition was sent against the Mexican bandits,
interest had been stimulated to the point that a fleet of trucks, absolutely
unstandardized and of many different makes, was assembled at the
Mexican Border and used in the campaign. It was discovered then that
commercial transportation did not meet military requirements on opera-
tions over rough terrain and in the vital requirements of maintenance
and repair. This discovery prompted the initiation of standardized de
signs of operating equipment and various modifications to meet military
requirements. As a result, the thousands of vehicles used in World War
I were to a great extent standardized and possessed a moderate degree of
interchangeability. The slow, strangulating trench warfare of that war
cause the development.of an automotive vehicle used solely for combat
purposes. As such, the tank was introduced by the British in France
in 1916; subsequent American tanks were for the most part copies of
British models. In the period between the two World Wars, American
design and experimentation were carried on to develop a fleet of military -
wheeled vehicles that were entirely standardized and had a high degree
of interchangeability. Under the program industry began to produce
vehicles with both front and rear wheel drive. This was a feature that
was required of a military vehicle for successful operation over any
terrain, and found only in special commercial equipment. After German
tanks and combat vehicles proved so tragically successful against the
Polish, French, and British armies in 1939 and 1940, American tank
development was necessarily accelerated. In the race to develop superior
combat vehicles, the United States equalled and, in some instances, sur-
passed the Axis powers; in the race of production, the United States
was eminently successful and was able to send overwhelming quantities
of automotive materiel against the enemy to help bring about his defeat.



CHAPTER 2
ORGANIZATION OF THE MANUAL

5. Major Components

There are many different ways to group vehicle units and assemblies.
The method employed in this text has been chosen because it more readily
lends itself to a logical and simplified development of the material to be’
presented. In this grouping there are five major components:

a. Power PLANT. The power plant consists of the engine, whether
Diesel or gasoline, and attached fuel, ignition, cooling, and lubricating
systems.

b. Power TrRaNsMisstoN SysteM. This system includes all mecha-
nisms by which power is transmitted from the engine to the wheels. These
mechanisms are the clutch, transmission, transfer assembly, propeller
shafts, universal joints, final drive assembly, differential, and drive axles.

¢. ELecTricAL SysTEM. The electrical system includes electrical at-
tachments other than those in the ignition system, such as the battery
and the generating, starting, and lighting systems.

d. Cuassis. The units in this component are the frames, brakes,
wheels, tires, tracks, suspension system, and steering system.

e. Bopy. The cargo—or personnel-carrying portion of the vehicle;
it includes hulls and bodies.

6. Classification of Vehicles

6. GENERAL. The term vehicle as used in the Army includes all
wheeled, tracklaying, and combined wheeled and tracklaying vehicles with
chassis powered by a self-contained power unit, and trailers and semi-
trailers towed by vehicles and bicycles.

b. CLassIFICATION OF VEHICLES AccorpING To AR 850-15. (1)
General purpose wehicles “are wheeled vehicles designed to be used
interchangeably for movement of personnel, supplies, ammunition or
equipment, or towing of guns, trailers, or semitrailers, and which are
used without modification to body or chassis to satisfy general automotive
needs.” The 2%%-ton cargo truck, 6 x 6, is a general purpose vehicle, for it
is used as a general transport vehicle and has a standard, unmodified
chassis.

IS



(2) Special equipment vehicles “are vehicles the chassis of which are
identical, except for minor alterations, to those used in general purpose
vehicles, but which have a special body or special equipment mounted
thereon.” The ordnance shop truck (ordnance maintenance truck, 274-
ton, 6 x 6) is in this class because a special body to house the shop has
been mounted on the chassis of a general purpose 2%5-ton, 6 x 6.

(3) Stecial purpose vehicles “are vehicles, the chassis and body of
which are designed or adapted for special purposes, and differ from
those of general purpose or special equipment vehicles.” Because it has
been especially designed for use on any terrain and is not an adaptation
of any other vehicle, the half-track is classed as a special purpose vehicle.

(4) .Combat vehicles “are vehicles with or without armor and/or
armament, which are designed for specific fighting functions. Armor
protection or armament mounted as supplemental equipment on general
purpose special equipment, or special purpose .vehicles will not change
the classification of such vehicles to combat vehicles.” The tank, of
course, is the best example of a combat vehicle. That its purpose is
solely for combat is reflected in its design and construction; both of
which are different from those of any other vehicle.

¢. CLASSIFICATION BY GROUND CoNTACT. Under these general classi-
fications vehicles may be further subclassified into wheeled, tracklaying,
and half-track vehicles. Wheeled vehicles may be classified by the
number of wheels and the number of driving wheels. This is found in
the vehicular designation as 4 x 2— 4 wheels, 2 driving—or 6 x 6—6
wheels, all driving. It should be noted that all 6-wheel vehicles have
three axles—that is, wheels are considered a unit whether they are single,
one tire, or dual, two tires. Tracklaying vehicles are so called because
the tracks serve the purpose of providing a supporting platform of
relatively large area under the bogie wheels of the vehicles, with rails
or other guiding elements on the upper side. Half-track vehicles include
all in which a portion of the vehicle weight is carried on wheels at the
front, capable of being steered, the rear portion of the vehicle being
carried on tracks.



PART TWO
ENGINES

CHAPTER 3
CHARACTERISTICS OF ENGINES

Section |. PRINCIPLES OF OPERATION

7. Definition of an Engine

An engine is defined simply as a machine that converts heat energy
to mechanical energy. To fulfill this purpose, the engine may take any
one of several forms.

a. INTERNAL CoMBUSTION AND EXTERNAL CoMBUSTION. Automotive
engines, whether Diesel or gasoline; air-cooled or liquid-cooled ; in-line,
V-type, or radial; two-stroke cycle or four-stroke cycle, obtain heat
energy from the burning of a fuel inside the confined space of a
cylinder. Because burning takes place within the same cylinder that

RA PD 354298
Figure 1. Comparison of External Combustion and Internal Combustion Engines.



produces energy to turn the crankshaft, engines of this type are referred
to as internal combustion engines (fig. 1). The steam engine is a
common example of an external combustion engine. Fuel is burned out-
side the cylinder, and water is changed into steam which is directed into
the cylinder to produce power. This text will be concerned only with
internal combustion engines, and when the word “engine” is used it will
be understood to refer to the internal combustion engine. )
b. Heat ENErGY AND MECHANICAL ENERGY. The transformation of
heat energy to mechanical energy by the engine is based on a fundamental
law of physics which states that gas will expand upon application of
heat. If the gas is confined, however, with no outlet for expansion, then
the pressure of the gas will be increased when heat is applied (as it is
in an automotive cylinder). In an engine, this pressure acts against the
head of a piston causing it to move away from the combustion chamber.
¢. RECIPROCATING MoTtioN TO RoTArRY ‘MotioN. The downward
movement of the piston is transformed into rotary motion through a
connecting rod and crankshaft (fig. 2). The automotive cylinder is a
hollow tube closed at one end. The piston, also cylindrical and designed
to slide up and down in the cylinder, fits closely against the cylinder
wall so that the open end is sealed. The connecting rod is straight, and
its upper end is fastened or pivoted to the piston so that the lower end
is free to swing. The motion of the piston is reciprocating, or up and
down, whereas motion emerging from the engine is rotary. The neces-
sary transformation is accomplished by the design of the crankshaft,
which is mounted on bearings at both ends so that it can revolve freely.
In the middle of the crankshaft there is an offset part known as the
“crank” or “throw” to which the lower end of the connecting rod is

RA PD s3ecuvy

Figure 2. Cylinder, Piston, Connecting Rod and Crankshaft
for Simple One-cylinder Engine.



fastened. As the piston is forced down by the expanding gas, the con-
necting rod moves down also, but it must follow the circular path
described by the throw of the crankshaft. Thus the reciprocating motion
of the piston is transformed to rotary motion of the crankshaft.

d. THE CycLe. To produce power for any length of time, an engine
must accomplish a definite series of operations and perform them over
‘and over again. The prescribed series is known as a “cycle” and must
include these basic steps:

(1) The cylinder is filled with a mixture of fuel and air in the correct
proportions.

(2) The mixture in the cylinder is compressed by the piston.

(3) The mixture is ignited and burns, and the expanding gas drives
the piston down away from the combustion chamber.

(4) The burned gases are expelled from the cylinder.

e. AIr, FueL, CoMPRESSION AND IGNITION. Despite the intricate con-
struction of modern engines, only four factors are necessary for proper
engine functioning—air, fuel, compression and ignition. Fuel contains
potential energy for operating the engine, air contains the oxygen neces-
sary for combustion, and ignition starts combustion. All are fundamental,
and the engine will not operate without any one of them. Any discussion
of engines must be based on these three factors and the steps and mech-
anisms involved in delivering them to the combustion chamber at the
proper times.

8. OHo Cycle

6. Four-stTRoOKE CycLE. Gasoline engines that need four strokes of
the piston, two up and two down, to complete a cycle are known as four-
stroke cycle engines. They are commonly referred to as four-stroke Otto
cycle because they operate on principles first applied by Dr. N. A. Otto
in 1876. Gasoline is not the only fuel used in Otto-cycle engines, but
it is easily the most common. In any reference to the gasoline engine in
this text, it will be understood that the engine operates on the Otto
cycle (fig. 3).

(1) Intake stroke. The intake stroke is the first step in the cycle,
and it begins with the piston at its topmost position, or “top dead center.”
The piston moves down, creating a difference in pressure between the
upper part of the cylinder and the atmosphere. The result is a low-
pressure area above the piston, allowing an air-fuel mixture to be forced
through an opening into the cylinder. When the piston reaches the bot-
tom of its stroke the opening closes, sealing the fuel mixture in the
cylinder. This completes the intake stroke.

(2) Compression stroke. The compression stroke is the next step.
The intake opening is closed, and the piston moves up until it reaches
top dead center where the cycle started. The crankshaft now has made
one revolution, and the air-fuel mixture is compressed in the small space
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(combustion chamber) above the piston. There are two fundamental
reasons for compressing the mixture:

(a) The heat of compression mixes air and fuel more thoroughly,
making burning smoother and easier.

(b) The compressed mixture, when ignited, will expand with greater
force than a mixture that is not under pressure.

(3) Power stroke. The third step of the cycle is the power stroke,
the only one that contributes to the engine output. At this time, the
compressed fuel mixture is ignited by an electric spark from a spark
plug. The heat of combustiorr causes the burning gases to expand with
extremely high pressure, forcing the piston down and producing mechan-
ical energy to turn the crankshaft. Both openings into the combustion
chamber remain closed.

(4) Exhaust stroke. The final step is to exhaust the burned gases in
preparation for the beginning of another cycle. As the piston reaches
bottom dead center, an opening at the top of the chamber is uncovered,
immediately relieving the pressure on the piston; the port remains open
while the piston moves up again. The piston forces the burned gases
out as it once more moves back to top dead center. When the piston
reaches top dead center again, the opening closes and the cylinder is then
ready for another cycle. During the Otto four-stroke cycle the crank-
shaft revolved twice and the piston made four strokes. The same se-
quence of intake, compression, power, and exhaust must always occur
in the same order and must be repeated again and again to operate the
engine.

b. Two-strokE CycrLE. (1) By modifying the four-stroke cycle, an
engine can be made which operates on a two-stroke cycle and in which
every other piston stroke is a power stroke. This is known as the two-
stroke Otto cycle. Each time the piston moves down it is on the power
stroke. Intake, compression, power, and exhaust still take place but are
completed in just one-half the number of strokes. Working parts of
the two-stroke cycle engine are shown in figure 4. Intake and exhaust
ports are cut into the cylinder wall instead of in the top of the combus-
tion chamber as they were in the four-stroke cycle engine. As the piston
moves down on its power stroke, it first uncovers the exhaust port to
let burned gases escape and then uncovers the intake port to allow a new
air-fuel mixture to enter the combustion chamber. On the upward stroke
the piston covers both ports and at the same time compresses the new
mixture in preparation for ignition and another power stroke.

(2) Theoretically, the two-stroke cycle engine would put out twice
as much power as a four-stroke cycle engine of the same size. This is
not true, however, because fuel is wasted and power is lost when some of
the incoming fuel mixture mixes with exhaust gases and goes out with
them. The volumetric efficiency of the engine is thus reduced considerably

(par. 9b (6) ).
11
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9. Diesel Cycle

a. DieseL DEVELOPMENT. The Diesel engine bears the name of Dr.
Rudolph Diesel, a German engineer. He is credited with constructing,
in 1897, the first successful Diesel engine using liquid fuel. His objective
was an engine with greater fuel economy than the steam engine, which
used only a small percentage of the energy contained in the coal burned
under its boilers. Dr. Diesel originally planned to use pulverized coal as
fuel, but his first experimental engine in 1893 was a failure. After a
second engine also failed, he abandoned his plan and used liquid fuel,
which proved successful.

b. DieseL CycLE vs Orro CycLE. (1) Mechanical details. The Diesel
engine is mechanically similar to gasoline engines using the Otto cycle.
Both depend for operation upon the four fundamentals™of air, fuel, com-
pression and ignition. Examination of the four-stroke and two-stroke
cycles also will reveal definite similarity between the Otto and Diesel
cycles. Intake, compression, power, and exhaust take place in the same
order. Pistons move up and down in cylinders, and connecting rods are
fastened to a crankshaft that transforms reciprocating motion into rotary
motion. There is little difference in external appearances. Both types
extract energy from the burning of an air-fuel mixture inside a cylinder.

(2) Method of ignition. (a) The main difference between engines
operating on Otto and Diesel cycles is in the method of admitting and
igniting the fuel (fig. 5). In the Otto-cycle engine, the fuel and air are
mixed before they enter the cylinder. In the Diesel, fuel and air enter

RA PD 354301

Figure 4. Two-stroke Otto Cycle.
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separately and the mixing occurs within the cylinder. The Otto-cycle
engine compresses a mixture of air and fuel which is ignited by an elec-
trical spark, but the Diesel compresses air only. Diesel fuel is injected into
the compressed air at about the same time that the spark would occur in
a gasoline engine. The heat caused by compression of air in the cylinder
is solely responsible for ignition in the Diesel. No spark plug is necessary.

(b) Pressure developed by the comgression stroke is much greater
in the Diesel engine, in which pressures as high as 500 pounds per square
inch are common. For each pound of pressure exerted on the air, there
will be a temperature increase of about 2° F. At the top of the compres-
sion stroke (when pressure is highest) the temperature in the chamber
will be about 1,000° F. This heat ignites the fuel almost as soon as it is
injected into the cylinder, and the piston, motivated by the expansion of
burning gases, then moves down on the power stroke. In a gasoline
engine the heat due to compression is not enough to ignite the air-fuel
mixture and a’spark plug is therefore necessary.

(3) Control of speed and power. (a) The speed and power output of
Diesel engines are controlled by the quantity of fuel injected into the
cylinder. This is opposed to the common gasoline engine, which controls
speed and power output by limiting the amount of air admitted to the
carburetor. The carburetor is the device that mixes air and fuel outside
the cylinder (par. 52¢). The simple difference is that the Diesel engine
controls the quantity of fuel whereas the gasoline engine regulates -the
quantity of air.

(b) In the Diesel engine a varying amount of fuel is mixed with a
constant amount of compressed air inside the cylinder. A full charge of -
air enters the cylinder on each intake stroke. Because the quantity of air
is constant, the amount of fuel injected determines power output and
speed. As long as the amount of fuel injected is below the maximum
established by the manufacturer in designing the engine, there is always
enough air in the cylinder to insure complete combustion.

(c) In the carburetor of a gasoline engine, there is a means of con-
trolling the amount of air admitted. The amount of air and its velocity,
in turn, control the quantity of fuel that is picked up and mixed with air
to be admitted to the cylinder. The amount of mixture available for com-
bustion determines power output and speed. It is apparent, therefore, that
the controlling factor is the quantity and velocity of air passing through
the carburetor.

(4) Combustion process. In the Diesel engine, there is continuous
combustion during the entire length of the power stroke, and pressure
resulting from combustion remains approximately constant throughout
the stroke. In the gasoline engine, however, combustion is completed
while the piston is at the upper part of its travel. This means that the
volume of the mixture stays about the same during most of the combus-
tion process. When the piston does move down and the volume increases,
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there is little additional combustion to maintain pressure. Because of
these facts, the cycle of the gasoline engine is referred to as having
constant-volume combustion whereas the Diesel cycle has constant-
pressure combustion.

(5) Thermal efficiency. The Diesel engine is economical because it
uses a low-cost fuel and obtains more power output per gallon. The
latter advantage is due to the higher compression ratio of the Diesel,
which increases its thermal efficiency (par. 19a). Because the air has
been under such high compression pressure, it expands more when fuel
is injected and combustion occurs. The Diesel engine converts more heat
energy to mechanical energy because combustion is more prolonged and
therefore force is applied to the head of the piston for a longer time.

(6) Volumetric efficiency. It was pointed out that there are no major
mechanical differences between gasoline and Diesel engines. However,
the Diesel two-stroke cycle engine does use a device for raising volumetric
efficiency (par. ¥9¢), which is not found on two-stroke Otto-cycle en-
gines. This device is a blower which forces air into the combustion
chamber to hasten the movement of burned gases out through the ex-
haust ports. As a result, the piston compresses a.charge of air that has
very little exhaust gas remaining in it and consequently, has sufficient
oxygen-‘to burn the fuel when it is injected. In the gasoline two-stroke
cycle engine, part of the incoming air-fuel mixture went out with the
exhaust gases. The volumetric efficiency gained by using the blower is
partially offset, however, by the power needed to turn it.

Section Il. PRACTICAL APPLICATION
10. Mechanical Details

The one-cylinder engine which was the example used in descriptions
of the Otto and Diesel cycles consisted merely of a cylinder, piston,
connecting rod, crankshaft, flywheel and spark plug or some other means
of igniting the fuel. To explain the practical applications of this engine
it is necessary to add some more parts, a practice that will continue as
the explanation of the engine progresses.

a. The first step in engine operation is the admitting of the air-fuel
mixture, or air alone in the Diesel, to the cylinder. An intake valve
controls the opening for admitting the mixture, and an exhaust valve
controls the opening for expelling exhaust gases from the cylinder.
Both valves are held closed by springs and are opened mechanically at
the proper time by the valve-operating mechanism linkage (fig. 6),
which is activated by the camshaft.

b. The camshaft (fig. 7), turned by the crankshaft through gears or a
chain, opens the valves by the mechanical lift of its cams acting against
the tension of the valve springs.
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GASOLINE

On downward stroke
of piston, intake valve
opens and atmospheric
pressure forces air
through carburetor
where it picks up a
metered combustible
charge of fuel. The
mixture goes past the
throttle valve into cyl-
inder-space vacated
by the piston.

On upstroke of piston,
valves are closed, and
mixture is compressed
usually to from 70 to
125 lbs. per sq. in., de-
pending on anti-knock
characteristics of the
fuel.

Compressed fuel-air
mixture is ignited by
electric spark. Heat of
combustion causes
forceful éxpansion of
cylinder gases against
piston, resulting in
power stroke.

Upstroke of piston,
with exhaust valve
open, forces cylinder
gases out, making
ready for another in-
take stroke.

INTAKE STROKE

|

s

COMPRESSION STROKE

Lf

3

o

POWER STROKE

SPARK
PLUG NOZZLE
\
o o
FUEL
MAGNETO |  INJECTION
PUMP

EXHAUST STROKE

JI_Z 1300° F

o

4 ‘:, 900" F

o

DIESEL

On downward stroke
of piston, intake valve
opens and atmospheric
pressure forces pure
air into the cylinder-
space vacated by the
piston, there being no
carburetor or throttle
valve. Cylinder fills
with same quantity of
air, regardless of load
on engine.

On upstroke of piston,
valves are closed, and
air in International
Diesels is compressed
to approximately 500
Ibs. per sq. in.

High compression pro-
duces high tempera-
ture for spontaneous
ignition of fuel injected
near end of compres-
sion stroke. Heat of
combustion expands
cylinder gases against
piston, resulting in
power stroke.

Upstroke of piston,
with exhaust valve
open, forces cylinder
gases out, making
ready for another in-
take stroke.

RA PD 12997

Figure 5b. Comparison of Gasoline and Diesel Engine Cycles.
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11. Air-fuel Ratio

a. Fuel for the theoretical engines discussed in the preceding para-
graphs could be any combustible substance, but the fuels most widely
used in automotive engines today are gasoline and Diesel fuel. The
characteristics which make these fuels desirable will be covered later in
this text. However, a discussion of the problems involved in the use of a
liquid fuel is necessary to better understand the intake systems.

b. Oxygen must be present if combustion is to occur, and inasmuch
as air is the source of supply of oxygen used in an automotive engine,
the problem becomes one of getting enough air into the cylinder to
support combustion of the fuel. The commonly accepted ratio of air
to fuel for combustion in a gasoline engine is 15 to 1. This may vary
somewhat either way, depending on whether power or fuel economy is
desired. For every pound of gasoline used, 15 pounds of air must be
supplied. Gasoline weighs approximately 600 times as much as air,
which means that 600 x 15 or 9,000 times as much air must be furnished
if a volumetric comparison is made. To put it another way, 14 teaspoon
of gasoline must be mixed with 1 cubic foot of air to obtain a 15 to 1
ratio by weight.

12. Valve Timing

a. RELATION BETWEEN PISTON AND VALVES. A new mixture must
be trapped in the cylinder at the proper time during each cycle, and,
after combustion, the exhaust gases must be allowed to flow out of the
cylinder. Valve timing refers to the exact times in the engine cycle at
which the valves trap the mixture and then allow the burned gases to
escape. The valves must open and close so that they are constantly in
step with the piston movement of the cylinder which they control. The
position of the valves is determined by the camshaft; the position of
the piston is determined by the crankshaft. Correct valve timing is ob-
tained by providing the proper relationship between the camshaft and
the crankshaft. When the four strokes of an engine were discussed, it
was assumed that the valves opened and closed at top or bottom dead
center and remained open or closed for 180° of crankshaft rotation.
In actual operation, the time at which the valves operate will vary, as
shown in the typical valve-timing diagram (fig. 8). '

b. ExmAust VALVE. The exhaust valve opens before the piston
reaches the end of the power stroke so that the pressure remaining in -
the cylinder will cause the exhaust gases to rush out of their own accord.
If the valve did not open before the end of the power stroke, this pressure
would impede the upward movement of the piston during the exhaust
stroke. Even though some of the force of the expanding gases is wasted,
gases rushing out the exhaust port create a turbulence which aids scaveng-
ing. This, together with the freedom afforded the piston in beginning
the exhaust stroke, results in greater power output.



c. “Rock” PositioN. When the piston is at top or bottom dead center,
the crankshaft can move 15° to 20° without causing the piston to move
up or down any perceptible distance. This is called the “rock” position
(fig. 9). When the piston moves up on the exhaust stroke, considerable
momentum is imparted to the exhaust gases as they pass out through the
exhaust-valve port, but if the exhaust valve closes at top dead center a
small amount of the gases will be trapped in the combustion chamber
and the incoming air-fuel mixture will be diluted. Since the piston has
little downward movement while in the rock position, the exhaust valve
can remain open during this period and thereby permit a more complete
scavenging of the exhaust gases.

d. INTAKE VALVE. Very little vacuum is created in the combustion
chamber as the piston passes through the rock position at top dead
center. The exhaust gases, however, because of their momentum in
passing through the exhaust-valve port, create an air current in the
chamber. This air current is sufficient to cause a new mixture to start
moving into the combustion chamber if the intake valve is open. For this
reason, the intake valve opens slightly before top dead center. As the
piston goes down on the intake stroke, the rapid decrease in pressure in
the cylinder enables atmospheric, or outside, pressure to impart con-
siderable momentum to the incoming mixture. If the piston moves slowly,
the mixture will be able to enter fast enough to keep the pressure in the
combustion space equal to that outside. At high speed the piston will
reach the end of its downward stroke before a complete charge has had
time to enter, thereby causing the pressure in the combustion space to
be below that of the atmosphere. The intake valve is allowed to remain
open until the piston reaches a point in its next upward stroke at which
the pressure in the cylinder equals the outside pressure. The momentum
of the incoming mixture builds up the pressure faster than the upward
movement of the piston through the rock position would build it up if the
valve were closed. The point at which the pressure of the incoming
mixture equals the pressure caused by the upward movement of the
piston varies in different designs.

13. Compression Ratio

a. DEFINITION. To develop the highest power output from the mixture
after it is trapped in the cylinder, the mixture must be compressed as
high as practicable. As previously stated, the higher the pressure in the
cylinder after the compression stroke the greater the power output. The
compression pressures of an engine are indicated by the compression
ratio, which is the ratio of the total volume of a cylinder to its clearance
volume. A study of figure 10 will show the relationship between these
two volumes. The volume above the piston at top dead center is the
clearance volume. The displacement volume is the increase as the piston
moves down to bottom dead center. It must be remembered that although
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Figure 10. Compression Ratio.
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the compression ratio is an indication of pressure, volumes and not
pressures are considered when calculating the compression ratio.

b. Low-aNp HiGH-comPrESSION ENGINES. In the gasoline engine,
where fuel is present with the air during compression, the highest prac-
tical pressure is determined by the characteristics of the fuel. Early
makes of gasoline engines used compression ratios of 3 or 4 to 1 and
were known as low-compression engines. High-compression engines were
not used, because the gasoline available would have caused detonation or
“pinging.” Later, it was found that certain chemicals added to the gaso-
line would eliminate detonation caused by high compression ratios. This
discovery together with improved refining methods led to the modern
engines with compression ratios as high as 7.5 to 1. In Diesel engines,
where air alone is compressed, the only limitation on compression is
the ability of the engine to withstand the heavy strains produced by high
compression pressures. The fact that Diesel engines will “knock” is not
due to the high compression ratios but rather to the fact that the fuel
does not burn fast enough. The characteristics of gasoline and Diesel
fuel which lead to detonation or knocking are inherent in the fuel and
the designers have taken them into consideration in the development
of the engines. These characteristics together with the burning process
for gasoline and Diesel fuel will be discussed in paragraphs 40 and 43.

14. Ignition Timing

The time at which ignition of the fuel charge should occur is depend—
ent upon the speed of the engine, type of fuel used, compression ratio,
and several other factors. It will be necessary to cover gasoline and
Diesel ignition factors separately because factors which aid Diesel igni-
tion may be undesirable in the spark ignition system of a gasoline engine.
Both types of engines provide for ignition before the end of the com-
pression stroke, and both provide for the advance of the ignition point
with increasing engine speed, but the methods of obtaining these results
differ.

a. GasoLINE ENGINE. It has been determined that for gasoline en-
gines, maximum power is obtained when the maximum combustion pres-
sure occurs while the piston is at a point between 10° and 20° past
top dead center on the power stroke. Even though the mixture burns very
rapidly, it burns slowly enough to make ignition necessary before the
end of the compression stroke if combustion is to be nearly completed
by the time the piston reaches the maximum-power position. For any
given compression ratio and gasoline, the time required to complete the
combustion process does not change regardless of engine speed. However,
as the engine speed increases, the strokes of the cycle take place in a
shorter time. When cycle time shortens, combustion must begin earlier
in order to be completed at the same point in the cycle that it was before
the engine speeded up. Therefore, there must be a means of varying the
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time of the spark throughout the engine speed range. If the spark is
too far advanced, combustion will be completed before the piston has
reached the end of its compression stroke, and the flywheel must force
the piston upward against the resulting pressure in order to get it into
position to move downward on the power stroke. Even if the momentum
of the flywheel is sufficient to overcome the pressure, there will be a
noticeable loss of power and an excessive amount of detonation. If the
spark is retarded, the combustion will be completed too long after the
piston has begun to move downward on the power stroke, and the pres-
sure will then be reduced because the combustion will have taken place in
a larger space.

b. Diese. ENGINE. The fuel in a Diesel engine is ignited solely by
the heat of compression of air. Shortly after the injected fuel reaches
the hot compressed air it is ignited, regardless of how little or how much
is injected. Therefore, the time of ignition is governed by the time of
fuel injection. The pressure begins to rise as the first droplets of fuel
entering the cylinder begin to burn, and the rate and amount of fuel
injected determine the maximum pressure obtained as well as the speed
of the engine. More fuel is added as the combustion progresses, thereby
maintaining almost constant pressure on the piston as it moves down-
ward. In the gasoline engine the amount of spark advance was governzad
by the piston speed and load. In the Diesel engine, the start of injection
usually is constant and the end of injection is varied. As the amount of
fuel injected determines engine speed, the longer the period of injection
the greater the engine speed. At high engine speeds the operation tends
to approach the constant-volume process of the gasoline engine.

15. Mul‘hcylmder Engines

a. Power INcrease. The principles discussed in the previous para-
graphs considered the operation of one cylinder only. In the early auto-
motive vehicles, one-cylinder, two-cylinder, and some three-cylinder en-
gines were used, but the many advantages of a larger number of cylinders
soon led to their adoption. Although the power stroke of each piston
theoretically continues for 180° of crankshaft rotation, it has been
discovered that best results can be obtained if the exhaust valve is opened
when the power stroke has completed about four-fifths of its travel.
Therefore, the period that power is delivered during 720° of crankshaft
rotation, or one four-stroke cycle, will be 145° multiplied by the num-
ber of cylinders in the engine. If an engine has two cylinders, power will
be transmitted for 290° of the 720° of travel necessary to complete the
four events of the cycle: The flywheel must supply power for the re-
maining 430° of crankshaft travel.

b. Power OVERLAP. As cylinders are added to an engine, each one
must complete the four steps of the cycle during two revolutions of the
crankshaft. The number of power impulses for each revolution also

23



POWER

POWER 145°
145°
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1-CYLINDER 4-CYLINDER ENGINE
ENGINE FIRING ORDER 1342

6-CYLINDER ENGINE 8-CYLINDER ENGINE
FIRING ORDER 153624 FIRING ORDER 16258374

NOTE:- THE CIRCLES SHOWN ABOVE REPRESENT 720° NOT 380° BECAUSE THE
CRANKSHAFT MUST ROTATE THROUGH 720° TO COMPLETE THE CYCLE
ONCE FOR ALL CYLINDERS RA PD 334307

Figure 11. Power Ouerlap of Four-stroke Cycle Engine.

increases, producing smoother operation. If there are more than four
cylinders, the power strokes overlap, as shown in figure 11. It can be
seen that the length of overlap increases with the number of cylinders.
The diagram for the six-cylinder engine shows a new power stroke start-
ing each 120° of crankshaft rotation and lasting for four-fifths of a
stroke, or 145°. This provides an overlap of 25°. In the eight-cylinder
engine, a power stroke starts every 90° and continues for 145°, resulting
in a 55° overlap of power. Because the cylinders fire at regular intervals
the power overlap will be the same regardless of firing order and will
apply to either in-line or 90° V-type engines.

16. Classification of Engines

Automotive engines may be classified according to the type of fuel
they use, type of cooling employed, or valve and cylinder arrangement.
They all operate on the internal combustion principle, and the application
of basic principles of construction to particular needs or systems of manu-
facture has caused certain designs to be recognized as conventional. The
most common method of classification is by type of fuel used, that is,
whether the engine burns gasoline or Diesel fuel. This method has been
covered in previous pargaraphs, so classification by type of cooling,
valve arrangement, and cylinder arrangement will be discussed here.

a. CooLING. Engines are classified as to whether they are air- or
liquid-cooled. All engines are cooled by air to some extent, but air-
cooled engines are those in which air is the only external cooling medium.
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Lubricating oil and fuel help somewhat to cool all engines, but there
must be an additional external means of dissipating the heat absorbed by
the engine during the power stroke.

(1) Air-cooled. Air-cooled engines are used in motor vehicles but
their most extensive use is in aircraft. This type of engine is used where
there must be an economy of space and weight. It does not require a
radiator, water jacket, coolant, or a pump to circulate the coolant. The
cylinders are cooled by the conduction of heat to metal fins on the outside
of the cylinder wall and head. To effect the cooling, air is circulated
between the fins. When possible, the engine is installed so that it is
exposed to the air stream of the vehicle and has baffles to direct the air
to the fins. If the engine cannot be mounted in the air stream, a fan
is employed to force the air through the baffles.

(2) Liquid-cooled. Liquid-cooled engines require a water jacket to
hold the coolant around the valve ports, combustion chambers, and-
cylinders; a radiator to dissipate the heat from the coolant to the sur-
rounding air; and a pump to circulate the coolant through the engine.
Liquid-cooled engines also require a fan to draw air through the radiator
because the speed of the vehicle does not always force enough air through
the radiator to provide proper dissipation of heat.

b. VALVE ARRANGEMENT. Engines may be classified according to the
position of the intake and exhaust valves, that is, whether they are in
the cylinder block or in the cylinder head. Various arrangements have
been used, but the most common are “L-head” and “l-head” (fig. 12).
The letter designation is used because the shape of the combustion cham-
ber resembles the form of the letter identifying it.

(1) L-head. In the L-head, both valves are placed in the block on the
same side of the cylinder. The valve-operating mechanism is located
directly below the valves, and one camshaft actuates both the intake and
exhaust valves. This type has supplanted the “T-head,” where both

RA PD 354308
Figure 12. L, I and T Arrangement of Vabves.
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Figure 13. Prony Brake.

valves were in the block but on opposite sides of the cylinder. The
disadvantage of the T-head was that it required two complete valve-
operating mechanisms.

(2) l-head. Engines using the l-head construction are commonly
called “overhead valve” engines because the valves are mounted in the
cylinder head above the cylinder. This arrangement requires a lifter, a
push rod, and a rocker arm above the cylinder to reverse the direction of
valve movement, but only one camshaft is required for both valves.

c. CYLINDER ARRANGEMENT. Automotive engines also vary in the
arrangement of cylinders in the block, depending on the engine use.
Cylinder arrangement in liquid-cooled engines is usually in-line or V-type ;
in air-cooled engines it is radial or horizontal opposed.

(1) In-line. The vertical in-line cylinder arrangement is one of the
most commonly used types. All the cylinders are cast or assembled in a
straight line above a common crankshaft which is immediately below the
cylinders. A variation is the inverted in-line type.

(2) V-type. In the V-type engine two “banks” of in-line cylinders are
mounted in a V-shape above a common crankshaft. This type is designated
by the number of degrees in the angle between the banks of cylinders.
Usually the angle of the V is 90° for 8-cylinder engines; 75, 60, or 45°
for 12-cylinder engines; and 45 or 135° for 16-cylinder engines. Crank-
shafts for V-type engines generally have only half as many throws as
there are cylinders, as two connecting rods (one from each bank)
generally are connected to each throw.

(3) Radial. The radial engine has cylinders placed in a circle around
the crankshaft. The crankshaft has only one throw, and one piston is
connccted to this throw by a “master” rod. The connecting rods from
the other pistons are fastened to the master rod, making the power flow
first to the master rod and then to the crankshaft. The result is the same
as if each rod were connected directly to the crankshaft. High-powered
radial engines may have two rows of cylinders in which each row operates
on its own throw of the crankshaft.

(4) Horizontal opposed. The horizontal-opposed engine has its cylin-
ders laid on their sides in two rows with the crankshaft in the center.
This type is often found in passenger busses; because of its low over-all
height, it can be mounted under the body of the vehicle.
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Section lil. PERFORMANCE

17. Measurement of Horsepower

The horsepower of an engine may be expressed in several ways,
depending on how it is measured.

a. “INpicATED” HORSEPOWER. ‘“‘Indicated” horsepower is the power
calculated by formula and is used for experimental and laboratory pur-
poses. It is based on the pressure exerted on the piston during the power
stroke, obtained from the indicator card, area of the piston head, length
of the stroke, and the number of power strokes in a given period.

b. “BrRAKE” HorsePoweR. The “brake” horsepower usually will be
70 to 85 percent lower than indicated horsepower, the difference resulting
from consideration of the power lost in friction and the driving of the
auxiliary units of the engine—the water pump, oil pump, and camshaft.
When horsepower is mentioned in this text, it will be assumed_ta_be
brake horsepower unless otherwise stated.

. “SAE” HorseroweR. A third expression is “SAE” horsepower,
developed by the Society of Automotive Engineers. Calculated by for-
mula, it is used for commercial licensing of vehicles.

d. MEAsUREMENT DEevices. Horsepower which actually does work
is of primary interest. Two of several ways to measure it are described
below.

(1) Prony brake. A very simple way to determine usable horsepower
is to cause the flywheel of an engine to rotate against a braking device.
One of the earliest of these devices was introduced by Baron de Prony,
a French engineer, and is known as the Prony brake, illustrated in figure
13. Wooden blocks, cut to fit the radius of the flywheel, are fastened
to a frame attached to an arm. One end of the arm rests on a knife edge
on the bed of a scale. Adjusting screws regulate the tightness of the
blocks against the flywheel. The heat generated by the flywheel as it
turns under the pressure of blocks is absorbed by a stream of water
applied to the flywheel rim. To measure the horsepower, the engine is
operated at full throttle without load to permit it to reach its maximum
speed. When the adjusting screws are tightened, the pressure of the
blocks against the flywheel adds load and causes the speed of the engine
to decrease. The pressure of the blocks tends to make the arm rotate
with the flywheel and exert a force on the scale.

Note. The net force is the force on the scale when the flywheel is, running,
minus the dead-weight force of the arm when the flywheel is not running.

The net force indicated on the scale is multiplied by the length of
the arm measured along the line (R). A simple calculation is necessary
to show the horsepower for any given speed.

(2) Dynamometer. A more modern and more accurate method of
measuring the power delivered by an engine makes use of a device
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Figure 14. Relationship between Torque and Speed.

called a “dynamometer.” This machine absorbs the power of the engine
by one of several means, and tells all details of the engine’s performance
through its gages and dials. The means employed to absorb the power of
the engine include hydraulic friction and magnetism. In the former, the
power of the engine drives a fluid through a system designed to offer
enough resistance to absorb all the power furnished. In the magnetic
system, commonly called “electric dynamometer,” magnets energized by
the flow of electricity furnish the “drag” and the overcoming of this
“drag” absorbs the entire power output of the engine. The dynamometer
may be used to drive the engine for purposes of measuring the friction of
the engine itself or of the-various accessories. It should be pointed out
that in connection with such tests for measuring horsepower the words
“net” and ‘“‘gross” are sometimes used. Net brake horsepower is the
measurement of the power output of an engine with all its accessories.
Gross brake horsepower is the measurement of the power when the engine
has been stripped of such accessories as the pump, fan, and generator.
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Figure 15. Typical Horsepower Curve.
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18. Horsepower vs. Torque

a. Since horsepower is a product of torque and rotation speed, the
horsepower at any given r. p. m. (revolutions per minute) will vary
directly with the torque. For example, if engine speed is constant and
the torque is doubled, the horsepower output will be doubled. Actually,
however, the torque does not remain the same throughout the various
speeds of an engine.

(1) The relationship between torque and speed is shown in figure 14,
which is a typical torque curve for a gasoline engine which reaches its
maximum rated horsepower at 2,400 r. p. m. It will be noted that torque
increases and then decreases as the speed of the engine passes 1,800
r. p. m. The reason for this curve is that at very low speeds the engine
cannot draw full charges into the cylinders because of the relatively
low air velocity, and at high speeds the charges cannot move fast enough
to fill the cylinders. ' :

(2) If the horsepower curve for the same engine is plotted, as in
figure 15, we find that the horsepower rises rapidly and then, as the
torque begins to fall, the horsepower tapers off. The torque curve is
the same as that shown in figure 15 except that smaller units have been
used for the vertical scale in order to place both curves on the same
graph. A closer examination of the horsepower curve shows that it rises
most sharply between 1,000 and 2,000 r. p. m., rises less sharply to
about 2,400 r. p. m., and finally drops at 2,650 r. p. m. Note that although
the engine is rated at 2,400 r. p. m., overspeeding will increase the horse-
power a certain amount. This practice should be discouraged because it
will harm the engine if done frequently.

b. When comparing the torque and horsepower of two engines, the
r. p. m. at which the torque and horsepower are measured must be con-
sidered. Maximum torque throughout the speed range is produced at
wide-open throttle. The load being carried by the engine will govern the
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speed. The torque will increase as the load increases until the speed
of the engine drops to the point at which the engine can no longer draw
full charges into the cylinders. This point is variable and is determined
by the design and the volumetric efficiency of the engine.

(1) From the formulas for horsepower and torque, we know that
if two engines develop the same torque at the same speed, they must
develop the same horsepower at that speed, although the horspower and
torque of the two engines may vary at other speeds. This is illustrated
in figure 16, which shows the torque and horsepower curves for a Diesel
and a gasoline engine. Both engines develop 265 hp. at 2,400 r. p. m.;
therefore, the torque for each engine at that speed is the same. However,
as the speed of the two engines decreases, owing to load, the two
torque curves diverge. The torque curve of the gasoline engine rises
slowly and then falls off ; the Diesel curve, on the other hand, rises more
rapidly and does not fall off as sharply. It will be noted that the torque
curve of a Diesel engine is relatively flat and that there is a wider range
of speeds through which high torque is obtained.

(2) An engine which can maintain high torque throughout the upper
range of speeds will propel a vehicle with a minimum of gear shifting,
since low gears in a transmission act simply as “torque multipliers” to
‘increase the power going to the wheels or tracks of a vehicle. It should
be remembered, however, that additional torque is not gained without
sacrificing something. If torque can be increased only by shifting into a
lower gear, speed is lost. Thus the advantage of using an engine with a
“flat” torque curve is that more power is obtained in the higher gears,
permitting heavier loads to be moved at higher rates of speed.

19. Efficiencies

In reference to the internal combustion engine, the word “efficiency’”
is frequently mentioned ; consequently the meaning of this term as applied
to the design and operation of an engine should be understood. In general,
efficiency is used to designate the relationship between the result obtained
and the effort expended to produce this result.

a. TrERMAL EFrFICIENCY. The overall thermal efficiency of an engine
is the relationship between the fuel input and the power output. This
relationship is expressed in heat units called “British thermal units”
(B. t. u). One B. t. u. also equals 778 ft.-Ib. of work; therefore the
horsepower output of an engine can be readily converted into B. t. u.
The source of power in an engine is fuel, and the B. t. u. content of
regularly used fuels has been determined by laboratory analysis:

Thermal __ power output in B. t. u.
Efficiency = fuel input in B. t. u.
Ezxample. An engine delivers 85 brake horsepower for a period of 1
hour, and in that time consumes 50 Ib. (approximately 714 gallons) of
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gasoline. Assuming that the gasoline has a value of 18,800 B. t. u. per -
Ib. find the thermal efficiency of the engine:
Power delivered by engine 85 hp. for 1 hour, or 85 hp.-hours
1 hp.-hour = 2,545 B. t. {.1
85 hp. x 2,545 B. t. u. per hp.-hour = 216,325 B. t. u. output (per hour)
50 1b. x 18,800 B. t. u. per Ib = 940,000 B. t. u. input (per hour)
. 216,325
Overall thermal efficiency = 40,000
b. MecrANICAL EFFICIENCY. The mechanical efficiency is the rating
that shows how much of the power developed by the expansion of the
gases in the cylinder is actually delivered to the flywheel. The factor
which has the greatest effect on mechanical efficiency is friction within
the engine. The friction between moving parts in an engine remains
practically constant throughout the engine’s speed range. Therefore the
mechanical efficiency of an engine will be highest when the engine is
running at the speed at which maximum brake horsepower is developed.
The power output at the flywheel is brake horsepower, and the maximum
horsepower available is indicated horsepower; therefor:
mechanical __  brake horsepower
efficiency ~ indicated horsepower
¢. VoLumetric EFriciENCY. Power output of a gasoline engine de-
pends on how much fuel is burned within the cylinder. It is not difficult
to get enough fuel into the cylinder, but it is a problem to get enough
air in with the fuel to insure complete combustion. The ability of an
engine to take in air is expressed as volumetric efficiency. An engine
would have 100-percent volumetric efficiency if at atmospheric tempera-
ture and pressure it could take in an amount of air exactly equal to the
piston displacement. However, this is not possible without the use of a
supercharger, because the passages through which the air must flow
offer a resistance, the force pushing the air in is only the atmosphere, and
the air absorbs heat during the process. Therefore the designer deter-
mines volumetric efficiency by measuring the amount of air-fuel mixture
taken in by the engine, converting it to the volume it would occupy if it
were at atmospheric conditions, and comparing it to the piston displace-
ment. Thus:

= 0.230, or 23 percent

volume of mixture

volumetric . __foreed in?
efficiency piston displacement

133,000 ft.-1b. per minute x 60 minutes
778 ft.-1b.
2 The volume of mixture must be corrected to standard atmospheric pressure and

temperature. Although gasoline is present in the mixture, it occupies such a small
volume that its effect is negligible.

= 2545 B.t.u. per hp.-hour
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CHAPTER 4
CONSTRUCTION OF ENGINES

20. General

This chapter will be concerned with describing the basic components
of engines. The parts of in-line and V-type engines are similar and may
be described together. Most radial engine components, however, differ
substantially and require separate explanations. These include cylinders,
crankcase, camshaft, connecting rods, and gear train. The various parts
which make up the cooling, fuel, ignition, and lubrication systems will
be described in other chapters.

21. Cylinder Block

a. The cylinder block of in-line and V-type engines contains the cylin-
ders in which the pistons move, the valve ports, and the passages through
which the coolant flows. It also includes the upper part of the crankcase
and, as such, acts as the base of the engine.

b. The cylinders and crankcase are cast “in-block,” that is, in one
piece called the cylinder block. The advantages of the in-block method are
so many that it has become almost universal. Casting cylinders in-block
produces more compact, shorter, and more rigid construction at less
cost than casting cylinders singly or in pairs; assembly is simplified, and
valve-operating mechanisms are easier to inclose.

c. The cylinders of a liquid-cooled engine are surrounded by jackets
through which the liquid circulates. These jackets are cast integral with
the cylinder block, as shown in figure 17. Communicating passages per-
mit the coolant to circulate around the cylinders and through the head.

d. Cylinders must be absolutely round and true, and the surfaces must
be highly finished. These surfaces are obtained in manufacturing by
boring, grinding, and/or honing (in that order), and the final result is a
precision finish which offers little resistance and assures a uniform seal
between cylinder and piston rings.

e. Cylinder blocks were formerly made of gray cast iron, but wear-
ing qualities of this metal were not adequate. The material now used in
cylinder blocks is a special iron alloy containing nickel, chromium, and
molybdenum. Cylinder liners or sleeves are bcoming more common in
large motor-vehicle engines. Liners are made of alloys specially treated
to give greater wearing qualities ; their outside diameters are as large as
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the openings into which they fit. The “wet” type of liner comes in direct
. contact with the coolant and is sealed at the top and bottom by a rubber
sealing ring; the “dry” type of liner does not contact the coolant directly.
Liners have two advantages: they usually wear longer, and, after they
have been worn beyond the maximum oversize, can be replaced with new
liners, avoiding the replacement of the entire block.

22. Cylinder Head

On in-line and V engines, the cylinder head, a separate casting which
contains the combustion chamber, is bolted to the top of the cylinder
block to close the upper ends of the cylinders (fig. 18). It contains
passages which match those of the cylinder block and allow the coolant
to circulate in the head. To retain compression in the cylinder, a metal
cylinder-head gasket is placed between the head and the block. Holes are
cut in this gasket for the bolts holding the cylinder head to the block,
for the passage of coolant from the block to the head, and for the com-
bustion chamber. All cylinder heads were formerly made of cast iron,
but many engines now are being built with cylinder heads of cast alumi-
num alloy because it is a better conductor of heat and therefore aids in
cooling.

23. Cylinders, Radial Engine
One of the most important parts of the radial engine is the cylinder
.assembly, consisting of the barrel and the head (fig. 19). The barrel of
the radial-engine cylinder differs from that of the in-line engine in that
it is made individually, not cast in-block (par. 21). The arrangement of
cylinders separately and radially places them all in the open so that an
even flow of air can be directed to all. As the radial engine is air-cooled,
closely spaced fins surround the barrel to make more surface available
for the radiation of heat. This is in contrast to the conventional in-line
liquid-cooled engine, which has a water jacket around its cylinders.

a. Even the normal process of combustion generates high temperature
and comparatively high pressure in the radial engine. If low-grade fuel
is used or if the engine is operated at too high a temperature, either
condition resulting in detonation (par. 40b), the pressure of normal com-
bustion will be multiplied several times. This made it necessary for
metallurgists to develop materials that retain their strength under high
temperature and are resistant to repeated stresses. Cylinder barrels are
made of either cast nickel iron or forged steel. Because it is heavy and
comparatively weak under high temperature, cast iron is not used on
large engines. However, it can be used on small engines where high
strength and light weight are not important. Forged steel is far more
satisfactory and is the prevalent material for cylinder barrels. The fins
are machined on the outside of the barrel. The bearing surface on the
inside is ground accurately and nitrided (toughened by exposure to an
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ammonia process under high temperature) to provide a hard, smooth,
wear-resisting surface and to reduce the possibility of distortion under
high operating temperatures. A cylinder hold-down flange is machined
on the lower end of the barrel, where it is fastened to the main crankcase
section by studs, nuts, and lock wires or lock nuts.

b. Early radial engines were manufactured with the cylinder barrel
and the head cast integrally of nickel iron. The recent trend has been to
make the head separately of an aluminum alloy. Aluminum is adaptable
to the casting of deep, closely spaced fins, has high strength, and is a
ready conductor of heat. The alloy head is screwed and shrunk on the
barrel. The cylinder is not disassembled except by the manufacturer.

(1) One of the most common head designs is the “pompadour” type
with fins running parallel to the air stream (fig. 19). The inner part of
the head where the combustion chamber is located is dome-shaped and
almost spherical. A spherical combustion chamber has little surface ex-
posed to heat for a given volume of intake charge. This reduces heat
loss through the cylinder head and makes the cylinder more efficient. Two
spark plugs also are located in the head to give uniform flame propaga-
tion and combustion.

(2) Intake-valve seats and guides are usually made of aluminum-
bronze alloy. On the exhaust side of the head, a high-temperature non-
corrosive steel is used which is tough enough to resist wear and the high
temperatures of the exhaust gases. The guides are readily replaceable,
but the seats usually are not replaced except in a major overhaul.

Figure 18. Cylinder Head.
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Figure 19. Radial Engine Cylinder Assembly.
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24. Crankcase

a. The crankcase is that part of the engine which supports and.incloses
the crankshaft, provides a reservoir for the lubricating oil, and acts as a
support for the oil pump, oil filter, and some of the other accessories.
It is common practice to cast the upper part of the crankcase as part
of the cylinder block. The lower part of the crankcase is the oil pan,
which is bolted to the bottom of the block. It is made of pressed or cast
metal (fig. 20).

b. The crankcase also supports the engine on the vehicle frame or on
a subframe constructed for that purpose. The engine supports are an
integral part of the crankcase or are bolted to it in such a way that they
support the engine at three or four points. The points of contact with
the frame are usually cushioned on rubber. The rubber insulates the
frame and body of the vehicle from engine vibration and noise and
prevents damage to the engine supports and transmission from engine
twisting and frame distortion.

25. Crankcase, Radial Engine

Whereas the in-line engine crankcase consisted of an upper and a
lower part, the radial engine crankcase is composed of five aluminum-
alloy castings fastened together with studs through flanges (fig. 21).
The crankcase forms the foundation on which the entire €ngine is as-
sembled and is composed of the front section, the front main-bearing
section, the main crank section, the diffuser section, and the accessory or
rear crankcase section.

a. FroNT SEcTION. The front section is the part which would be
nearest the propeller in an airplane and nearest the flywheel in an auto-
motive vehicle. Its design and construction are considered important in
airplane use because of the varied forces and vibrations caused by the
propeller; but in automotive use the principal concerns are that it is
oil-tight and gives rapid, uniform heat conduction. It houses the ball
thrust bearing (par. 33¢) and the crankshaft-driven front scavenger
pump, which picks up oil from the front of the sump and directs it
into the oil reservoir. '

b. FRoNT MAIN-BEARING SUPPORT SECTION. The front main-bearing
support section is simply a cast aluminum-alloy diaphragm which sup-
ports the front main roller bearing.

c. MaiN Crankcase SectioN. Construction of the main crankcase
section is particularly important as it holds the cylinders and is subjected
to considerable stress, especially if the engine is detonating. On the
main crankcase section are the cylinder pads, machined surfaces upon
which the cylinder flanges are mounted.

d. D1Fruser SEcTION. The rear side of the diffuser section forms the
front wall of the diffuser, which deflects the air stream from the im-
peller to the cylinders (par. 50a). The impeller is also mounted on the
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Figure 22. Piston, Piston Rings, Connecting Rod, and Conmecting Rod Bearings.
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diffuser section. It supports the impeller drive and two accessory-drive
idler gears. Three bushings in the diffuser section support the forward
ends of the starter shaft and two accessory drive shafts. These shafts
extend through the diffuser chamber to the accessory section.

e. Accessory SEcTION. The accessory or rear crankcase section sup-
ports the accessory drives and provides pads for mounting the various
accessories — magnetos, carburetor, starter, generator, fuel pump,
tachometer drive, and oil pump. The forward end of the section forms
the rear wall of the diffuser and provides the intake-pipe connections.
(par. 47).

26. Pistons

a. Fitted into the bore of the cylinder is a moveable piston which
receives the energy of force of combustion and transmits that energy
to the crankshaft through the connecting rod (fig. 22). Automotive
pistons ordinarily are made of cast iron or a steel or aluminum alloy.
They must be light, wear well, and have high tensile strength. At the
top and hbottom of the strokes of the cycle the piston must come to a
complete stop and start again in the opposite direction. Considerable
energy is required to overcome the inertia of the piston when it stops
and starts, and as the weight of the piston and the length of the stroke
affect the inertia, it is desirable to keep both factors as low as possible.
In order to reduce wegight, the head and skirt of the piston are made
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as thin as is consistent with the strength required. Ribs are used on
the underside of the piston to reinforce the head; they also assist in
conducting heat from the head of the piston to the piston rings and
out through the cylinder walls. Special ribs are used to reinforce the
piston-pin “bosses.” The radial-engine piston varies only slightly in
construction from the one used in the in-line or V-type engine. These
variations exist only because the radial-engine piston must have greater
cooling capacity and less weight and yet retain its strength. Because of
this, aluminum alloy is the favored material for radial-engine pistons.
Besides its rapid heat-conducting and strength characteristics, aluminum
is adaptable to several manufacturing processes as it is readily machin-
able. The forged piston is preferable for radial-engine pistons as it is
made of denser metal, which is less subject to warpage and better able
to withstand considerable stress and strain.

b. The piston is kept in alinement by the skirt, which is usually cam
ground, i.e.,, oval in cross section (fig. 23). This oval shape permits
the piston to fit the cylinder, regardless of whether the piston is cold
or at working temperature. Its narrowest diameter is at the piston-pin
bosses, where the metal is thickest. At its widest diameter, the piston
skirt is thinnest. The piston is fitted to close limits at its widest diameter
so that piston “slap” will be prevented during engine warm-up. As the
piston is expanded by the heat generated during operation, it becomes
round because the expansion is proportional to the amount of heat in

THE ELLIPTICAL SHAPE OF THE THE SKIRT OF THE PISTON
PISTON SKIRT SHOULD BE 0.010 SHOULD TAPER SO THAT THE
TO 0.012-IN. LESS AT DIAMETER DIAMETER AT (C) IS FROM
(A) THAN ACROSS THE THRUST 0.0005 TO 0.0015-IN.
FACES AT DIAMETER (B). LESS THAN AT (D).
RA PD 353294

Figure 23, Cam-ground Piston.
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Figwre 24. Piston Rings.

the metal. The walls of the skirt are cut away as much as possible to
reduce weight and to prevent excessive expansion during engine opera-
tion. Many aluminum pistons are made with split skirts so that when
the pistons expand, the skirt diameter will not increase. The two types
of piston skirts found in radial engines are the full trunk and the slip-
per. The full trunk has a full cylindrical shape with bearing surfaces
parallel to those of the cylinder, giving more strength and better control
of the oil film, The slipper type has considerable relief on the sides of
the skirt, leaving less area for possible contact with the cylinder walls
and reducing friction. The full-trunk skirt is more widely used.

¢. It is common practice today for some manufacturers to use pistons
that have been plated with a soft material like tin. The purpose is to
have the tin work into and fill the pores of the cylinder wall as the engine
is broken in. The result is a more perfect fit between the piston and
cylinder wall and a shorter breaking-in period. Aluminum pistons are
often “anodized” to make the outside surface harder.

Anodizing is a process whereby the piston is oxidized by electrolysis. It produces
an aluminum-oxide coating over the entire surface of the piston. This coating is
very hard and highly resistant to wear.
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Because of the softness of aluminum, pistons made of this material,
unless properly treated, may pick up gritty particles which will become
embedded in the piston, causing scratches and wear in the cylinder walls.

27. Piston Rings

Piston rings are used on pistons to maintain gastight seals between
the pistons and cylinders, to assist in cooling the piston, and to control
cylinder-wall lubrication. About one-third of the heat absorbed by the
piston passes through the rings to the cylinder wall. Although piston
rings have been made from many materials, cast iron has proved the
most satisfactory, as it withstands heat, forms a good wearing surface,
and retains a greater amount of its original elasticity after considerable
use.

More recently, piston rings are being plated with various metals to produce
better wearing qualities.

There are two types of piston rings: compression rings and oil-control
rings. These types of piston rings are shown in figure 24,

a. CompressioN RinNG. The principal function of a compression ring
is to prevent gasses from leaking by the piston during the compression
and power strokes. All piston rings are split to permit easy assembly
to the piston and to allow for expansion. When the ring is in place, the
ends of the split joint do not form a perfect seal ; therefore it is common
practice to use more than one ring and to stagger the joints around the
piston. If cylinders are worn, expanders are sometimes used to insure
a perfect seal.

b. O1L-coNTROL RING. The lowest ring about the piston pin is usually
an oil-control ring. This ring scrapes the excess oil from the cylinder
walls and returns some of it through slots to the piston-ring grooves.
The ring groove under an oil ring is provided with openings through
which the oil flows back into the crankcase. In some engines, an addi-
tional oil ring is in the skirt below the piston pin, thus providing better
control of the oil. Steel side plates are sometimes used on two-and three-
section oil-control rings.

28. Piston Pins

a. The piston is attached to the connecting rod by means of the piston
pin. The pin passes through the piston-pin bosses and through the upper
end of the connecting rod, which rides within the piston on the middle
of the pin. Piston pins are made of alloy steel with a precision finish
and are case-hardened and sometimes chromium-plated to increase their
wearing qualities.. Their tubular construction gives them a maximum of
strength with a minimum of weight. They are lubricated by splash
from the crankcase or by pressure through passages bored in the con-
necting rods.
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b. There are three methods of fastening a piston pin to the piston
and connecting rod (fig. 25).

(1) An anchored or “fixed” pin is attached to the piston by a screw
running through one of the bosses; the connecting rod oscillates on the

in.
P (2) A “semifloating” pin is anchored to the connecting rod and
turns in the piston-pin bosses.
(3) A “full-floating” pin is free to rotate in the conneciing rod and in
the bosses but is prevented from working out against the sides of the
cylinder by plugs or snap-ring locks.

29. Connecting Rods

a. The connecting rods connect the pistons with the crankshaft (fig.
22). They must be light and yet strong enough to transmit the thrust
of the pistons. Automotive connecting rods are drop-forged from a
steel alloy capable of withstanding heavy loads without deflection, i..,
bending or twisting. The connecting rod itself generally is made in the
form of an |-beam for lightness with maximum strength. Holes at the
upper and lower ends are machined to permit accurate fitting of bear-
ings. It is very important that these holes be parallel.

b. The upper end of the connecting rod is connected to the piston by
the piston pin. If the piston is locked in the piston-pin bosses or if it
floats in both piston and connecting rod, the upper hole of the connecting
rod will have a solid bearing (more commonly called a bushing) of
bronze or similar material. As the lower end of the connecting rod
revolves with the crankshaft, the upper end is forced to rotate on the
piston pin. Although this movement is not great, the bushing is necessary
because the temperatures and unit pressures exerted are high. If the
piston pin is semifloating, i.e., anchored to the connecting rod, a bushing
is not needed.

¢. The lower hole of the connecting rod is split to permit it to be
clamped around the crankshaft. The bottom part, or cap, is made of the
same material as the rod and is attached by two or more connecting-rod
bolts. The surface which bears on the crankshaft is generally a bearing
material in the form of a separate split shell although, in a few cases, it
may be spun or die-cast in the inside of the rod and cap during manu-
facture. The two parts of the separate bearing are positioned in the
rod and cap by dowel pins, projections, or short brass screws. The
shell may be all bronze or of Babbitt metal face-spun or die-cast on a
backing of bronze or steel. Split bearings may be of the precision or
semi-precision type.

(1) The precision type is accurately finished to fit the crankpin and
does not require further machining during installation. It is positioned
by projections on the shell which match reliefs in the rod and cap. The
projections prevent the bearings from moving sideways, but they per-
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Figure 25. Piston Pin Arrangements.

mit rotary movement after the bearing cap is removed, thus making it
possible to replace the bearing without removing the connectmg rod
from the engine.

(2) The semiprecision type is usually fastened securely to the rod
and cap. Prior to installation, it is machined to the proper inside
diameter with the cap and rod bolted together.

30. Crankshaft
a. FuNcrioN. The crankshaft might well be called the “backbone” of
the engine, as it ties together the reaction of all the pistons, transforms
the reciprocating motion of the pistons and connecting rods into rotary
motion, and transmits the resulting torque to the flywheel and clutch.
The crankshaft is a shaft with one or more throws along its length (fig.
26). The arrangement of the throws along the crankshaft is determined
by the desired firing order of the engine cylinders. The desired firing
order is regulated by the relationship of the camshaft and the crankshaft.
b. ConsTrUCTION. Crankshafts are first forged or cast from an alloy
of steel and nickel. The rough casting or forging is then machined. When
all the rough machining is completed, the nonbearing surfaces are plated
with a light coating of copper. When the plating process is completed,
the whole crankshaft is placed in a carburizing oven or an electro-
induction furnace, where surfaces of the crankshaft not coated with
copper become alloyed with the carbon, producing a thin, hard surface or
bearing area. This process is known as “case-hardening.” The crankshaft
is completed by grinding the case-hardened surfaces.
7520760—48—4
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c. THrROow ARRANGEMENT. Most crankshafts are similar in design.
Crankshafts for four-cylinder engines have either three or five points
of support (fig. 27). The four throws are in one plane, the throws for
cylinders No. 2 and No. 3 being advanced 180° over the throws for
cylinders No. 1 and No. 4. A crankshaft for an eight-cylinder V-type
engine would be of the same basic design. For better balance and
smoother operation, a variation of the V-type eight-cylinder crankshaft
has two throws on each bank advanced 90° over the other two throws.
Crankshafts for eight-cylinder in-line engines follow two general designs
(fig. 27). The first design has two identical four-throw arrangements
positioned end to end, with one set advanced 90° over the other. This
is known as a 4-4 shaft. In the other design, the 2-4-2 shaft, a set of
four throws is positioned between two sets of two throws each. The
end cylinders are advanced 90° over the center group. Crankshafts for
six-cylinder engines have either three, four, or seven points of support.
The throws for the connecting-rod bearings are forged in three planes
120° apart, with two throws in each plane. Throws No. 1 and No. 6 are
in the first plane, Nos. 2 and 5 are in the second, and Nos. 3 and 4 are
in the third (fig. 27). The crankshafts for 12-cylinder V-type engines
are basically the same as the shafts for 6-cylinder engines.

d. CRANKSHAFT STRESS. Any piece of rotating machinery has a certain
definite speed at which it will vibrate. In designing a crankshaft it is
sometimes possible to place this critical speed outside the speed range
of the engine. If not, the crankshaft must be heavy enough to withstand
the vibration. In severe cases of vibration, the crankshaft may break.
In order to run smoothly, a crankshaft must be statically and dynamically
balanced. Crankshaft deflection, caused by load stresses, will often throw
a shaft out of balance, especially at high speeds. To overcome vibration,
uneven balance, and load deflection, crankshafts are balanced by use of
weights. These weights may be forged as part of the shaft, as shown in
figure 26, or they may be bolted on.

e. TorstoNAL ViBrATION. Torsional vibration is a twisting vibration.
It wsually is noticeable in in-line six- and eight-cylinder engines with
long crankshafts. Assume that the crankshaft is made of rubber. When
the froent cylinder is fired, it would tend to turn the crankshaft very
rapidly, but the inertia of the flywheel would tend to prevent this rapid
increase in speed at the rear of the crankshaft. The result is a “winding
up” of the “rubber” crankshaft. As the force exerted by the front
cylinder decreases, the rubber crankshaft will “unwind” again. This
. repeated winding and unwinding sets up a twisting or torsional vibration.
Naturally, a steel crankshaft will not distort like rubber, but it distorts
enough to have torsional vibration.

(1) The slipping-flywheel type of vibration damper is a device devel-
oped to overcome torsional vibration (fig. 28). It consists of a small fly-
wheel which runs loosely on the front of the crankshaft. A friction clutch,
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having a slipping torque of about 150 Ib-in., tends to make this flywheel
rotate with the crankshaft. Normally, torsional vibration would result,
but the damper’s flywheel slips, preventing the winding up. When the
speed of rotation of the crankshaft and main flywheel is steady, the
clutch grips the flywheel, and both flywheel and crankshaft revolve
together. When the speed of rotation of the crankshaft is reduced, as it
is by the intake stroke, the crankshaft will tend to lag behind the main
flywheel and thus cause torsional vibration. In this case the flywheel
again slips, and the friction disks in the clutch will exert a force on the
crankshaft and help to bring it up to speed.

(2) Another type, known as a harmonic balancer, has a flywheel or
inertia weight mounted by means of leaf springs on the fan-drive pulley.
When the crankcase begins to vibrate torsionally, the weight also will
vibrate but, because of its inertia and type of mounting,its motion will
be out of phase with the crankshaft and will reduce the intensity
of vibration.

31. Crankshaft, Radial Engine

The crankshaft construction offers one of the pronounced differences
between radial and in-line engines. Radial-engine crankshafts are
classified as to whether the crank-throw section is solid or of two-piece
construction and as to the method of holding the sections together. There
are three distinct types of crankshafts: solid crankpin or throw, split-
clamp crankshaft, and split-spline crankshaft. The split-clamp type,
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Figure 28. Vibration Damper.

which permits use of a solid big-end master-rod bearing designed to
minimize distortion under heavy load, is the most common of the three
and will be described in more detail. It is a single-throw counterbalanced
assembly machined from steel forgings.

6. The split-clamp type has rear and forward sections (fig. 29). The
forward section consists of the shaft proper, the front crankcheek with
its counterweight, and the crankpin. The rear section of the shaft consists
of the rear crankcheek with its counterweight and the rear main-bearing
journal. The sections are alined during assembly by means of a special
alining bar, which is inserted through holes in the counterweight section.
The front and rear shanks are extensions of the rear and forward
sections of the crankshaft. The rear shank provides a place for installing
a main bearing to support the rear end of the crankshaft. It is extended
into a tail shaft for driving the accessories which are attached to the rear
section of the engine. The tail shaft is splined into the rear shank.

This set-up is varied in other crankshafts, such as the one in figure 29, where
there is no tail shaft.

The rear main bearing is the plain or friction type with a gear mounted
on it for driving the accessories. The gear is made in two parts, the
inside part being bolted to the crankshaft (fig. 30). Engagement with
the outer part is through springs which smooth out the power flow. The
front shank is integral with the front section and forms a single-piece
unit which includes the crankpin journal. The front shank is practically
uniform in section; it is provided with a spline for connection with the
fiywheel. The front main bearing is mounted close to the crankcheek;
the thrust bearing is mounted on the forward end of the crankcase front
section and as near the flywheel as possible.
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Figure 29a. Radial Engine Crankshaft Sections.

Pigwre 29b. Radial Engine Cromkshaft, Commecting Rods and Piston.



b. Radial-engine firing impulses are heavy, and the connecting rods
are concentrated on one throw. To counteract these heavy firing impulses,
weights must be located opposite the throw where the forces of the
connecting rods are exerted. Counterweights, forged as a unit with
crankshaft sections or manufactured separately, provide the necessary
opposing force, easing the load on the bearings. If the weights are
detachable, they may be made of either bronze or steel. Bronze, because
of its greater weight, is preferable where space within the crankcase is
limited. Bronze also is supposed to have a greater dampening effect on
the engine impulses. If not integral parts of the sections, the counter-
weights are riveted or bolted to the counterweight cheeks. They should
be removed only under direction of the manufacturer.

c. As the power impulses in a radial engine ooccur several degrees
apart, torsional vibration is set up in the engine. In order to dampen
these vibrations, the rear crankshaft counterweight is suspended on the
crankcheek so that it acts as a free-swinging pendulum moving in the
plane of crankshaft rotation. A typical damper consists of a movable
slotted-steel counterweight attached to the crankcheek (fig. 31). Two
spool-shaped pins extend into the slot and pass through oversized holes
in both the weight and the crankcheek. This difference in diameter between
the pins and the holes allows for the pendulum effect. The radius of the
pendulum is so short that its frequency corresponds to that of the power
impulses. The power impulses try to move the pendulum sideways in
the plane of rotation, independently of the cheek; but this tendency is
counteracted by centrifugal force due to crankshaft rotation. Centrifugal
force moves the pendulum outward to the limit allowed by the difference
in diameter between the pins and holes, and restores it to this position
when the engine impulses try to move it sideways. The pendulum
counterweight, therefore, applies counter-torque to each torque fluctua-
tion caused by an engine impulse.

32. Flywheel

a. The purpose of the flywheel is to store up energy necessary to
keep the crankshaft turning when it is not receiving power impulses
from the pistons. The size of the flywheel required, therefore, varies
with the number of cylinders and the general construction of the engine.
The flywheel rim carries a ring gear, either integral with the flywheel or
shrunk on, which meshes with the starter driving gear for cranking the
engine (fig. 32). The rear face of the flywheel is usually machined
and ground and acts as one of the pressure surfaces for the clutch,
becoming part of the clutch assembly.

b. When used in aircraft, a radial engine does not require a flywheel
because the propeller serves this purpose; when installed in an automo-
tive vehicle, a flywheel is very necessary. It is of cast-iron construction
like that used in the in-line or V-type engine; but on the circumference,
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Figure 30. Radial Engine Crankshaft Gear.

where the in-line engine has a ring gear to engage with the starter motor,
the radial-engine flywheel has a cooling fan connected (fig. 33). The
flywheel itself is splined on the crankshaft where the propeller would be
if the engine were in an airplane. There is no flange connecting the
crankshaft and flywheel as in the conventional types. The splines act as a
means of driving the flywheel. Longitudinal positioning of the flywheel
on the crankshaft is accomplished by two cones, one on either side of
the flywheel. The flywheel also acts as a housing for the clutch (if the
vehicle has one) rather than employing a separate housing as the in-line
engine does. Because the radial-engine clutch is subjected to such high
temperature in operation, there are holes in the flywheel to help in cooling
the clutch.

33. Main Bearings

a. The crankshaft of an engine rotates in “main” bearings. These
bearings are located at both ends and at a few intermediate points along
the crankshaft. In in-line engines, they are supported by “webs” in the
crankcase and, in high-speed automotive engines, are of the thin-shell
bronze- or steel-backed type (fig. 6).

b. One-half of the shell is fastened to the bottom or cap part of the
" bearing in the same way that a connecting-rod bearing is fastened to the
connmecting-rod bearing cap. The two-part precision shell bearing is
highly desirable because it can be easily replaced and does not require
scraping and fitting. It has one principal disadvantage, however, in that
it cannot be line-bored or reamed to allow for warpage of the crankshaft
or block; if there is warpage, certain bearing areas are subjected to
excessive wear. The precision bearing also is more expensive, but its
advantages more than offset its disadvantages. The principal load on the
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Figure 32. Flywheel.

main bearings is radial, but the small end-thrust load on the crankshaft
is taken up by a main bearing which is provided with lip or thrust faces
and acts as a combination radial and thrust bearing. The main bearings
are often channeled for oil distribution and may be lubricated with
crankcase oil. by pressure through drilled passages or by splash. To
prevent loss of engine lubricating oil, oil seals are placed at the main
bearings where the crankshaft extends through the crankcase.

¢. Various combinations of main bearings have been used to support
the crankshaft in a radial engine. However, the arrangement common
to radial engines in the automotive field rmakes use of two main bear-
ings, one on either side of the crankshaft throw, and a third bearing
located in the front section of the crankcase. The first main bearing is a
roller bearing in the main-bearing support section of the crankcase, where
it takes the radial load produced by engine power impulses. The other
main bearing is in the main crank section and is of the plain type. It
also takes the radial load caused by engine impulses. Both main bearings
are placed as near the crankshaft cheeks as possible to reduce chances
of crankshaft deflection during operation. If the shaft were supported
improperly and excess deflection occurred, dynamic unbalance would
result. The third bearing is a ball thrust bearing designed to take the
longitudinal thrust of the crankshaft.
34. Valve and Valve Seats

a. VALVEs (figs. 34 and 35). Every cylinder of any four-stroke cycle
engine must have at least one intake valve to permit the mixture to enter
the cylinder and one exhaust valve to allow the burned gases to escape.
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The type of valve usually used in automotive engines is called a poppet
or mushroom valve (fig. 34). The word “poppet” is derived from the
popping action of the valve, and the word “mushroom” from its general
shape. The valves usually are made in one piece from special alloy steels.
The intake valves ordinarily are made of chromium-nickel alloy and the
exhaust valves of silichrome alloy because of the extremely high
temperatures that they must withstand. In some engines, especially the
air-cooled types, the exhaust valve contains sodium in a sealed cavity
extending from the head through the stem (fig. 35). The sodium conducts
heat away from the head to the stem, from where it is conducted to the
valve guide, thus aiding in cooling. When worn out, sodium-filled valves
should be disposed of in accordance with existing regulations.

b. VALVE SeaTs. The valve seat is the face of the cir¢ular opening
leading into the combustion chamber of the cylinder (fig. 34). There are
at least two such openings or ports in each cylinder, to which are
connected the intake and exhaust manifalds. Since exhaust-valve seats
are subjected to intense heat, valve grindings and reseatings are necessary
from time to time to renew the seating surfaces. Regrindings can be’
minimized by using nickel-chrome cast-iron alloy in the cylinder castings
or by using valve-seat inserts. These inserts are rings of special alloy
fitted into place in the cylinder block or cylinder head. Inserts can be
used with both exhaust and intake valves but are more frequently used
with exhaust valves only.

¢. VALvE GumEs. Valve stems are ground to fit the guides in which
they operate. The reamed hole in the guide must be alined and square
with the valve seat to insure proper seating of the valve face (fig. 34).

Figure 33. Radial Engine Flywhcel with Cooling Fan.



RA PD 310014
Figure 34. Valve Operating Mechanism.

The guides may be integral parts of the cylinder block or cylinder head,
depending on the type of valves used, or they may be removable sleeves
which can be replaced when worn. Removable valve guides are usually
made of cast iron. Valve heads and seats are cooled by the transfer of
heat to adjacent metals, which are cooled by the surrounding water.

35. Valves and Valve-operating Mechanism, Radial Engine

The poppet-valve: system is the prevalent type in radial engines, just
as it is in in-line engines. The valves of a radial engine are opened
positively by a cam ring instead of a camshaft as in the in-line engines
and are closed by spring action (figs. 36 and 37). The flow of the force-
opening the valves is as follows: the cam lobe works against a roller
on the cam follower; the cam follower, in turn, forces the push rod up
through a ball socket which fits in the top of the follower; the push
rod actuates the rocker arm, which opens the valve by means of a roller
acting on the tip of the valve stem. The cam followers are of hardened
steel and are a close sliding fit in the follower guides to prevent oil
leakage. The ball socket is also a close sliding fit in the cam follower
and is held against the pushrod and by a coil spring in the cam follower.

a. The cam ring may be mounted on a shelf which is part of the
crankcase construction or on a sleeve which contains a hub of suitable
bearing material. It is a unit made up of a hardened-steel ring with a
double row of cam lobes, one for intake valves and one for exhaust, and
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either an external or internal spur gear. All parts of the unit are fixed
and do not change position relative to each other. The number of lobes
is determined by the number of cylinders and the direction of rotation
of the cam ring. The spur gear is not connected directly to the crank-
shaft gear but is driven from a pinion on the starter shaft (fig. 36). In
a nine-cylinder engine, the cam ring operates at about one-tenth or one-
eighth crankshaft speed, the speed of rotation being determined by the
direction of rotation of the cam ring in relation to the camshaft and the
number of lobes on the cam ring. The cam-ring lobes have a ramp on
each side to take up clearance in the push-rod assembly and to reduce the
shock which oocurs when the cam follower contacts the lobe. The clear-
ance is caused by the elongation of their air-cooled cylinders due to the
high temperatures of operation. As the cylinders elongate, they move the
rocker boxes farther from the crankcase but the length of the push rod
increases only a small amount. The difference accounts for the clearance
that is built up when the engine is hot. This, of course, must be taken
into consideration in setting valve clearances and explains why a radial
engine must be warmed up properly before a load is applied. Otherwise
the valve timing would vary considerably from the specified requirements.

b. Except for size, radial-engine valves are basically the same as
those used in in-line engines. They are made of nickel-steel alloy forgings
(fig. 35). The intake-valve stem usually is much smaller than the
exhaust-valve stem and is solid. Because it is exposed to large quantities

FULL TULIP EXHAUST i TULIP INTAKE
I SEMITULIP EXHAUST H
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Fsgure 35. Valve Types.
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Figure 36. Radial Engine Gear Trains.

of high-temperature gases, the exhaust valve is heavier; its stem is
hollow and usually is filled with metallic sodium for cooling. The valves
in a radial engine open and close rapidly and with more force than the
ordinary in-line engine valves, so the mating surfaces on the valve faces
and seats must resist more pounding. For these reasons, the seats are
much wider than those of the in-line engine. In addition, the exhaust-
valve faces usually have a coat of stellite,-a material highly resistant to
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heat and wear. A layer of stellite also is used on the tip of the valve
stem where it contacts the rocker-arm roller. Most radial-engine valves
are of the “tulip” type, so-called because of their tulip shape (fig. 35).
The neck section is heavy, an aid in resisting higher temperatures, and
the head is shaped so that stresses are more tensile. It uses a 45° face
angle, which gives the advantage of better seating and heat-conducting
qualities. Another recent type is the hollow-head mushroom valve. Its
construction is supposed to eliminate any tendency of the valve to bounce,
and it uses a 30° face angle, which gives better air-flow efficiency.

c. The valve springs are made of high-grade steel wire. They are
wound in a helical shape with a flat coil on each end bearing against
retaining washers. Two or three springs are used to close the valves
although one would be enough if that were their only purpose; the
additional springs prevent harmonic vibrations and bouncing of the valve
and are a safety factor (fig. 37).

36. Radial Engine Gear Train

A gear attached to the rear end of the crankshaft drives all engine
accessories, including the valve-operating mechanism, impeller, and
starter (fig. 36). The various gear trains are protected against the shock
of sudden acceleration by a flexible-spring drive between the crankshaft
and its gear. The crankshaft gear, impeller drive pinion, and the starter
drive gear, all house between the diffuser section and the main crank-
shaft section, mesh directly. The so-called accessories, which include the
magnetos, fuel pump, oil pump, tachometer, governor and generator, are
driven through idler gears that mesh with the starter drive gear. The
shafts for these gears and the starter shaft extend rearward through
the diffuser section to the rear or accessory section.

a. The starter gear is splined on the starter shaft. Gear and shaft are
clamped together in most models by the starter-shaft bolt which carries
the cam drive pinion on its forward end and passes through the entire
length of the shaft. A spur gear at the rear of the starter shaft meshes
through an idler gear with the generator drive.

b. The accessory drive shafts are of two-piece construction, consisting
of a separate shaft and separate magneto coupling which is a spline fit
on the shaft. A screw through the center of the coupling is used for
retaining it on the shaft. The magnetos are driven directly from these
shafts. The right-hand accessory drive shaft drives the tachometer drives,
fuel-pump drive, and right-hand magneto drive. The left-hand accessory

drive shaft drives the oil pump and the left-hand magneto drive. A three-
* way accessory drive may be mounted on the engine accessory section in
place of the fuel pump. On an airplane it would be used for the fuel
pump, vacuum pump, and propeller governor drives. However, only the
fuel pump is required in automotive usage.
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CHAPTER 5
GASOLINE FUEL SYSTEMS

Section . CHARACTERISTICS OF GASOLINE

37. Source

Petroleum is the most common source of fuel for modern internal
combustion engines. It contains two important elements (carbon and
hydrogen) in such proportions that they will burn freely in the presence
of oxygen and will liberate heat energy. Petroleum actually contains
more potential energy than dynamite. A gallon of dynamite would drive
an automobile 3 miles; the same amount of gasoline would drive it 18
miles. Gasoline is the most popular petroleum-base engine fuel because
it is best suited to engine operation. It has many advantages, two of
which are better rate of burning and easy vaporization to give quick
starting in cold weather. Second in quantity used is Diesel fuel, which
will be described in another chapter. The major characteristics of gasoline
are volatility, purity, and antiknock quality. They are all worth considera-
tion, as any one of them will affect the efficiency of engine operation.

38. Volatility

Volatility, as applied to gasoline, is its tendency to change from liquid
to vapor at any given temperature. The volatility of gasoline affects ease
of starting, length of warming-up period, and engine performance during
normal operation. All liquids tend to vaporize at atmospheric tempera-
ture, but their rates of vaporization vary. Rate of vaporization increases
as the temperature rises and as pressure goes down, temperature being
the more important factor. For practical consideration, it may be stated
that a highly volatile fuel will vaporize at atmospheric temperatures
whereas a fuel of low volatility will vaporize at high temperatures. To
understand volatility, it is advisable to study its automotive applications
with regard to starting ability, vapor lock, crankcase dilution, and fuel
distribution.

a. STARTING ABILITY. To start readily, an engine must have a burnable
fuel mixture in the combustion chamber at the moment of starting.
Ordinarily, the proper mixture is about 15 parts of air to 1 part of fuel -
by weight, but when an engine is cold some of the vaporized fuel
condenses and collects in the manifold. More fuel must be added to make
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RA PD 354319
Figure 38. Normal Burning Process.

RA PD 354320
Figure 39. Detonation or “Knocking.”

RA PD 3854321
Figure 40. Preignition.

enough fuel available for starting and operation until the engine reaches
operating temperature. The air-fuel ratio must actually be about 1%
to 1 in order to obtain 15 parts of air to 1 part of combustible fuel. This
change in ratios is accomplished by the choke in the carburetor. Starting
in cold weather is facilitated by using fuels of higher volatility.

b. Varor Lock. One of the difficulties experienced in using highly
volatile fuels, especially in hot weather, is vapor lock. When a fuel has
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a tendency to vaporize at normal atmospheric temperatures, it forms so
much vapor in the fuel lines that action of the fuel pump results impul-
sation of the vapor rather than flow of fuel. To avoid vapor lock, heat-
insulating materials or baffles are often placed between the carburetor
and manifold or between the exhaust pipe and fuel lines. Hot-weather
grades of gasoline are blended from low-volatility fuels to lessen the
tendency toward vapor lock.

¢. CRANKCASE DiLutioN. When cold weather or overchoking leaves
an excessive amount of fuel unvaporized, another undesirable condition
results. The fuel that is not vaporized seeps by the piston and piston
rings and into the crankcase during the warming-up period. This dilutes
the oil in the crankcase and destroys its lubricating qualities; the
condition is known as crankcase dilution. It can be overcome if engine
operating temperatures are high enough to cause the gasoline to be
-vaporized in the crankcase, the vapors being withdrawn through a
ventilating system (par. 104).

d. Fuer DistriBuTioN. When fuel is not distributed evenly to all
cylinders, the engine will run unevenly and power output will decrease.
To insure good distribution, the fuel must be completely vaporized and
mixed with air in the manifold before entering the cylinders. Quick,
smooth aoceleration also depends on a fully vaporized fuel mixture
entering the combustion chamber.

39. Purity _

Petroleum contains many impurities that must be removed during the
refining process before gasoline suitable for automotive use is produced.
At one time considerable corrosion was caused by the sulfur inherent
in petroleum products, but modern refining procedure has made it almost
negligible. Another problem was the tendency for the hydrocarbons in
gasoline to oxidize into a sticky gum when exposed to air, which resulted
in clogged carburetor passages, stuck valves, and other operational
difficulties. Chemicals that control the gumming tendency are now added
to the gasoline. Dirt grease, water, and various other chemicals also must
be remoyed to make gasoline an acceptable fuel.

40. Antiknock Quality

a. ComBUSsTION PRrOCESS. In order to appreciate the contribution that
antiknock quality makes toward an effective fuel, it is necessary to
understand certain fundamentals of combustion. The burning or combus-
tion process can be divided into three stages (fig. 38) : nucleus of flame,
hatching-out, and propagation.

(1) Nucleus of flame. As soon as a spark jumps the gap of the spark-
plug electrodes, a small ball of blue flame develops in the gap. This ball
is the first stage, or “nucleus of flame.” It enlarges very slowly and,
during its growth, there is no measurable pressure created by heat.
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(2) Haotching-out. As the nucleus enlarges, it develops into the
“hatching-out” stage. The nucleus is torn apart so that it sends fingers
of flame into the mixture in the combustion chamber. This causes enough
heat to give just a slight rise in temperature and pressure in the entire
air-fuel mixture. Consequently, a lag still exists in the attempt to raise
pressure in the entire cylinder.

(3) Propagation. It is during the third, or propagation, stage that
effective burning occurs. The flame now burns in a “front” which sweeps
across the combustion chamber, burning rapidly and causing great heat
with an accompanying rise in pressure. This pressure causes the piston
to move downward. The burning during normal combustion is progres-
sive. It increases gradually during the first two stages, but during the
third stage the flame is extremely strong as it sweeps through the
combustion chamber. However, there is no violent or explosive action
such as when detonation, ordinarily responsible for “pinging” or
“knocking”, occurs.

b. DETONATION. If detonation takes place it occurs during the third
stage of combustion. The first two stages of burning are normal; but in
the propagation stage, flame sweeps from the area around the spark plug
toward the walls of the combustion chamber. Parts of the chamber that
the flame has passed contain inert nonburnable gases, but the section not
yet touched by the flame contains highly compressed heated combustible
gases. As the flame races through the combustion chamber, the unburned
gases ahead of it are further compressed and are heated to high
temperatures. Under certain conditions, the extreme heating of the
unburned part of the mixture may cause it to ignite spontaneously and
explode. This rapid uncontrolled burning in the final stage of combustion
is detonation (fig. 39). It is caused by the rapidly burning flame, front
compressing the unburned part of the mixture to the point of self-
ignition. The wave front of the mixture collides with the normal wave
front and makes an audible knock.

(2) Detonation may harm an engine or hinder its performance in
several ways. It is, in effect, an uncontrolled explosion, causing the
confined gases in the combustion chamber to rap against the cylinder
and head walls. “Knock” or “ping” results. In extreme cases, pistons
have been shattered, rings broken, cylinders burst, or heads cracked.
Other effects of detonation may be overheating, broken spark plugs,
overloaded bearings, high fuel consumption, loss of power, and frequent
need for overhaul.

¢. OctaNE RATING. (1) The ability of a fuel to resist detonation is
measured by its octane rating.. The octane rating of a fuel is determined
. by matching it against mixtures of normal heptane and iso-octane in a
test engine and under specified test conditions until a mixture of the pure
hydrocarbons is found which gives the same degree of knocking in the
engine as the gasoline being tested. The octane number of the gasoline
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is, then, the percent of the iso-octane in the matching iso-octane normal-
heptane mixture. For example, a gasoline rating 75 octane is equivalent
in its knocking characteristics to a mixture of 76 percent iso-octane
and 25 percent normal heptane. Thus, by definition, normal heptane has
an octane number of zero and iso-octane has an octane number
of 100. .

(2) 1t should be understood that the tendency of a fuel to detonate
varies in different engines and in the same engine under different operat-
ing conditions. Octane number has nothing to do with starting qualities,
potential energy, volatility, or other major characteristics. Engines are
designed to operate within a certain octane range. Performance is
improved with the use of higher octane fuel within that range if the
spark setting is changed accordingly. However, if an engine operates
satisfactorily at the upper limit of its fuel’s octane-rating range, it will
not improve its performance if fuel that exceeds the designed octane
range is used.

(3) Tetraethyl lead is the most popular of the compounds added to
gasoline to suppress knocking. Improved refining methods also have
produced fuels of greater antiknock quality. Tetraethyl lead and other
antiknock compounds are effective because they reduce the rate of
burning of the fuel thus tending to prevent explosive burning or detona-
tion. It takes only a small amount to produce the desired results. Most
automotive fuels contain tetraethyl lead in amounts varying up to 3 cubic
centimeters per gallon.

d. OTHER CAusks FOR KNoOCKING. (1) Low-octane fuel is not the only
reason for detonation. Anything which adds “heat” or pressure to the
last part of the mixture to burn within a cylinder will aggravate detona-
tion. That is why the compression ratio of a gasoline engine has an
upper limit. When the ratio is raised too high, the immediate result is
detonation due to the excessive heat caused by additional compression.
Under certain conditions, preignition, excessive spark advance, lean fuel
mixture and defective cooling systems are a few of the many causes
of detonation.

(2) Detonation is not to be confused with preignition (fig. 40).
Detonation takes place late in the burning process after the spark has
occurred. Preignition, however, is an igniting of the fuel mixture during
compression before the spark occurs and is caused by some form of
hot spot within the cylinder, for example, an overheated exhaust-valve
head, hot spark plug, or an incandescent piece of carbon. Preignition
may lead to detonation, but the two are separate and distinct events.
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Figure 41. Fuel Tank.

Section Il. FUEL-SYSTEM COMPONENTS
41, Fuel System

A gasoline-engine fuel system consists of a storage tank for fuel, a
mechanism for delivering the fuel from the tank to the carburetor, a
carburetor to mix the fuel with air before entry into the engine, an intake
manifold to distribute the air-fuel mixture to the cylinders, and an
exhaust manifold to dispose of exhaust gases after combustion. Also
included in the system are the fuel gage, filter, air cleaner, and tubing?
Because of the many variations in the Diesel engine, especially in
connection with the fuel injector system, Diesel fuel systems will be
described separately (see chapter 6). The radial-engine fuel system
differs little from the in-line and V-type engine systems. The basic
components of the two systems are the same. The radial-engine vehicle
has a storage tank for the fuel and a pump for delivering it to the car-
buretor. The carburetor does not have a choke circuit as described for
the in-line engine, but the radial-engine has a primer system, which is not
part of the carburetor, to perform the same function. Intake pipes, rather
than a manifold, distribute the air-fuel mixture to the cylinders, and the
distribution is aided by an impeller unit. The fuel gage, air cleaners,
filters, and necessary tubing make up the rest of the system.

42. Fuel Tanks and Gages on Tanks

The fuel tank (fig. 41) may be located at any convenient point on the
vehicle. As fuel is supplied to the carburetor at pressure above atmos-
pheric, the position of the tank has little effect upon the quantity of fuel
forced into the carburetor, The tank, usually made of thin-gage metal,
is covered with terneplate (lead and tin alloy) to prevent corrosion. It
has an inlet for refilling the tank and an outlet in the top or side leading
to the fuel pump. The outlet pipe, fitted for the fuel-line connection,
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extends down into the tank to about one-half inch from the bottom. This
prevents sediment that may accumulate in the bottom of the tank from
being drawn into the fuel line. Baffle plates in the tank serve more than
one purpose. They reinforce the sides and bottom; and they prevent
fuel from surging or splashing, which would hasten evaporation, break
the fuel down chemically, and produce static electricity. Notches or
perforations in the baffle plates permit fuel to flow freely through the
compartments. There is a drain plug for draining and cleaning the tank.
Several fuel tanks (usually four) comprise the conventional arrangement
in automotive vehicles equipped with radial engines. If the vehicle is a
tank or a gun motor carriage, two vertical fuel tanks are in the front
corners of the engine compartment and two horizontal tanks are in the
sponsons, one on either side of the engine compartment. Their combined
capacity is about 175 gallons. The fuel-tank body, top and bottom, is
made of 12-gage (0.019”) copper bearing steel with a basic welded
construction. Internal baffles serve the same purpose they do in ordinary
tanks. The tanks are vented by a small hole in each filler cap. There are
two main shut-off valves, each one controlling the flow of fuel from
Qulkhead to indicate the amount of fuel in all tanks. Early types of fuel
gages were mechanically operated, and the indicator was incorporated
as a single unit within the tank with the fuel-tank float and operating
mechanism. The modern type has the operating mechanism and float
within the tank, but the indicator is on the instrument panel. Most modern
gages are electrically operated.

Figure 42. Fuel Filter.
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43. Fuel Filter

The fuel filter may be located at any point between the fuel tank

and the carburetor, but the most common type is usually located between
the fuel tank and fuel pump.
_ a. The filter often is an integral part of the pump, especially if it is
the sediment-bowl type. Fuel enters the glass bowl and passes up
through the filter screen before flowing through the outlet; any water
and solid matter caught by the screen falls to the bottom of the bowl,
where it can be removed (fig. 43).

b. Another type of filter is made of a series of laminated disks placed
within a large bowl which acts as a settling chamber for the fuel and
incloses the disks or strainers (fig. 42). Fuel enters the filter at the top
inlet connection and flows down, goes between the disks, and then up
a central passage to the outlet connection at the top. Dirt and foreign
matter cannot pass between the disks and are deposited at their outer
rim. The clearance between the disks (0.003”) also is small enough to
prevent the passage of water. This is possible because water, when
present in gasoline, forms small globules that are too large to pass
between the disks. Some commercial vehicles use a filter with a ceramic
element, but the metal-disk type is the most common in Army vehicles.

44, Fuel Pump

The fuel pump must deliver sufficient fuel to supply the requirements
of the engine under all operating conditions. It must also maintain
enough pressure in the line between the pump and carburetor to keep
the fuel from boiling and to prevent vapor lock. Fuel pumps usually
are classified as positive or nonpositive. The positive type (par. 70)
continues to pump fuel even when the carburetor bowl is filled ; therefore,
a method of bypassing the fuel back to the supply tank must be pro-
vided. The nonpositive pump delivers fuel to the carburetor only when
it is required.

a. The pump ordinarily used on in-line gasoline engines is a diaphragm
nonpositive type. Ordinarily, it is actuated mechanically although elec-
tricity may be used. The rotation of an eccentric on the camshaft
actuates the rocker arm, which pulls the pump lever and diaphragm
down against the pressure of the diaphragm spring (fig. 43). This
creates a pressure differential in the pump chamber, which permits
gasoline from the tank to be forced through the filter and inlet valve
into the chamber. The diaphragm is moved up on its return stroke by
the pressure of the diaphragm spring, and gasoline is forced through
the outlet valve to the carburetor. When the carburetor bowl is filled,
a back pressure is created in the fuel-pump chamber, holding the dia-
phragm down against the pressure of the diaphragm spring. It main-
tains this position until the carburetor needs more gasoline. The rocker
arm and the pump lever are in two pieces which operate as a single
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Figure 43a. Fuel Pump.

Figure 43b. Fuel Pump With Integral Filter Bowl.

part when the diaphragm is moving up and down. However, when fuel
is not required and the lower part of the rocker arm is held down at
one end by the diaphragm pull rod, only the upper part operates in the
normal way. This is possible because the rocker arm operates against
the lower part only in the downward direction. Upward movement of
both parts is by spring pressure. It is this feature of operation which
makes the pump nonpositive.

69



€OTLYC ad V¥
‘Wassv
‘WISSY WOVIHd'

or

Nid Wi

‘WISSY WOWVIHJ'
©1vas 9Ol

13
Ol

4a1s00g MMIDA YA duind 1md by 2mBy]

70



INLET OUTLET

RA PD 354322
Figure 45. Vane-type Fuel Supply Pump.

b. Some mechanically actuated pumps have a vacuum booster section
(fig. 44) built in them to provide positive windshield-wiper operation at
all times. This overcomes failure of the wiper on acceleration and under
full throttle. The booster section operates the windshield wiper only; it
has nothing to do with the fuel system except that it is operated by the
fuel-pump rocker arm. The booster-unit diaphragm is pushed down
when the rotation of the camshaft eccentric actuates the rocker arm.
Movement of the diaphragm down expels air from the chamber through
the exhaust valve which opens to the intake manifold. On. the return
stroke of the rocker arm, the spring moves the diaphragm up, creating
a vacuum in the chamber and opening the intake valve. Air then comes
through the inlet passage from the windshield wiper. When the wiper
is not being used, the vacuum in the manifold holds the diaphragm down
against spring tension. The diaphragm remains practically stationary,
not making a complete stroke for every stroke of the rocker arm. When
the intake-manifold vacuum is greater than the vacuum created by the
pump, the air will flow from the windshield wiper through both valves
of the pump. Operation of the wiper is the same as if there were no
pump. It is when intake vacuum is low that the pump works. The
vacuum it creates will then operate the wipers. This situation occurs
during acceleration and at full-throttle speeds.

¢. The radial-engine fuel pump is usually driven from the accessory-
drive gear train but may be driven by any one of several methods. The
pump most frequently used is the eccentric sliding-vane type (fig. 45).
although a diaphragm type similar to that described in paragraph 70b
has appeared on some later models. The two-vane positive-displacement
spring-loaded pump is the prevalent vane type. It consists of an eccentric
rotor into which are inserted two vanes pressed against the walls of the
pump bore by a spring between the vanes.

45. Air Cleaner

Air cleaners are placed at the air intake of carburetors to remove
dust so that clean air is delivered to the ¢ylinders. Dust is highly abra-
sive and can cause considerable damage to the pistons and the cylinder
walls. Some air cleaners serve the additional purposes of arresting
flames caused by carburetor backfire and preventing the hissing sound
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made by air entering the carburetor. Two types of air cleaners are used
today—the wet type and the dry type.

a. WET Type. The most common wet type is the oil-bath cleaner,
consisting of a main body, a unit filled with copper gauze, and a cover
plate with a felt pad (fig. 46). Air entering the cleaner has to pass
through small ports at the top of the main body and down between the
main body and the copper gauze. Here the air makes a 180° turn and
passes over a bath of oil. It then passes up through the oil-soaked
copper gauze, where the fine particles are filtered out. The air itself
soaks the copper gauze with the spray it picks up as it passes over the
oil bath. After the air passes through the copper gauze, it hits the cover
plate and is deflected down through a passage to the carburetor. If a
backfire occurs, the flame is snuffed out by the felt pad before any
damage results.

b. Dry Tvyee. The ordinary type of dry air cleaner uses a filter
(fig. 47). Others employ inertia and centrifugal principles. The dry air
cleaner consists of a body, baffle plates to silence incoming air, loosely
knitted copper gduze, and a cover plate with a felt pad. The incoming
air passes through a series of baffles, where dust and dirt are removed,
and then out into the carburetor. '

¢. The radial engine is equipped with two oil-bath type air cleaners
similar to those described previously in this paragtaph. Air enters the
cleaners through the upper air-intake tubes, passes through a stationary
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Figure 46. Wet-type Air Cleaner.
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Figure 47. Dry-type Air Cleaner.

and a prefilter element, is cleaned by the oil in the oil cup, and is passed
out through the lower intake tubes to the carburetor. The dirt collected
drains to the bottom of the oil-cup.

46. Intake Manifold

a. The intake manifold distributes fuel as evenly as possible to each
cylinder, prevents condensation, and assists in further vaporization of
the fuel mixture. Smooth and efficient engine performance depends
on whether or not mixtures that enter each cylinder are uniform in
stiength, quality, and degree of vaporization. That is partly the job of
the intake manifold. The ideal fuel mixture is completely vaporized
when it goes into the combustion chamber. Complete vaporization re-
quires high temperature, and high temperature increases volume and
decreases the volumetric efficiency of the engine. Therefore, the best
alternative is to introduce a fuel mixture into the manifold that is
vaporized above the point where fuel particles will be deposited and
below the point where excess heat results in power losses. Intake mani-
folds must be designed carefully to help meet these requirements. When
two cylinders fire consecutively, the intake manifold must prevent fuel
from being cut off from the cylinder firing second. This cut-off would
be caused by the pressure differential set up by the intake of the first
cylinder that fired. The walls of the manifold must be smooth and
offer no obstruction to the flow of the fuel mixture. Design also should
prevent collecting of fuel at the bends in the manifold (fig. 48).

b. The intake manifold should be as short and as straight as possible
to reduce the chances of condensation between the carburetor and
cylinders. To assist in vaporization of fuel, some intake manifolds are
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Figure 48. Intake and Exhoust Momifolds.

RA PD 354324
Figure 49. Operation of Intake Manifold Hot Spot.

constructed so that part of their surface can be heated by hot exhaust
gases. A valve is placed in the exhaust manifold, which deflects the
gases toward the hot spot in the intake manifold when the temperature
around the engine is low (fig. 49). As the temperature rises, gases
are passed directly through the exhaust manifold without coming in
contact with the hot spot. All fuel in the intake manifold must pass over
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the hot spot before entering the cylinders. However, it does not contact
the entire mixture at once, which helps keep the temperature down.
Because of the hot spot, unvaporized particles that remain in the fuel
mixture tend to vaporize instead of being carried into the cylinders as
liquid particles. This additional vaporization of fuel is especially impor-
tant during cold weather because it eliminates the need for excessive
choking during the warm-up period.

41. Intake Pipes (Induction Tube), Radial Engine

In radial engines, individual intake pipes connect the diffuser section
to the intake ports of the cylinders and are constructed of a thin light
alloy or steel tubing. In figure 50 it will be noted that the intake-pipe
cylinder end is a symmetrical curve to provide a minimum of restriction
to the flow of the incoming fuel mixture. The lower end of the intake
pipe is inserted into the tangential ports of the diffuser section and is
made gastight by a rubber ring and a locking nut (fig. 19). This
arrangement permits the intake pipe to move with the elongation and
contraction of the cylinder. It prevents any distortion of the pipe. The
intake pipes also function as vaporization chambers, and any fuel remain-
ing in the liquid state vaporizes either in the pipes or the hot cylinders.

48. Exhaust Manifold

The exhaust manifold (fig. 48) carries waste products of combustion
from the cylinders. This must be accomplished with as little back
pressure as possible. Exhaust manifolds may be single iron castings or
may be cast in sections. They should have smooth interior surfaces and
no abrupt changes in size. The shape of the exhaust manifold has an
appreciable effect on the scavenging action of the engine, and for best
results no more than three cylinders should be connected to one manifold.
On a radial engine, the exhaust manifold is in different form although
serving the same purpose. The exhaust manifold usually is in two seg-
ments (fig. 51) installed on the rear of the engine. Tangential pipes
lead from the exhaust ports of each cylinder to two main pipes which

provide outlets, one on each side of the engine. .
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Figure 50. Radial Engine Intake Pipe.
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Figure 51. Radial Engine Exhaust Manifolds.

49. Muffler

The purpose of the muffler is to reduce the pressure of exhaust gases
and to discharge them to the atmosphere with a minimum of noise. It is
used near or at the end of the exhaust pipe (fig. 52). A typical w.uffler
has several concentric chambers with openings between them. The gas
enters the inner chamber and expands as it works its way through a
series of holes into the other chambers and finally to the atmosphere.
Mufflers must be designed to avoid back pressure which would reduce
engine power and speed and cause engine overheating. The most com-
mon cause of back pressure is deposits of oil and carbon which clog
muffler passages.

50. Distribution Impeller

a. On engines equipped with a large number of cylinders, the uniform
distribution of the fuel mixture becomes a greater problem, especially
at high engine speeds when full advantage should be taken of larget
air capacity. The fuel, as atomized into the air stream which flows in tht
induction system, consists of small globules or droplets. Partial vaporizas
tion takes place at this time, and the air temperature falls, due to thf
absorption of the heat of vaporization. The final vaporization takq '
place when the mixture enters the cylinders, where higher temperaturd
prevail. The air entering the carburetor drops in temperature because d
the cooling effect of the partial vaporization of the fuel at the carburetd ]
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Figure 52. Muffler and Exhaust Pipe.
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Figure 53. Impeller, Diffuser Ring and Oil Cage.

discharge nozzle. The problem becomes one of uniformly breaking up

and distributing the fuel remaining in globular form to the various
cylinders, regardless of variation of piping arrangement and cylinder
pressures.

b. The impeller unit (fig. 53) is located between the carburetor and
the intake pipes and is built as an integral part of the engine. It is
turned at high speed (usually 10 to 1, relative to the crankshaft speed)
by a gear train driven by the crankshaft gear. The fuel mixture enters
the impeller at the center and is thrown outward at high velocity by

" centrifugal force into the diffuser chamber, & narrow, annular (ring-

shaped) passage surrounding the impeller and formed by the space
between the accessory section and the diffuser section of the crankcase

7520760—48—6
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Figure 54. Centrifugal Governor.

assembly. From the diffuser chamber, the mixture flows into the dis-
tribution chamber or manifold ring, which extends around the entire
diffuser assembly.

¢. The impeller is profiled out of a solid duralumin forging, and the
vanes are curved in such a manner as to strike the mixture at an angle in
order to reduce shock load. It usually is fitted with a steel hub containing
splines which fit on the splined impeller shaft. Due to the temperature
drop accompanying vaporization, the remaining fuel is in a globular form
when it strikes the impeller blades. The centrifugal force of the impeller
will break it up considerably, permitting the fuel to come in contact
_ with air more easily; the heat rise due to partial compression of the
mixture in the diffuser chamber also aids vaporization. The impeller
therefore puts the mixture in a gaseous form and increases its distribu-
tion to the cylinders.

d. The distribution impeller is commonly referred to as a supercharger,
although the principal purpose of a supercharger is to put enough pres-
sure on the air-fuel mixture so that the engine will be supplied with a
greater weight of fuel mixture than would be induced normally at the
prevailing pressure. This, of course, increases the volumetric efficiency
and power output of the engine. The distribution impeller does put a
‘slight pressure on the air-fuel mixture, but only at high speeds. Its
main job is to aid vaporization and to distribute the fuel mixture equally
to all cylinders.
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51. Governor

Governors are used on automotive vehicles to regulate maximum
engine speed to prevent excessive wear. Experiments have proved that
the rate of wear increases by the square of the engine speed. In higher
speed ranges, a change of a few hundred revolutions results in a greatly
disproportionate amount of wear. That is why it is advisable to control
maximum speeds. Two common types of governors are centrifugal and
velocity, or vacuum, governors.

a. CENTRIFUGAL. In its basic form, a centrifugal governor is made up
of two weighted arms pivoted on a spindle which is connected by suitable
linkage to a throttle valve. This is shown schematically in figure 54.
A flexible drive shaft, driven from the camshaft or an accessory drive
of the engine, causes the rotation of the spindle. The throat in which
the valve operates is bolted to the carburetor throat so that any action
of the weighted arms on the throttle valve will affect the passage of
fuel mixture from the carburetor to the cylinders. As the engine
operates and the spindle rotates, the weights tend to fly out by centrifugal
force but are prevented from doing so by the action of the spring
against them. A screw at the end of the spring controls the tension with
which the spring holds the weights against the spindle. As the centrifugal
force of the spindle rotation overcomes the spring tension, the weights
will be forced outward and will actuate the throttle valve through the
linkage, closing it.

b. VELociTy or VAcuuM. The velocity or vacuum type of governor
(fig. 55) is operated by the velocity of the air-fuel mixiare and by
intake-manifold vacuum. On its way to the cylinders, the mixture must
pass the throttle valve plate, which is attached to a shaft mounted in
an off-center position in the throat. The throttle valve plate is set at a

ADJUSTING SCREW
(SPEED CONTROL)
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RA PD 310916

Figure 55. Velocity or Vacuum Governor.
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slight angle so that the flowing fuel mixture tends to close it. The plate
is held open by spring tension. The vacuum of the intake manifold,
working on a piston connected to the throttle, stabilizes the throttle
plate against the pressure of the fuel mixture and prevents the plate
from fluttering. When the force of the fuel mixture against the plate
overcomes the spring tension, the plate will close and reduce the amount
of mixture entering the cylinders. It is against Army regulations to
adjust a governor without proper authority. Settings are made at the
factory and should not be changed without instruction from the manu-
facturer, and then only by authorized personnel.

Section lll. CARBURETOR
52. Operating Principles

a. FuncrioN. The basic function of a carburetor is to meter the air
and fuel in varying percentages, according to the engine requirements.
The fuel must be mixed with air and atomized so that as complete a
burning as possible will occur in the combustion chamber throughout
the operating range from a no-load idle through acceleration, normal
driving speeds, and full power. As the engine loads vary, the ratio of air
to fuel needs to be changed even though there is no speed change.

b. VENTURI EFFECT. (1) Fuel is delivered from the carburetor to the
engine because a greater pressure éxists in the carburetor bowl than in
the engine manifold. The atmospheric pressure in the bowl actually
pushes the fuel through the mpetering jet into the low-pressure air
stream in the throat of the carburetor. The low pressure in the throat
is produced by a Venturi (hourglass-shaped restriction) which serves
to increase the velocity of the air passing thru the throat. The increase
in velocity is accompanied by a reduction in pressure, which makes it
possible for atmospheric pressure to force the fuel into the air in the
throat. '

(2) A common example of this operation is the conventional insecti-
cide gun, illustrated in figure 56. The spray-gun bowl contains a liquid
and is comparable to a carburetor fuel bowl. The bowl is covered to
prevent spilling and is equipped with a vent, as is the carburetor bowl.
A small tube open at both ends is inserted below the fuel level and
extends well above the liquid. By means of a hand pump, a stream of
air is directed across the exposed end of the tube. The velocity of this
stream of air over the tip of the tube reduces the pressure at this point.
Atmospheric pressure, admitted to the bow! through the vent, pushes
the liquid up the tube to the low-pressure point, where it is picked up
by the air stream.

(3) Air flows through the throat of the carburetor when the piston
of the engine is moving downward on the intake stroke, but the velocity
of the air is not great enough to cause the flow of fuel. In order to build
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up the speed of air passing the fuel discharge nozzle, the carburetor
is equipped with one or more Venturi tubes in the throat. The Venturi
is carefully designed so as to offer as little resistance to air flow as
possible. If the air is passed through a tube in which a sharp restriction
is located, the flow of air will be like that shown in figure 57. The
pressure of the air after it passes through the restriction is less than
when it entered the tube. This is shown by the difference in the liquid
columns of the attached manometers.1 However, such a restriction would
probably result in air turbulence. If the dead space (shown as eddy
lines) were filled in with some material, it would then be a Venturi
and the flow of air would be much smoother. Figure 58 shows a Venturi
with manometers attached to the three critical locations. Note that the
column of water is highest on manometer No. 2 (the point of greatest
restriction), and that there is a slight depression at manometer No. 3.
Manometer No. 3 must show more depression than manometer No. 1 in
order to have a flow of air through the tube. Thus it can be seen that
the lowest pressure (highest vacuum) is at the point of greatest
restriction.

¢. A1r-FUEL RATIO. The most desirable carburetion ratio for internal
combustion engines is 15 parts of air to 1 part of fuel by weight. A
15 to 1 ratio is referred to as a “medium” or “normal” mixture. A
mixture containing more air (higher than 15 to 1) is called a “lean”
mixture, and one containing less air is known as a “rich” mixture. Maxi-
mum horsepower is obtained at a ratio of between 12 and 13 to 1;
maximum economy, however, is obtained with 4 15 to 1 ratio. The
carburetor must automatically vary the proportion of air and fuel to
meet the ever-changing conditions under which the engine operates.

d. A1r BLEED. Air is admitted into the carburetor fuel passages through
an air bleed to aid fuel flow when the pressure differential is low and
to limit fuel flgw when the pressure differential is high. The air bleed
may also be used to prevent siphoning which would cause fuel to flow
needlessly when the carburetor is not in operation. The action of the
air bleed is comparable to the action of water being sucked through a
straw when the straw has a hole or crack in it above the level of the
water. In figure 59a there is no hole in the straw, and a solid stream
of water rises in the straw. In figure 59b the hole in the straw above the
water level allows air to enter. This air mixes with the water to form
tiny bubbles. If an air tube is placed below the surface of the water,
as in figure 59¢, the bubbles of air in the water will be smaller and more

1A manometer is an instrument used to measure vacuum. A simple manometer
consists of a container of water and a glass tube, the upper end of which is con-
nected to a point at which the pressure is to be measured. Reading is obtained by
measuring the distance from the top of the column in the tube to the surface of the
liquid in the container. The higher the liquid rises in the tube, the greater the
vacuum or the lower the pressure.
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Figure 56. Insecticide Gun.

Figure 57. Flow Past Sharp Edged Restriction.

thoroughly mixed than if the hole or tube is above the surface. Applying
this principle of air bleed to carburetion, it is possible to compensate for
overrichness when the throttle valve.is opened, since the air mixing
with the gasoline will reduce the quantity of gasoline flowing from the
bowl up into the Venturi.

53. Carburetor Circuits

There are five circuits by which gasoline may flow through the ordi-
nary carburetor: the float circuit, low-speed circuit, high-speed circuit,
accelerating-pump circuit, and choke circuit. Other circuits in a car-
buretor will be either variations or combinations of these. Because the
high-speed circuit is not capable of handling satisfactorily all the varied
conditions that a carburetor must meet, the other four circuits are
necessary. The function of the five circuits will be described briefly,
and then their operation will be explained in detail.
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Figure 58. Venturi With Manometers.
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a. FLoaT Circurr. The float circuit maintains the correct level of
fuel in the carburetor fuel bowl at all times. Proper float level together
with proper venting of the bowl to the atmosphere assures availability of
the correct amount of fuel to the other circuits.

b. Low-sPeep Circuit. The low-speed, or idle, circuit delivers the
proper mixture of air and fuel when the throttle is practically closed.
In some carburetors, it continues to function throughout the entire
speed range; in others, it merely overlaps the high-speed circuit through
a short range. The circuit delivers fuel from the bowl to a point below
the throttle valve.

c. HigH-spEED CircultT. The high-speed, or main metering, circuit
meters and delivers the proper air and fuel mixture in the range above
the low-speed circuit. This circuit delivers fuel from the bowl to the
Venturi.

d. AcCELERATING-PUMP CIRCUIT. The pump circuit quickly provides
a measured supply of fuel necessary for sudden acceleration.

e. Cuoke Circult. The choke circuit provides a method of enriching
the fuel mixture when starting and warming up a cold engine.

54. Float Circuit

Any variation in the height of the gasoline in the fuel bowl will have
an appreciable effect on the pressure, which must be high enough to lift
fuel into the Venturi. Any variation in the level of the gasoline in the
bowl will change the distance between the height of gasoline in the
high-speed discharge passage and the end of the passage. If the distance
is too small, a rich mixture will result. The reverse is true if the distance
is too great. It is the function of the float mechanism in the bowl to
maintain a constant fuel level at all times. The float mechanism consists
of a float, a needle-valve assembly, a float bowl, and a vent (fig. 60).
The needle valve rests on the float arm. As the fuel level falls, the float
and needle valve move downward, allowing more fuel to enter the bowl;
and as the fuel level increases, the float and needle valve rise to close
the passage leading into the bowl from the fuel pump.

55. Low-speed Circuit

a. When the throttle valve is almost closed, there will be very little
air passing through the Venturi. Therefore, the difference in pressure
between the bowl and the Venturi will not be great enough to cause fuel
to enter the throat from the main nozzle. For this reason, a low-speed
circuit is necessary. As the throttle valve closes, the air must pass
through the slight opening which exists between the throat and the
valve. This produces the same effect as a Venturi, increasing air velocity
and decreasing pressure. Sufficient pressure differential is present be-
tween the bowl and outlet point (fig. 61) to push the gasoline from the
bowl. The low-speed circuit consists of one or more discharge ports
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located in the side of the throat body, a low-speed jet to meter the gaso-
line, a passage leading upward from the float bowl and then downward
to the discharge port, and an air bleed at the top of the passage.

b. Gasoline from the bowl is pushed through the calibrated hole in the
low-speed jet and flows into the low-speed jet passage. At the top of
the passage, air from the carburetor throat is admitted to aid in atomiza-
" tion and to prevent siphoning of fuel from the bowl to the throat when
the circuit is not operating. The fuel and air then flow down the passage
terminating at the discharge port.

¢. Because of variations in the performance of identical engines, it is
riecessary to vary the amount of gasoline furnished by the low-speed
circuit if similar idle characteristics are to be obtained. One method of
adjustment is to vary the amount of air bled into the low-speed passage;
another method is to vary the amount of air and gasoline admitted to
the carburetor throat. The first method is illustrated in figure 62. There
are two air-bleed ports: one permanent and one variable. When the
needle in the variable port is all the way in, all air must enter through
the permanent hole and the maximum amount of gasoline enters the
carburetor throat. As the needle is moved out, additional air enters the
circuit, making the mixture leaner. The second method of adjustment
is shown in figure 63. A mixture of air and gasoline enters the carburetor
throat through two ports: the low-speed circuit discharge port and the
low-speed adjustment-screw hole. In operation, most of the gasoline and
air mixture is discharged through the low-speed port. An additional
amount, according to the engine’s needs, is discharged through the screw
hole. Turning the screw toward its seat decreases the volume of mixture
discharged, making the mixture leaner. The reverse is true if the
screw is moved away from its seat.

d. The high-speed circuit overlaps the low-speed circuit. This overlap
is known as the transfer range. When the throttle valve is almost closed,
the pressure below the valve is low and the air velocity in the Venturi
is low. Under these conditions, the low-speed circuit operates. As the
throttle valve opens, the pressure below the valve increases and the
velocity of the air through the Venturi increases, which causes the low-
speed circuit to drop off and brings the high-speed circuit into operation.

56. High-speed Circuit

a. The high-speed circuit controls the fuel mixture at part-throttle
cruising speed and, together with the power jet, controls the mixture
at wide-open throttle.

(1) In this circuit, air is forced through the throat by the difference
between the pressure of the atmosphere and the pressure in the cylinder
during the intake stroke. As air approaches the Venturi, it increases in
velocity, decreases in pressure, and causes fuel to flow from the car-
buretor bowl into the air stream. In figure 64 the pressure above the
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Figure 60. Float Circuit.

RA PD 354331

Figure 61. Low-speed Circwit.

RA PD 354332

Figure 62. Air Adjustment
of Low-speed Circuit.

RA PD 354333

Figure 63. Fuel Adjustment
of Low-speed Circuit.



Figure 64. High-speed Circwit.
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Figure 65. Power Jet.
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Venturi is the same as the pressure in the bowl, both pressures being
atmospheric. As already explained, the pressure in the narrowest part of
the Venturi is less than atmospheric. If the pressure in the bowl is great-
er than the pressure in the Venturi, fuel will flow out of the bowl and
will be mixed with air passing through the Venturi. The restriction at
the bowl end of the passage is a machined hole called a high-speed jet.
This jet allows a definite amount of fuel to pass up into the air stream
for a given pressure differential between the bowl and the Venturi. Fuel
enters the air stream through the main discharge nozzle, which has one
or more air-bleed holes to aid in atomizing the fuel and maintaining a
constant air-fuel ratio.

(2) The amount of air which passes through the Venturi is regulated
by the throttle valve, which is located below the Venturi. This valve is
connected by linkage to the foot and hand throttles operated by the
driver. If the throttle valve is opened, more air goes through the Venturi
and more gasoline is added to the air. Because of the difference in physi-
cal properties of air and gasoline, the mixture will grow richer as the
air velocity increases unless an air bleed of the correct size is utilized.

b. As already indicated, the best air-fuel ratio for the development of
power is between 12 and 13 to 1. The high-speed jet and air bleed permit

_enough fuel to enter the carburetor throat to provide a 15 to 1 ratio.
Therefore, it is necessary to incorporate a device which will add more
fuel to the mixture when maximum power is required. There are two
devices for enriching the air-fuel mixture: the power jet and the meter-
ing rod. All carburetors include an application of either one or the other.
Both devices are controlled either directly or indirectly by the amount
of throttle opening.

(1) Power jet. The power jet provides the additional fuel necessary
for maximum power at wide-open throttle. In some carburetors, a power-
jet valve, controlled by a vacuum-actuated piston assembly, operates in
accordance with the throttle opening (fig. 65). With the throttle closed,
a high manifold vacuum is present, and the vacuum-controlled piston
assembly is moved to the top of its cylinder against the tension of a
spring, thus closing the valve. When the throttle is opened to a point
where additional fuel is required, the manifold vacuum has decreased
sufficiently so that the spring on the piston assembly moves the piston
down, thereby opening the power jet to feed additional fuel into the
high-speed circuit.

(2) Metering rod. Instead of using a power jet, some carburetors
accomplish the same result by employing a metering rod which varies
the size of the high-speed jet opening (fig. 66). Fuel from the float
bowl is metered to this circuit through the calibrated orifice provided
by the high-speed jet and the metering rod within it. From this point,
the fuel is conducted to the nozzle extending into the Venturi. As the
throttle valve is opened, its linkage raises the metering rod in the jet.



The rod has several steps or tapers machined on the lower end, and as it
is raised in the jet, it makes the effective size of the fuel orifice greater,
thus permitting more fuel to flow through the circuit to meet the load
demand imposed upon the engine. At the wide-open throttle position, the
smallest step of the metering rod is in the circular opening of the jet,
thus permitting the maximum amount of fuel to flow through the circuit
to meet the requirements of maximum power. The metering rod position
must be synchronized with every throttle valve position so that the

proper ratio of air and gasoline is delivered to the engine for all speeds
and driving conditions.

57. Accelerating-pump Circuit

The accelerating-pump circuit controls a small amount of fuel that is
momentarily discharged into the air stream when the throttle is opened
quickly. This extra amount of fuel is necessary to insure instantaneous
response from the engine on accéleration. When the throttle is suddenly
opened, air rushes through both the carburetor and the intake manifold.
The air is lighter than the liquid fuel and gets into motion quicker, so
it reaches the manifold before the fuel charge supplied by the high-
speed system. This results in a momentarily lean mixture. To counteract
this condition, additional fuel must be supplied; this is accomplished
by the accelerating-pump circuit.

a. The accelerating-pump circuit consists of a pump cylinder; a
plunger mechanically actuated by a lever mounted on the throttle shaft,
or vacuum-operated by intake-manifold vacuum; an intake check valve
located in the bottom of the pump cylinder to control the passage of
fuel from the bowl into the pump cylinder; a discharge check valve;
and an accelerating jet to meter the amount of fuel used. A typical
arrangement with a mechanically-actuated plunger is showr in figure 67.

b. When the throttle is opened, the pump plunger moves downward
in its cylinder. If the plunger is mechanically operated, the downward
movement will be brought about by direct linkage with the throttle. If it
is vacuum-actuated, a sudden throttle opening will cause the manifold
vacuum to drop, allowing the accelerating pump spring to force the
pump plunger down in the cylinder. In either case, the subsequent action
of the accelerating-pump circuit is the same. The downward travel of
the plunger forces fuel past the pump discharge check valve to the
accelerating jet which meters the rate at which it is discharged into the
air stream. Fuel is supplied to the pump cylinder through the intake
check valve at the bottom. The level of fuel in the pump cylinder when
the plunger is held up to the top of its stroke is approximately equal to
the level in the fuel bowl. The intake check valve in the bottom of the
cylinder permits a supply of fuel to reach the cylinder but closes on the
down stroke of the plunger, preventing the fuel in the cylinder from
being pushed back into the bowl. The accelerating-pump discharge is
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Figure 66. Metering Rod.

only needed momentarily when the throttle is opened suddenly. To
prevent the accelerating jet from flowing at constant throttle openings,
some models have an air-vent check valve (fig. 68) placed between the
accelerating jet and pump cylinder above the fuel level. At steady part-
throttle positions, when the pump plunger is inoperative, no pressure
exists on the fuel in the pump cylinder. Under this condition, the
air-vent check valve will be open ; the air will enter the passage connecting
the pump cylinder and accelerating jet and will prevent fuel from flowing
through the jet. The pressure on the fuel, created by the down stroke of
the pump plunger, causes the air-vent check valve to close against its
seat to prevent the fuel from being discharged back into the bowl
through the air-vent passage. On some carburetors the area above the
plunger is connected to the intake manifold so that the accelerating
pump does not work while the engine is not running. Under these con-
ditions the pressure in the intake manifold is near atmospheric and
holds the pump plunger down.

¢. Successful -operation of the accelerating pump depends on a delayed
action which provides a continual stream of fuel from the pump jet after
the throttle has ceased moving. This is to take care of the fuel demands
of the engine in the interval that exists between the time the throttle is
opened and the time the high-speed nozzle begins to discharge fuel.

(1) Some carburetors achieve this action by the “dry pump” method
(fig. 67). A pocket of air is maintained in the plunger cup between
the plunger leather and the fuel. When the plunger is pushed down,
it compresses this air. The compressed air, in turn, forces the fuel from
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Figure 67. Accelerating-pwmp Circuit With Asr Pocket
and Link-spring Connéction.

Figure 68. Accelerating Pump Circuit With Air Vent Check Valve
‘ and Wet Pocket.
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Figure 69. Spring-loaded Poppet Choke Valve.

the pump cylinder. At the end of the plunger stroke, the compressed air
expands, providing the necessary force to continue the fuel discharge.
If some of the air below the plunger is absorbed by the gasoline, a small
amount of air escapes downward past the plunger, replenishing the
supply of air necessary for delayed action iu the pump cylinder. A
carburetor employing a “dry pump” does not require an air vent to
prevent the accelerating jet from flowing at constant throttle openings.
The air remaining in the cylinder is under pressure below atmospheric
and does not exert enough force to cause fuel to flow. Some models use
a pump connector link spring instead of the regulation pump connector
"link (fig. 67). The spring has a double purpose, one of which is to assist
in the delayed action of the pump discharge. When the throttle is opened
suddenly, the plunger is driven down in the cylinder but the spring is
also slightly compressed. As the spring expands to its normal position,
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Figure 70. Off-center Choke Valve.

it aids in pushing the plunger against the air pocket and thus assists
in the delayed delivery of fuel through the pump jet. The spring also
will absorb any strain on the linkage if the pump jet beoomes obstructed.

(2) Another type of accelerating pump is called a “wet pump” and
functions without any cushion of air underneath the pump plunger
(fig. 68). For its delayed action, this type of pump circuit depends-
upon the pump spring. Its expansion continues the discharge of fuel for
a brief period after the sudden opening of the throttle. This operation
is effected by a different linkage arrangement. As the throttle is closed,
the pump operating link raises the plunger in the pump cylinder, com-
pressing the pump spring. When the throttle is opened the linkage
permits the spring to drive the plunger downward.

58. Choke Circuit

@. When the engine is cold the gasoline vapors tend to condense into
large drops on their way to the cylinders. Because all the gasoline sup-
plied to the cylinders will not vaporize, it becomes necessary to supply
an extra amount in order to have enough vapor to assure combustion.
This is accomplished by the choke circuit, which is simply a butterfly
valve placed in the carburetor throat above the Venturi.

b. When a driver operates the choke, the valve reduces the amount
of air entering the throat, giving a very rich mixture. Only the volatile
parts of the gasoline will vaporize at cold temperatures. For this reason,
a rich mixture is necessary. It provides enough ignitable vapor to start
the engine. However, if the butterfly valve is in the full-choke position,
it is completely closed, shutting off the supply of air. Consequently,
there is not enough air entering the throat to ignite the gasoline. The
necessary air is admitted in manual chokes by either one of two semi-
automatic features.

(1) In one design (fig. 69), the butterfly choke valve incorporates
a spring-loaded poppet valve. The poppet is held in the closed position
by a weak spring. As soon as the engine turns over, there is sufficient
pressure differential to open the valve, allowing air to flow.
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Figure 71a. Radial Engine Primer Lines.

Figure 71b. Radial Engine Primer Lines and Distributor.

(2) In the other design, the butterfly valve is off-center and operates
through a coiled spring on the end of the choke shafi (fig. 70). In the
full-choke position, the spring holds the valve in the closed position. As
soon as the engine turns over, an increased pressure differential over-
comes the spring tension and opens the valve part way, admitting air
to avoid overchoking or flooding the engine. As the engine warms up,
the choke valve is gradually advanced to the wide-open position by the
operator to supply the leaner mixture required for a hot engine.
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59. Primer System

The primer system consists of a hand pump, a pressure line leading
to a small distribution chamber, and lines leading to the intake pipes
of four upper cylinders (all upper cylinders except No. 1) if the unit
is on a nine-cylinder radial engine (fig. 71). Fuel is obtained from a
small line leading from the main tanks. When the pump plunger is
pulled out by a handle located on the instrument board, fuel is forced
through the inlet valve and into the pump barrel (fig. 72). The inward
stroke of the plunger stem forces the fuel past the outlet and diaphragm
valves, through the pressure line, distribution chamber, and distributor
lines, and sprays it into the intake pipes of the upper cylinders. The
diaphragm valve is so constructed that comparatively small pressure
by the pump will open the valve, allowing fuel to pass for priming.
However, if the engine backfires, the extreme pressure required to open
the valve from the outlet side prevents the pressure from backing up into
the pump, protects the springs of the ball valves, and prevents the balls
from being driven down into their seats. The diaphragm valve also
prevents fuel from siphoning from the tanks into the engine.

60. Automatic Choke

a. Thé automatic choke replaces the conventional manual choke. It
not only controls the air-fuel ratio for quick starting at any temperature
but also provides for the proper amount of choking to enrich the fuel
mixture for all conditions of engine operation during the warm-up
period. The automatic choke is an integral part of the carburetor. It
consists of a thermostatic (bimetal) spring and a vacuum piston which
opposes the action of the spring. The spring is connected to the choke
butterfly valve in such a manner as to close the valve when the spring
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Figure 72. Primer Pump.
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is cold. The vacuum piston tends to open the choke valve when the
engine manifold vacuum is high. The choke butterfly valve is mounted
off-center on the choke shaft so that any increase in air velocity
through the air horn will tend to open the valve.

b. Thus it can be seen that the operation of the automatic choke is
dependent on three factors: heat, intake-manifold vacuum, and the
velocity of air passing through the air horn. When the engine is cold, the
thermostatic spring holds the choke valve closed. When the engine is
started, the low pressure (high vacuum) below the throttle valve permits
atmospheric pressure to move the piston down and partially open the
valve against the tension of the thermostatic spring. Therefore, under
varying load conditions during warm-up, the position of the choke valve
will be changed by the operation of the vacuum piston working against
the thermostatic spring, and the air velocity in the air horn. Hot air
from the exhaust manifold is directed to the thermostatic spring so that
the spring loses its tension as the engine is heated. This permits the choke
to open gradually, and after it reaches full-open position it is held open
by the action of the intake manifold on the piston. When the engine is
stopped, the thermostatic spring cools and closes the choke valve. The
choke valve is fully closed at a temperature of aproximately 70° F.

61. Carburetor Vents

Carburetors may be internally and/or externally vented. In the
internally-vented carburetor, air for venting the bowl and air for the
Venturi all come through the same intake. As has been explained, the
difference in pressure between the Venturi throat and the bowl forces
fuel to flow through the jets. Dirt in the air cleaner will restrict the flow
. of air, which results in a lower pressure in the Venturi. If the bowl is
internally vented, pressure in the bowl is also lower. There is no pressure
difference, and the flow of fuel through the jets is not affected. But if
the bowl is opened directly to the atmosphere, as is the externally-vented
carburetor, bowl pressure would remain high when the pressure in
the Venturi throat drops. More fuel would be forced through the jets,
causing a rich mixture which would result in crankcase dilution. The
internally-vented carburetor often is referred to as the balanced car-
buretor, whereas the externally-vented is unbalanced.

62. Updraft and Downdraft

Carburetors also are classified as updraft or downdraft, according to
their position with respect to the intake manifold. If the carburetor
is below the manifold, it is an updraft; if placed above the manifold,
it is a downdraft. In early fuel systems it was necessary that fuel flow
down by gravity to the float chamber, making the updraft carburetor
essential because of its low position. However, the introduction of
mechanical fuel pumps has eliminated this problem. .
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CHAPTER &
DIESEL FUEL SYSTEMS

R

Section I. CHARACTERISTICS OF DIESEL COMBUSTION

83. Diesel Fuels

The fuels used in modern high-speed Diesel engines are a product of
the petroleum refining process. They are heavier than gasoline because
they are obtalned from the left-overs, or residue, of the crude oil after
the more volatile fuels, such as gasoline and kerosene, have been removed.
The large, slow-running Diesel engines will burn almost any grade of
heavy fuel oil, but the Diesel engines used in automotive installations
require 3 fuel oil as light as kerosene. Diesel fuel is different from gaso-
line, but its specification requirements are just as exacting as those of
gasoline. Of the various properties to be considered in selecting a fuel
for Diesel engines, the most important are cleanliness, viscosity, and
ignition quality.

a. CLEANLINESSS. Probably the most necessary property of a Diesel
fuel is cleanliness. The fuel should not contain more than a trace of
foreign substance; otherwise, fuel-pump and injector difficulties will
occur. Diesel fuel, because it is heavier and more viscous than gasoline,
will hold dirt in suspension for longer periods of time. Therefore, every
precaution must be taken to keep dirt out of the fuel system or to
eliminate it before it reaches the pumps. Water is more objectionable
in Diesel fuels than it is in gasoline because it will cause ragged operation
and corrode the fuel system. The least amount of corrosion of the
accurately machined surfaces in the injection equipment will cause it
to become inoperative.

b. Viscosity. The viscosity of an oil is an indication of its resistance
to flow. The higher the viscosity, the greater the resistance to flow. The
viscosity of a Diesel fuel must be sufficiently low to flow freely at the
lowest temperatures encountered, but it must also be high enough to
properly lubriéate the closely fitted pump and injector plungers. It must
also be sufficiently viscous so that leakage at the pump plungers and
dmbbling at the injectors will not occur. The viscosity of a fuel also
determines the size of the fuel-spray droplets which, in turn, govern the
atomization and penetration qualities of the spray.

¢. IeN1TION QUALITY. The ignition quality of a Diesel fuel is its ability
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Figure 73. Diesel Engine Open Combustion Chamber.

to ignite spontaneously under the conditions existing in the engine
cylinder. The spontaneous-ignition point of a fuel is a function of
temperature, pressure, and time. Since it would be difficult to reproduce
artificially these factors that exist in an engine cylinder, the best
apparatus for measuring the ignition quality of a fuel is an actual Diesel
cylinder running under controlled operating conditions. The yardstick
used for measuring the ignition quality of Diesel fuels is the cetane-
number scale. The cetane number of a fuel is obtained by comparing the
operation of the unknown fuel in a special test engine with the operation
of a known reference fuel in the same engine. The reference fuel is a
mixture of alpha-methyl-napthalene, which will hardly ignite when used
alone, and cetane, which will readily ignite at témperatures and pressures
obtained in a Diesel cylinder. The cetane number indicates the percent
of cetane in a reference fuel which will just match the ignition properties
of the fuel being tested.

d. KNockING. It has been observed that Diesel engines ‘“knock,”
particularly at light loads. This knock is believed to be due to the rapid
burning of the charge of fuel accumulated during the delay period
between the time of injection and ignition. When the fuel is injected it
must first vaporize, then superheat until it finally reaches the sponta-
neous-ignition temperature under the proper conditions to start com-
bustion. Time is required for sufficient fuel molecules to go through this
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Figure 74. Diesel Engine Precombustion Chamber.

cycle to permit ignition. This time is called ignition lag or ignition delay.
During this same time, -other portions of the fuel are being injected and
are going through the same phases but behind the igniting portion;
therefore, as the flame spreads from the point of ignition, appreciable
portions of the charge reach their spontaneous-ignition temperatures at
practically the same instant. This rapid burning causes a very rapid
increase in pressure, which is accompanied by a distinct and audible
knock. Increasing the compression ratio in the Diesel engine will decrease
the ignition lag and thereby decrease the tendency to knock. Increasing
the compression ratio in a gasoline engine leads to preignition and, in
addition, tends to make detonation worse. Knocking in the Diesel engine
is affected by a large number of factors besides compression ratio, how-
ever. The type of combustion chamber, air flow within the chamber, the
type of nozzle, the injection-pressure conditions, the fuel temperature,
and the air temperature are all factors as well as the characteristics of
the fuel itself. For these reasons more can be done in the design of a
Diesel engine to make it operate smoothly without detonation than is
possible with the gasoline engine.

64. Combustion Chamber Design

" The fuel injected into the combustion space of a Diesel engine must
be thoroughly mixed with the compressed air and distributed as evenly
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as possible throughout the chamber if the engine is to function under
the principles discussed in paragraph 9. None of the liquid fuel should
strike the chamber walls. Therefore, it is essential that the shape of the
combustion chamber and the characteristics of the injected fuel spray
be closely related. There are many types of combustion chambers in use
today, but they are all designed to produce one effect—bring sufficient
air into contact with the injected fuel to provide complete combustion at
a constant rate. All modern combustion-chamber designs may be classified
under one of the following headings: open, precombustion, turbulence,
or divided chambers. Designs which fall under two or more headings
will be covered under the heading which is the most applicable.

a. OpEN CHAMBER The open chamber is the simplest form of
chamber, but its use is limited to slow-speed engines and a few high-
speed two-stroke cycle engines (fig. 73). The fuel is injected directly
into the combustion space at the top of the cylinder. The combustion
space, formed by the top of the piston and the cylinder head, is shaped
to provide a swirling action of the air as the piston comes up on the
compression stroke. There are no special cells, pockets, or passages to
aid the mixing of fuel and air. This type of chamber requires higher
injection pressures and a greater degree of fuel atomization than the
other types require to obtain the same degree of mixing.

b. PrecoMBUSTION CHAMBER. The precombustion chamber is an
auxiliary chamber at the top of the cylinder (fig. 74). It is connected
to the clearance volume above the piston through a restricted throat or
passage. The precombustion chamber conditions the fuel for final com-
bustion in the cylinder and distributes the fuel throughout the air in
the cylinder in such a way that complete, clean burning of all the fuel
is assured. On the compression stroke of the engine, air is forced into
the precombustion chamber, and since the air is compressed it becomes
hot. Thus at the beginning of injection this small chamber contains a
definite volume of air. Consequently, combustion of the fuel actually
starts in the precombustion chamber, since the fuel is injected into the
chamber. Only a small part of the fuel is burned in this chamber because
there is only a limited amount of oxygen present with which it can unite.
The small predetermined amount which burns creates heat which, in
turn, creates high pressure within the precombustion chamber; as injec-
tion continues, this high pressure forces the fucl at great velocity into
the cylinder. There is ample oxygen present in the cylinder to burn all
the fuel completely, regardless of the speed or load under which the
engine is operating. Fuel injection pressures need not be as high with
this type of chamber as in the open type. A coarser spray is satisfactory
because the function of the chamber is to vaporize the fuel further
before it enters the cylinder.

¢. TurBULENCE CHAMBER, The turbulence chamber is similar in
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Figure 75. Diesel Engine Turbulence Chamber.

appearance to the precombustion chamber, but its function is different
(fig. 75). There is very little clearance between the top of the piston and
the head, so that a high percentage of the air between the piston and
the cylinder head is forced into the turbulence chamber during the com-
pression stroke. The chamber is usually spherical, and the opening
through which the air must pass becomes smaller as the piston reaches
the top of the stroke, thereby increasing the velocity of the air in the
chamber. This turbulence speed is approximately 50 times crankshaft
speed. The fuel injection is timed to occur when the turbulence in the
chamber is the greatest. This insures a thorough mixing of the fuel and
the air, with the result that the greater part of combustion takes place
in the turbulence chamber itself. The pressure created by the expansion
of the burning gases is the force that drives the piston downward on
the power stroke.

d. Divipep CHAMBER. (1) The divided chamber, or combination
precombustion chamber and turbulence chamber, is probably better
known by the trade name “Lanova Combustion Chamber.” In the Lanova
system, which is the most recently prefected of all Diesel combustion
systems, the highest degree of success so far attained has been achieved.
Like the open-chamber combustion system, the main volume of air
remains and the principal combustion takes place in the main combus-
tion chamber; but unlike the open-chamber combustion system, the
combustion is controlled. Like the turbulence-chamber type, the Lanova
system depends on a high degree of turbulence to promote thorough

- mixing and distribution of the fuel and air; but unlike it, this entails
1o increase in pumping losses. Ninety percent of the combustion chamber
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COMBUSTION [N ENERGY CELL

COMBUSTION IN MAIN CHAMBER
RA PD 354347

Figure 76b. “Lanova” Divided Chamber.
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is directly in the path of the in-and-out movement of the valves. The
turbulence in the Lanova system is dependent upon thermal expansion
and not on engine speed as are the other systems.

(2) Primarily, the Lanova system (fig. 76) involves the combination
of the figure-8-shaped combustion chamber situated centrally over the
piston, and a small air chamber known as the energy cell. In its latest
development, this energy cell is comprised of twd separate chambers,
an inner and an outer. The inner chamber, which is the smaller of the
two, opens into the narrow throat between the two lobes of the main
combustion chamber through a funnel-shaped Venturi passage. The
larger outer chamber communicates with the inner one through a second
Venturi. Directly opposite the energy cell is the injection nozzle.

(3) During the compression stroke, about 10 percent of the total
compressed volume passes into the energy cell, the remainder staying
in the figure-8-shaped combustion chamber. The fuel is injected in the
form of a pencil stream which passes directly across the narrow throat
of the combustion chamber, most of it penetrating into the energy cell.
A small portion of the boundary layer follows the curvature of the
combustion-chamber lobes and swirls in.two vortexes within them, thus
initiating a weak combustion. The fuel entering the energy cell is trapped
for the most part in the small inner cell, but a small part passes into
the larger outer cell, where it meets a sufficient quantity of superheated
air to explode violently. This explosion produces an extremely rapid
rise to high pressure within the steel energy cell, which blows the main
body of the fuel lying in the inner cell back into the main combustion
chamber, where it meets the main body of air. Here, owing to the shape
of the chamber, it swirls around at an exceedingly high rate of turbu-
lence, thus burning continuously as it issues from the energy cell. Owing
to the restriction of the two Venturis connecting the energy cells, the
blowback of fuel into the combustion chamber is controlled so that this
operation consumes an appreciable period of time, thus producing a pro-
longed and smooth combustion in which the rate of pressure rise on
the piston is gradual.

Section Il. INJECTION SYSTEMS

65. Fuel Injection- Principles

a. METHODS. There are two methods of injecting the fuel against the
air pressure in the cylinder of a Diesel engine: air injection, where a
blast of air from an external source forces a measured amount of fuel
into the cylinder; and solid injection, where the fuel is forced into the
- cylinder by a direct pressure on the fuel itself. The discussion which
follows will be limited to those systems utilizing solid injection, because
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the air injection system has been proved impractical for automotive
installations.

b. FUEL ATOMIZATION AND PENETRATION. It was seen in paragraph
64 that the fuel spray entering the combustion chamber must conform
to the shape of the chiamber so that the fuel particles will be well distrib-
uted and thoroughly mixed with the air. The shape of the spray is
determined by the degree of atomization and penetration produced by
the orifice through which the fuel enters the chamber. Atomization
is the term used to denote the size of the drops into which the fuel is
broken, whereas penetration is the distance from the orifice which an
oil drop attains at a given phase in the injection period. Roughly
speaking, the penetration of a spray depends on the length of the nozzle
orifice, the diameter of the orifice outlet, the viscosity of the fuel, and
the pressure on the fuel. Penetration increases with the increasing ratio
of the length of the orifice to its diameter; atomization, however, is
increased by decreasing the ratio of the length of an orifice to its
diameter. Since penetration and atomization are mutually opposed to
each other, a compromise is necessary if uniform fuel distribution is
to be obtained. The amount of pressure required for efficient injection
is dependent on the pressure of the air in the combustion chamber, the
size of the orifice, the shape of the combustion chamber, and the amount
of turbulence produced in the combustion space.

¢. FunctioN oF INjEcTION SysTEM. It is impossible to cover the
operation and construction of the many types of modern injection
systems in this text. However, the operation of a few of the more com-
mon systems will be discussed in the succeeding paragraphs. Emphasis
will be placed on functional operation rather than mechanical details.
The function of each system is to meter the fuel accurately, deliver
equal amounts of fuel to all cylinders at a pressure high enough to insure
atomization, and control the start, rate, and duration of injection. If this
three-fold function is kept in mind, the operation of the various systems
will be more easily understood.

66. Multiple-unit Injection-pump System

a. GENERAL OPERATION. In this system each cylinder has an individ-
ual injection pump which meters the fuel and delivers it under high
pressure to the spray nozzles which lead into the combustion chambers.
The pumps are mounted in a common housing, are operated by a com-
mon camshaft, and utilize the same control mechanism to insure an equal
amount of fuel in each cylinder at the proper time. The flow of fuel in
a typical multiple-unit injection-pump system is shown in figure 77.
Diesel fuel oil flows from the supply tank through a fuel filter to the
fuel supply pump. The fuel supply pump forces the fuel through an
additional filter to the injection pumps. The fuel injection pumps force



Figure 77a. Fuel Flow in Multiple-unit Diesel Engine Fuel Injection Pump.

a measured amount of fuel through high-pressure lines to the spray
nozzles in the combustion chambers. Surplus fuel flows from the injec-
tion pumps through a check valve on the common housing and is returned
to the fuel supply tank.

b. FueL INJecTiON PuMmps. (1) A phantom cross-section view of a
typical multiple-unit injection pump is shown in figure 77. The unit is
mounted on the engine in such a manner to permit its being driven by
the engine. The pump camshaft, near the hottom of the housing, is
-carried on ball bearings. The cam lobes cause the upward movement of
the plungers, and springs produce the downward motion. The cams are
arranged to actuate the individual pumps in the same sequence as the
firing order of the engine to eliminate the necessity for crossing lines
leading from the pumps to the spray nozzles. On the four-stroke cycle
engine, the injection pump is driven at one-half engine speed; on the
two-stroke cycle engine it is driven at engine speed.

(2) The individual pumps are of the lapped-plunger constant-stroke
metering bypass type. The quantity of fuel delivered to the spray nozzle
is regulated by the time the plunger covers the bypass port. The plunger
stroke remains constant at all loads. The injection must be timed to occur
as demanded by the requirements of the engine. Volumetric control is
effected by rotating the plunger. In figure 78 it is seen that two ports
lead to the plunger barrel; the port on the left is the inlet port, and the
one on the right is the bypass port. The plunger has a groove around
its circumference, which has a circular lower edge and helical upper
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Figure 77b. Fuel Injection Pump Element and Control Rack.

ADMISSION OF OiL INJCTION CUT-OFF (BY BY-PASS REUEF)
A—DEUVERY VALVE AND SEAT B—DELIVERY VALVE HOLDER C—OlL IN OlL GALLERY D—BY-PASS GROOVE
E—BY-PASS HEUX F—PLUNGER G—PLUNGER BARREL RA PD 342198

Figure 78. Fuel Injection Pump Plunger With Inlet and Bypass Poris.
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edge. The space thus formed communicates with the top face of the
plunger through a vertical slot. Hence any fuel above the plunger will flow
down the vertical slot and fill the helical space. At the lower end of the
plunger are two lugs which fit in corresponding slots in the bottom of an
outer sleeve fitted around the pump barrel. The upper portion of the sleeve
is fastened to a gear segment which meshes with a horizontal toothed
rack. Any movement of the rack rotates the outer sleeve and plunger
relative to the bypass port in the stationary pump barrel.

(3) Fuel from the sump rushes into the barrel as soon as the upper
edge of the plunger opens the two opposite ports in the barrel. This
action begins during the downward stroke of the plunger, and the ports
remain open until the plunger starts moving upward. After the plunger
covers the ports on its upwand stroke, the pressure exerted on the fuel
causes the spring-loaded delivery valve to lift off its. seat, thereby permit-
ting the fuel to discharge into the tubing which leads to the spray nozzle.
The delivery of fuel ceases as soon as the helix on the plunger uncovers
the bypass port in the barrel. At this instant the pressure chamber com-
municates with the sump by way of the vertical groove and the helix
on the plunger, thus relieving the pressure in the barrel. The delivery
valve is quickly returned to its seat by the combined action of its spring
and the great difference in pressure which exists between the barrel and
the high-pressure line. In returning to its seat, the delivery valve
performs a double function—first, it prevents excessive draining of the
fuel from the high-pressure line; second, it relieves the pressure in the
high-pressure line. This pressure relief is accomplished by means of an
accurately lapped displacement piston ¢n the delivery valve. Before the
delivery valve actually reseats, it reduces the pressure in the high-
pressure line by increasing the volume therein by a quantity equal to the
volume of the displacement piston.

(4) The positions of the plunger from no fuel to maximum fuel
delivery are shown in figure 79. For maximum delivery, the plunger is
positioned in the barrel so that it will nearly complete its stroke before
the helix indexes with the bypass port. For zero delivery, the plunger
is turned in its barrel until the vertical slot registers with the bypass
port. In this position, the pressure chamber is connected with the sump
during the entire stroke of the plunger. Any position between no fuel to
maximum fuel delivery can be obtained by moving the control rack in or
out, as the movement of the rack causes the plunger to rotate a propor-
tionate amount. The same rack controls the position of all the plungers
simultaneously, thereby insuring the injection of equal amounts of fuel
in each cylinder of the engine.

c. SpraY NozzrLes AND NozzLe HoLpers. (1) General. For proper
engine performance, the fuel oil must be injected into the combustion
space in a definite spray form. This is accomplished by the spray nozzle,
which is held in the correct position in the cylinder head by the nozzle
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Figure 80. Spray Nossle for Multiple-unit Fuel Injection Pump.

RA PD 354351
Figure 81. Pintle and Hole Type Fuel Noszzle Tips.
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Figure 82. Action of Pintle (Left) and Throttling Pintle Fuel Nozzles.

Holder. The type of unit most commonly used with the multiple-unit
injection pump is shown in cross section in figure 80.

(2) Operation. The fuel delivered by the injection pump flows through
the high-pressure line and enters the nozzle-holder inlet stud. Then it
passes through the edge filter, flows through the ducts in the holder
and nozzle body, and flows down into the pressure chamber of
the spray nozzle above the valve seat. There, the pressure of the fuel
oil acts on the differential area of the nozzle valve. At the moment when
the pressure of the fuel exceeds the pressure exerted by the adjusting
spring, the no2zle valve is lifted off its seat and the fuel is forced
through the orifices and sprayed into the combustion chamber of the
engine. The nozzle valve returns to its seat after the injection pump has
ceased to deliver fuel. The hydraulic opening pressure of the spray nozzle
may vary from 1,000 to 4,000 Ib per sq in., depending upon engine
combustion-chamber requirements, A certain amount of seepage of fuel
between the lapped surfaces of the nozzle valve and its body is necessary
for lubrication. This leakage oil accumulates around the spindle and in
the spring compartment, from which it drains through the leak-off
connection provided for that purpose.

(3) Spray mozzles. Because of the widely differing requirements in
the shapes of the fuel spray for various combustion-chamber designs
and because of the wide range in engine power demands, there are
a large variety of nozzles used with multiple-unit injection-pump
systems. Essentially there are two basic groups, namely, pintle nozzles
and hole nozzles (fig. 81). Pintle nozzles are generally used in engines
having precombustion, turbulence, or divided chambers, whereas the
hole-type nozzles are generally used with open combustion-chamber
designs.

(@) In pintle nozzles, as shown in figure 82, the nozzle valve carries
an extension at its lower end in the form of a pin (pintle) which pro-
trudes through the hole in the nozzle bottom. This requires the injected
fuel to pass through an annular orifice, thus producing a hollow, cone-
shaped spray, the nominal included angle of which may be from 0° to
60°, depending on the combustion-system requirement. The projection of
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Figure 83. Wobble-plate Fuel Pump Principle.

the pintle through the nozzle orifice induces a self-cleaning effect,
discouraging the accumulation of carbon at this point.

(5) A specific type of pintle nozzle extensively used in small-bore
high-speed Diesel "engines is the throttling nozzle. It differs from the
standard pintle nozzle in that the pintle projects from the nozzle body
for a much greater distance, and the orifice in the bottom of the nozzle
body is much longer. These differences are readily apparent from the
cross-sectional illustrations in figure 82. The outstanding feature of the
throttling nozzle is its control of the rate at which fuel is injected into
-the combustion chamber. The pintle extends through the nozzle orifice
when no fuel is being injected, and hydraulic pressure from the injection
pump causes the pintle to rise for fuel delivery. At the beginning of the
injection period, only a small quantity of fuel is injected into the chamber
because the straight section of the pintle is in the nozzle orifice. The
volume of the fuel spray is then progressively increased as the pintle is
lifted higher because the straight section leaves the orifice, and the
tapered tip of the pintle in the orifice provides a larger opening for the
flow of fuel. Another type of throttling nozzle has its pintle flush with
the nozzle-body tip for no fuel delivery and extended through the body
for maximum fuel delivery. In this type, fuel under high pressure from
the injection pump acts on the seat area of the pintle, forcing it out-
ward against a preloaded spring. This spring, through its action on a
spring hanger, also returns the pintle to its seat, sealing the nozzle
against further injections or dribble when the line pressure is relieved
at the pump. When the pintle moves outward, due to fuel pressure, an
_increasingly larger orifice area is opened around the flow angle of
the pintle,
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(c) The hole-type nozzles have no pintle but are basically similar in
construction to the pintle type. They have one or more spray orifices
which are straight, round passages through the tip of the nozzle body
beneath the valve seat (fig. 81). The spray from each orifice is relatively
dense and compact, and the general spray pattern is determined by the
number and arrangement of the holes. As many as 18 spray holes are
provided in the larger nozzles, and the diameter of these drilled orifices
may be as small as 0.0068”, The spray pattern may or may not be sym-
metrical, depending on the engine combustion-chamber design and fuel
distribution requirements. The size of the hole determines the degree
of atomization attained: The smaller the hole the greater the atomization,
but if the hole is too small it will be impossible to get enough fuel into
the chamber during the short time allowed for injection. If the hole is
too large, there will be an overrich mixture near the nozzle tip and a
lean mixture at a distance from it. Multiple-hole nozzles overcome this
difficulty because the holes can be drilled small enough to provide proper
atomization, and a sufficient number can be provided to allow the proper
amount of fuel to enter during the injection period.

(4) Nozzle holders. The nozzle holder holds the spray nozzle in its
correct position in the engine cylinder, provides a means of conducting
fuel oil to the nozzle, and conducts heat away from the nozzle. The
holder also contains the necessary spring and a means of pressure adjust-
ment to provide proper action of the nozzle valve. The component parts
of a typical nozzle holder are shown in figure 80. The body has drilled

Figure 84. Wobble-plate Fuel Pump Unit.
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Figure 85. Four Strokes'in Action of Rotary Valve and Single Pump Plunger.
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Figure 86. Fuel Flow in Distributor Type System.

115



passages for conducting the fuel from the inlet connection to the nozzle,
and its lower end is provided with an accurately ground and lapped
surface which makes a leakproof and pressure-tight seal with the corre-
sponding lapped surface at the upper end of the nozzle. The nozzle
is secured by means of the cap nut, as shown. At its upper end, the
nozzle valve has an extension of reduced diameter (referred to as the
“stem”) which makes contact with the lower end of the spring-loaded
spindle. Adjustment of nozzle-valve opening pressure is accomplished
by means of the spring pressure-adjusting screw. The adjustment in other
types of holders which are not illustrated is accomplished by means of
spacers between the top of the spring and the upper spring seat.

67. Wobble-plate Pump System

a. '(he only major difference between the wobble-plate pump system
and the injection system just described lies in the injection-pump unit
itself. In the wobble-plate pump all the pump plungers are actuated by a
wobble plate instead of the customary camshaft having an individual cam
for each pump plunger. Also, the metering of the fuel is accomplished
by a single axially located rotary valve in the wobble-plate unit, whereas
the rotary movement of the individual plungers controls the amount of
fuel in the multiple-unit injection-pump system.

b. The principles of a wobble-plate pump are illustrated in figure 83.
A plate is mounted on a shaft and set at an angle to it so that as the
shaft rotates, the plate also rotates and any particular spot on the plate
will not only rotate but move laterally. The pump derives its name from
the fact that the plate appears to wobble back and forth as it rotates. A
push rod, or tappet, which is placed in a guide to prevent any move-
ment except to the right or left, rides on the surface of the plate as it
rotates. The rotation of the plate, then, sets up a horizontal motion to
the left and right of the tappet. The tappet is connected to a pump
plunger so that the movement to the left actuates the pump on its delivery
stroke and a spring returns it on the suction stroke. The injection-pump
unit contains one pumping plunger for each engine cylinder (fig. 84).
Half the number of plungers are always moving to the right on their
filling stroke, the other half are moving to the left on the delivery or
injection stroke.

¢. The rotary metering valve is driven by the same shaft which drives
the wobble plate. The rotary valve consists of a lapped cylindrical shaft
closely fitted in a barrel to prevent fuel from escaping at its ends. Fuel
is admitted to the barrel at the center of the valve, which contains a spool-
like reduction in diameter. This reduction in diameter acts as a fuel
reservoir. The recessed portion of the valve is in the shape of a band
broken by a triangular land of the same diameter as the ends of the
valve, as shown in figure 85. A separate port leads from the recess to
the end of each plunger bore. Through this port the plunger cavity is
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supplied with fuel. The angular relation of the valve and the wobble
plate is such that the valve land will cover each port at the time the
respective plunger is at approximately its maximum speed in the direction
of discharge. Prior to port closing and after port opening (caused by
the movement of the triangular land across the port), fuel displaced
by the plunger in its pressure stroke flows back through the port into
the recess. The fuel trapped in the plunger cavity when the port is closed
is forced through a check valve into the high-pressure lines and on to the
spray nozzle.

d. To obtain zero delivery, the valve is moved endwise to a position
where the ports are never closed by the land. The movement of the
plungers then merely causes fuel to move in and out through the ports
without building up a pressure sufficient to open the delivery valves and
cause injection. To cause the pump to deliver fuel, the valve is moved
endwise so that, during rotation, the triangular-shaped land closes the
port when the plunger is moving in the discharge direction. Further end-
wise movement of the valve causes a wider portion of the land to pass
across the ports, thus increasing the duration of injection and the quantity
of fuel injected. Each port is closed for exactly the same duration of
plunger travel and, therefore, exactly the same quantity of fuel is
delivered to each of the engine cylinders.

68. Distributor-type System

The distributor injection system used in automotive Diesel engines is
classed as a low-pressure system in that pumping, metering, and distrib-
uting operations take place at low pressure. The high pressure required
for injection is built up in the injector at each cylinder. A schematic
diagram of the flow of fuel is shown in figure 86. A suction gear pump
lifts fuel from the tank and delivers it to the float chamber, from which
a second gear pump delivers it, at low pressure, to the distributor. Fuel
passes through the distributor to the metering pump, then through the
distributor again, and on to the injector where it is injected into
the cylinder.

6. DistriBuTor. The distributor consists of a rotating disk and a
stationary cover to which are connected fuel lines running to individual
injectors. The disk and cover have a series of holes which, when properly
indexed, form passages from the fuel supply pump to the metering
pump. This occurs when the metering plunger moves down on its suction
stroke and thus permits the barrel to fill with oil. The disk continues to
rotate and lines up with the correct discharge hole in the cover just as
the metering plunger rises by action of the main fuel-pump cam. This
forces the fuel into the proper injector line.

b. METERING UNITs. The metering pump is a closely fitted recipro-
cating pump, obtaining its motion through a link from the plunger lever.
Operating the plunger lever is a vertical lever which is controlled by
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Figure 87. Variable Stroke Plunger for Metering Fuel.
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" Figare 88. Injector for Distributor Type Fuel System.
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an eccentric rocker lever running directly off a cam on the fuel pump
mainshaft. The position of the vertical lever in the eccentric of the rocker
lever determines the travel of the plunger lever and, consequently, the
travel of the metering plunger (fig. 87). As the metering plunger starts
upward on its controlled stroke, it pushes fuel to the injector through
passages formed by the rotating distributor disk. The stroke of the
metering plunger, which determines the amount of fuel going to each
injector, is varied by changing the position of the vertical lever between
the stop pins in the cam rocker lever. When the roller is against the inside
stop pin on the quadrant, there is no travel on the vertical lever or on
the metering plunger, consequently no fuel is going to the engine. If
the vertical lever is moved over to the outside pin, the stroke of the
metering plunger is sufficient to deliver enough fuel to the engine for
full speed and load.

¢. INyecTOR. The injector consists of a forged body with a properly
fitted plunger (fig. 88). This plunger is forced down against spring
action by a rocker arm actuated by push rods from the engine camshaft.
Mounted on the end of the body is the injector cyp which contains the
nozzle tip. On the intake stroke of the engine, the fuel metering pump
forces a charge of fuel of the exact amount or the load and speed of the
engine into this cup. The operation of the metering pump requires that
the fuel line and passage leading to the cup be filled with fuel. It naturally
follows that any fuel added at the fuel metering-pump end will push the
same amount of fuel into the injector cup. The fuel lies in the cup during
the compression stroke of the engine, and the compressed air is forced
through the small spray holes in the cup (fig. 89). The fuel oil in the
tip of the cup is exposed to the intense heat and blasting of the com-
pression and thus is preheated and broken up. A few degrees before
top center, the plunger is forced down and the preheated fuel charge
is driven out into the cylinder. A small check valve is located in the

A-FUEL INTAKE B-PREHEATING C-INJECTION D-END OF STROKE
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Figure 8. Four Stages wn ruet injecion vycle.
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Figure 90. Single-unit Fuel Injector Mounted in° Cylinder Head.

lower end of the fuel passage in the injector body. This check valve
prevents the compression pressures from blowing the fuel back and filling
the lines with air.

69. Unit Injection System

Included in this fuel system are the injectors, fuel supply pump, fuel-
oil filters, and the fuel-oil manifolds. Fuel is drawn from the supply tank
through the primary filter by the fuel supply pump. From the pump, fuel
is forced through the secondary filter and to the fuel intake manifold
which supplies the injectors. Surplus fuel, flowing through the injectors,
is returned through the fuel outlet manifold to the supply tank.

a. INyector MouNTING. Unit injectors combine the injection pump,
the fuel valves, and the nozzle.in a single housing to eliminate the high-
pressure lines. These units provide a complete and independent injection
system for each cylinder and are mounted in the cylinder head, with
their spray tips slightly below the top of the inside surface of the com-
bustion chambers (fig. 90). A clamp, bolted to the cylinder head and
fitting into a machined recess in each side of the injector body, holds
the injector in place in a water-cooled copper tube which passes through
the cylinder head. The tapered lower end of the injector seats in the
copper tube, forming a tight seal to withstand the high pressures inside
the cylinder.

b. INJeEcToR OPERATION. (1) The cross section of a typical unit
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injector (fig. 91) shows the various parts. Fuel oil is supplied to the
injector at a pressure of about 20 Ib per sq in. and enters the body at
the top through the filter cap. After passing through the fine grained
filter element in the inlet passage, the fuel oil fills the annular (ring-
shaped) supply chamber between the bushing and the spill deflector. The
plunger operates up and down in this bushing, the bore of which is
connected to the fuel supply in the annular chamber by two funnel-shaped
ports, one on each side at different heights.

(2) The injector rocker arms are actuated through push rods from
the engine camshaft. The motion of the injector rocker arm is trans-
mitted to the plunger by the follower, which bears against the return
spring. In addition to this reciprocating motion the plunger can be
rotated in operation around its axis by the gear, which is in mesh with
the control rack. Each injector control rack is connected by an easily
detachable joint to a lever on a common control tube which in turn, is
linked to the governor and throttle. For metering purposes, a recess with
an upper helix and a lower helix or a straight cut-off is machined into
the lower end of the plunger. The relation of this upper helix and lower
cut-off to the two ports changes with the rotation of the plunger. As-the
plunger moves downward, the fuel oil in the high-pressure cylinder or
bushing is first displaced through the ports back into the supply chamber
until the lower edge of the plunger closes the lower port. The remaining
oil is then forced upward through the center passage in the plunger into
the recess between the upper helix, and the lower cut-off, from which
it can flow back into the supply chamber until the helix closes the upper
port. The rotation of the plunger, by changing the position of the helix
retards or advances the closing of the ports and the beginning and ending
of the injection period, at the same time increasing or decreasing the
desired amount of fuel which remains under the plunger for injection
into the cylinder.

(3) Figure 92 shows the various plunger positions from “no injec-

on” to “full injection.” With the control rack pulled out completely (no
injection), the upper port is not closed by the helix until after the lower
port is uncovered. Consequently, with the control rack in this position,
all of the fuel charge is forced back into the supply chamber, and no
injection of fuel takes place. With the control rack pushed in completely
(full injection), the upper port is closed shortly after the lower port
has been covered, thus producing a full effective stroke and maximum
injection. From this no-injection position to full-injection position (full
rack movement), the contour of the helix advances the closing of the
ports and the beginning of injection.

(4) Figure 93 shows various positions for downward travel of the
plunger with the rack in a fixed position. On the downward travel of
the plunger, the metered amount of fuel is forced through the center
passage of the valve assembly, through the check valve and against the
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Figure 91, Cross Section of Unit Injector.
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Figure 92. Plunger Positions from No-fuel to Full-fuel Imjection.
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spray-tip valve. When sufficient fuel pressure is built up, the spray-tip
valve is foroed off its seat and fuel is discharged through several small
orifices in the spray-tip and atomized in the combustion chamber. The
check valve prevents air leakage from the combustion chamber into the
fuel system if the spray-tip valve is accidently held open by a -small
particle of dirt, thus allowing the injector to operate until the particle
works through the valve,

(5) On the return upward movement of the plunger, the high-pressure
cylinder is again filled with oil through the ports. The constant circula-
tion of fresh cool fuel through the injectors, which renews the surplus
fuel supply in the chamber, helps to maintain even operating temperature
of the injectors, and also effectively removes all traces of air which
might otherwise accumulate in the system. The amount of fuel circulated
through the injector is in excess of maximum needs, thus insuring
sufficient fuel for all conditions.

Section Ill. FUEL SUPPLY UNITS
70. Fuel Supply Pumps

a. Types. Fuel injection pumps must be supplied with fuel oil under
pressure because they have insufficient suction ability. Therefore, all
injection systems require a supply pump to transfer fuel from the supply
tank to the injection pump. Pumps used for this purpose have a positive
suction lift, and their performance is largely independent of any reason-
able variations in viscosity, pressure, or temperature of the fuel. The
pumps in use today are of the gear, plunger, or vane type. The gear
type is similar in operation to the pump used in the lubrication system
(par. 100), hence the discussion of supply pumps in this paragraph
will be limited to the vane and plunger types.

b. VANE TyPE. (1) The fuel-oil pump shown in figure 94 is a vane
type. An integral steel rotor and shaft, one end supported in the pump
flange and the other end in the cover, revolves in the body, the bore of
which is eccentric to the rotor. Two sliding vanes are placed 180° apart
in slots in the rotor and are expanded against the body bore by coil
springs in the slots. Two special seals on the pump shaft prevent leakage
of fuel or lubricating oil. A drain hole between the two seals leads to the
atmosphere.

(2) When the shaft is rotated the vanes pick up fuel at the inlet port
and carry it around the body to the outlet side, where the fuel is dis-
charged. Pressure is produced by the wedging action of the fuel as it is
forced toward the outlet port by the vane. A spring-loaded horizontal
relief valve is provided in the cover of the pump, connecting the inlet
and outlet ports, and opens at a pressure of approximately 55 Ib per
sq in. This valve does not normally open, since its purpose is to relieve
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excessive pump pressure if any of the fuel lines or filters become
plugged and build up an extremely high pressure in the pump. When the
valve opens, fuel passes from the discharge side (pressure side) to the
suction side of the pump.

¢. PLunNGer. (1) Description. The type of pump shown in figure 95
is usually mounted directly on the housing of the injection pump and is
driven by the injection pump camshaft. It is a variable-stroke self-
regulating plunger type of pump which will only build pressure up to
a predetermined point.

(2) Operation. As the injection-pump cam allows the plunger to be
forced by its spring toward the camshaft, the suction effect created opens
the inlet valve and permits the fuel to enter the plunger-spring chamber.
Then, as the cam lobe drives the plunger against its spring, the fuel is
forced by the plunger through the outlet valve and around into the
chamber created in back of the plunger by its forward movement. As
injection-pump cam continues to rotate, it allows the plunger spring
(which is now under compression) to press the plunger backward
again, thus forcing the fuel oil behind the plunger out into the fuel line
leading to the filters and injection pump. At the same time the plunger
is again creating a suction effect which allows additional fuel to flow
through the inlet valve into the spring chamber. This pumping action
continues as long as the fuel is being used by the injection pump fast
enough to keep the supply pressure from rising to the point where it
equals the force exerted by the spring on the plunger. Then the pressure
between the supply pump and the injection pump holds the plunger
stationary agaimst the spring and away from the cam. This prevents
further pumping action until the pressure drops enough to permit the
plunger to resume operation. This entire cycle is automatic and continues

as long as the engine is running.
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Figure 93. Four Positions of Injector during Downward "Travel.
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Figure 95. Plunger-type Fuel Supply Pump.



71. Governors

a. Types. All Diesel engines require a governor to prevent over-
speeding of the engine under light loads. Automotive Diesel engines
also demand control of the idling speed. Many of the installations
provide a variable-speed control which, in addition to controlling mini-
mum and maximum speed, will maintain any intermediate speed desired
by the operator. Engine speed in a Diesel engine is controlled by the
amount of fuel injected; consequently, the injection system is designed
to supply the maximum amount of fuel which will enable the engine
to operate at full load and reach a predetermined maximum rpm. How-
ever, if the maximum fuel charge were supplied to the cylinders with
the engine operating under “partial load” or “no load,” the engine speed
would increase beyond the critical range and soon cause a failure. Thus
it can be seen that the governor must control the amount of fuel injected
in order to control the engine speed.

b. AcruatioN. Governors may be actuated through the movement of
centrifugal flyweights or the air-pressure differential produced by a
butterfly valve and Venturi assembly. The centrifugal-flyweight type may
incorporate a mechanical linkage system to control the injection pump
or it may include a hydraulic system to transmit the action of the weights
to the pump. Where the rate of acceleration must be high, the governor-
controlling weights must be small to obtain the required rapidity of
response from the governor. These small weights may not exert sufficient
force to control the injection equipment; hence the injection pump will
be controlled by a servo piston utilizing pressure from a pump within
the governor. The centrifugal weights actuate a valve which controls
the amount of oil going to the servo piston.

¢. MecaANICAL (CENTRIFUGAL). (1) The operation of the mechani-
cal governor is based on the centrifugal force of rotating weights counter-
balanced by springs. When the speed of the engine increases, the weights
fly outward, pulling with them suitable linkage to change the setting of
the injection-pump control rod. The governor linkage is connected to
the injection pump in such a manner that the spring tends to move the
control mechanism toward the full-fuel position, and the action of the
flyweights tends to reduce the amount of fuel delivered.

(2) A typical variable-speed governor is shown schematically in
figure 96. With this type of governor, the operator varies the governor
spring tension to control the quantity of fuel and does not at any time
move the injector control rack directly. The control rack of the injection
pump is connected to the yoke of the governor in such a manner that any
movement of the yoke will directly affect the quantity of fuel injected.
The spring tension is controlled by tle operating lever, the movement
of which is determined by the position of the foot throttle. The travel
of the operating lever is limited by the idle- and maximum-speed adjust-
ing screws. With the weights fully collapsed (engine stopped), the
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Figure 96a. Variable Speed Governor.

ACCELERATOR CONTROL LEVER

LEVER CONNECTED TO
INJECTION PUMP RACK ROD

RA PD 310880
Figure 96b. Variable Speed Governor.



spring moves the sliding sleeve and yoke so the fuel injection pump is in
the full-fuel position. When the weights are fully extended, the sliding
sleeve and yoke move to the right and decrease the amount of fuel
delivered. :

(3) In the event that the load on the engine is decreased, the engine
naturally tends to accelerate. However, when the engine accelerates, the
governor flyweights move outward due to increased centrifugal force.
Since the flyweights are in contact with the sliding-sleeve assembly, this
movgment causes a longitudinal movement of the sleeve to the right.
This movement continues until an equilibrium is established between
tke governor spring force and the centrifugal force exerted by the fly-
weights. This occurs when the engine returns to the original speed, as
determined by the position of the foot throttle and its effect on the
governor spring.

(4) In the event the load on the engine increases, the engine tends
to slow down, thereby causing an inward movement of the flyweights.
As the weights move inward, resulting in reduced force on the sliding
sleeve, the compressed governor spring shifts the sleeve to the left until
the spring force and the centrifugal force exerted by the flyweights are
again balanced. In this way, the yoke, following the movement of a
sliding sleeve, moves the control rack of the fuel injection pump toward
the more-fuel. position and thereby returns the engine to the preset
speed.

(5) If it is desired to accelerate the vehicle, the operator depresses
the foot throttle which, in turn, increases the spring tension. This
causes the yoke to pivot to the left, thereby increasing the supply of
fuel. The flyweights move outward due to the increased engine speed
and prevent the control rack from reaching the full-fuel position unless
the foot throttle is fully depressed. Deceleration is accomplished in the
reverse manner. Spring pressure is decreased, the engine slows down,
the flyweights move inward, and a balanced condition between the fly-
weights and the spring is obtained at a lower engine speed.

(6) The adjustable bumper spring prevents rapid oscillations of the
control rack at low no-load engine speeds. The spring contacts the yoke
at idling speed and insures steady operation of the governor. The
bumper spring also assists in preventing stalling of the engine on sudden
deceleration to idle speed, as it prevents the control rack of the injection
pump from moving into the full-stop position when this speed change
occurs.

d. PNeuMATIC. (1) The actuating force for the pneumatic or vacuum-
controlled governor is the pressure drop caused by the velocity of air
passing through a Venturi located in the air intake manifold (par. 52b).
The governor consists essentially of an atmospheric-suspended dia-
phragm connected by linkage to the control rack of the fuel injection
pump (fig. 97). The chamber on one side of the diaphragm is open to
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Figure 97. Pnewmnatic Governor.

Figure 98. Metal Filter.
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the atmosphere, and the chamber on the other side is sealed and connected
to the Venturi in the manifold. In addition, there is a spring acting on
the sealed side of the chamber, which moves the diaphragm and control
rack to the full-fuel position when the engine is not operating and both
sides of the diaphragm are at atmospheric pressure. When the engine
is running, however, the pressure in the sealed chamber is reduced below
the atmospheric pressure existing in the other chamber., The amount of
pressure reduction depends on the position of the butterfly valve and the
speed of the engine. It is this pressure differential that positions the
diaphragm and, consequently, the control rack. The butterfly valve is
controlled by a lever which is connected by suitable linkage to the foot
throttle. There is no actual connection between the foot throttle and the
governor or fuel injection pump.

(2) If the engine is operating under load and the rpm is below
governed speed, the velocity of air passing through the Venturi is com-
paratively low and only a slight pressure differential is present. The
spring tends to move the diaphragm and control rack toward the full-fuel
position, and the engine speed tends to approach that of governed speed.

RA PD 354365
Figure 99. Cloth Filter (Bag Type).
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The same principle prevents the engine from overspeeding at light
loads. As the engine speeds up, the velocity of air through the Venturi
increases, with the result that the pressure differential at the diaphragm
is increased. This differential is sufficient to overcome the spring force
and to cause the diaphragm and control rack to move toward the “stop”
position. When the engine is operating at governed speed with the
butterfly valve wide open, the pressure differential is just slightly below
that of the spring force and the diaphragm remains in the full-delivery
position.

(3) For any position of the butterfly valve between idling and full
load of the engine, the diaphragm finds its relative position. Since any
movement of the diaphragm is also transmitted to the control rack,
the amount of fuel delivery is definitely controlled at all engine speeds.
As the pressure drop between the chambers is increased, the diaphragm
is moved in the direction of less fuel delivery. As the pressure drop is
decreased, the spring can move the control rack in the direction of
greater fuel delivery. Therefore, in order to increase the speed of the
engine, the butterfly valve is opened; to decrease the engine speed, the
valve is closed.

72. Fuel Filters

a. Thorough and careful filtration is especially necessary to keep
Diesel engines efficient. Diesel fuels are more viscous than gasoline. They
contain more gums and more abrasive particles, which may cause prema-
ture wear of the injection equipment. The abrasives may consist of
material difficult to eliminate during the process of refining, or they may
enter the fuel tank through careless refueling. Whatever the source, it is
imperative that means be provided to protect the system from these
abrasives.

b. Most Diesel-engine designs include at least two or more filters in
the fuel supply systems to protect the closely fitted parts in the pumps
and nozzles. The primary (coarser) filter is usually located between the
supply tank and the fuel supply pump. The main (finer) filter will be
found between the fuel supply pump and injection pump. Additional
filtering elements are frequently installed between the injection pump
and the nozzle.

c. Diesel fuel-oil filters are referred to as full-flow filters in that all
the fuel must pass through the filters before reaching the injection
pumps. Filters must be inspected regularly and cleaned or replaced if
maximum efficiency is to be maintained. All metal-disk filters and some
cloth-bag type filter elements are cleanable, but most cloth or fabric
elements must be replaced when they become dirty. Diesel-oil filters
usually incorporate an air vent to release any air which might accumulate
in the filter during operation.

d. Metal filters are used as primary filters because the fine particles
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that may pass through them are not as injurious to the supply pump
as they would be to the injection pump. The filter illustrated in figure 98
is similar to the one described in paragraph 43 except that a cleaning
knife is added. Solids larger than 0.005” remain on the outside of the
element, and the cleaning knife serves to scrape these deposits off the
filtering disks. The solids fall to the bottom of the filter housing where
they can be removed through the drain-plug hole. The ball relief valve
in the filter cover enables the oil to bypass the filter element if the disks
become clogged.

e. Fabric filters, because of their greater filtering qualities, are used
principally as main filters for protecting the fuel injection pump. Many
of the filters in use are similar to the lubricating-oil filter described in
paragraph 103 ; however, the bag-type filter (fig. 99) is more desirable
because the element can be cleaned. The filtering medium is a large-area
bag of close, evenly woven, lintless, acid-resisting textile material. Maxi-
mum benefit is derived from the bag’s large area by keeping the sides
of the bag separated by a wire-screen mat. The screen is the same size
as the bag, and the two are detachably fastened to a central feeding
spool and wound around it. Layers of bag and screen are thus alternated
through the winding, and the entire surface of the bag is available for
filtering purposes. The fuel to be filtered flows from the filter inlet at
the top, through the spool, and out the ports to the inside of the bag.
The dirt, solids, abrasives, carbon, etc., are caught in the bag, and the
clean fuel passes outward and to the filter outlet. The bag may be turned
inside out to expel the dirt, washed, and reinstalled.
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CHAPTER 7
IGNITION SYSTEMS

Section |. BATTERY IGNITION

73. Function

a. Ignition of the fuel mixture may be accomplished by heat of com-
pression, as in the Diesel engine, or by electrical spark, as in the gasoline
engine. Spark ignition may be subdivided into two classes: battery and
magneto. Essentially these two are the same. In either instance the
fundamental job is to step up low voltage to a much higher value—
15,000 to 20,000 volts. This high voltage is capable of driving current
through the high resistance set up by pressure in the combustion chamber
and across from one sparkplug electrode to the other. The hot spark thus
created ignites the fuel mixture.

b. This chapter will include only the mechanical details of the battery
system. The electrical principles of the system are discussed in OS 9-31,
Automotive Electricity for In-line Engines, and the operation of the
magneto will be included in section II of this chapter.

74. Ignition Circuits

The ignition system is composed of two circuits—primary and secon-
dary. The primary is the low-voltage circuit; the secondary is the high-
voltage circuit. ,

a. PriMARY CIrculiT. The component parts of this circuit (fig. 100)
are the battery, the ammeter, the ignition switch, the primary winding
of the ignition coil, and the cam and breaker points.

(1) The battery is merely the source, until the engine fires and the
generator takes over, of electromotive force which pushes current through
the primary circuit when it is complete.

(2) The ammeter is not essential to the operation of the circuit but
is customarily inserted in it; it may conveniently be used to check the
general condition of the circuit.

(3) The ignition switch opens and closes the circuit.

(4) The primary winding of the ignition coil is made of several hun-
dred turns of wire of approximately the same diameter as a common
steel pin. When the circuit is closed the flow of current through the coil
builds up a magnetic field about the coil. This field collapses rapidly
when the circuit is interrupted.
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Figwre 100. Ignition Circuits.

(5) The cam and breaker points serve to interrupt the primary
circuit at certain very definite intervals. Spring tension holds the points
together. The cam is located on the distributor shaft and is driven indi-
rectly by the engine crankshaft. Ordinarily, the cam will have as many
lobes as the engine has cylinders and is rotated one-half as fast as the
crankshaft. As it rotates, the cam opens the breaker points and interrupts
the primary circuit. Within the time necessary for one revolution of
the cam, the four-stroke cycle has been completed within each cylinder
and the primary circuit has been interrupted once for each cylinder. Thus
the cam and breaker points, located in the distributor, are in reality a
timing device, the need for which will shortly become clear.

b. SEcoNDARY CircuIT. The secondary, or high-voltage, circuit (fig.
100) is composed of the secondary winding of the ignition coil, the
distributor. (insofar as it is a rotary switch), the spark-plug leads, and
the spark plugs.

(1) The secondary winding of the ignition coil is made of several
thousand turns of hair-like wire, wound either inside or outside the
primary winding. One end of this winding is grounded, usually by a
connection to the primary winding. The other end is connected by a
heavily insulated lead to the distributor. It will be remembered that a
magnetic field is built up around the coil when the primary circuit is
complete and current flows through it, and that this magnetic field col-
lapses rapidly when the circuit is opened. The rapid movement of
collapsing lines of magnetic force induces a very high voltage (15,000
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to 20,000 volts, depending on construction) in the several thousand
turns of the secondary winding. This voltage is led to the distributor,
where the rotary switch directs the impulse first to one spark plug,
then to another, and so on. The voltage being great enough to overcome
the resistance at the gap between the electrodes, the circuit is completed
to ground and the hot spark ignites the fuel mixture. The high voltage
induced in this manner is momentary; and a surge occurs each time the
magnetic field, established by current flow through the primary circuit,
is rapidly collapsed.

(2) The distributor, to the extent that it is a rotary switch in the
secondary circuit, must make contact with a spark-plug lead each time
a high-voltage surge is developed in the secondary. The high-tension lead
from the coil is connected to the center terminal of the distributor cap.
The circuit continues through the cap to the rotor, which is a revolving
arm. As it rotates, the outside edge of the arm lines up with electrodes
connected up through the cap to the terminals in which the spark-plug
leads are inserted. These terminals are positioned near the butside edge
of the cap. Since the rotor must line up with the lead to a spark plug
each time the high-voltage surge is produced, and since this surge occurs
each time the cam interrupts the primary circuit, the cam and rotor are
driven by the distributor shaft to synchronize their operation. Timing
is accomplished by adjusting the position of the distributor so that the
breaker points open and the rotor is alined with a spark-plug lead at the
proper moment for igniting the fuel mixture in the cylinder.

(3) The high-tension leads to the spark plugs are heavily insulated
to withstand the high voltage to which they are subjected. At one end
they are inserted into the terminals of the distributor cap. The other end
is connected to the spark plug.

(4) The spark plug serves to provide the proper gap across which
high voltage may create an arc within the combustion chamber. One
electrode extends through the center of the plug and is insulated by
porcelain. It is connected to the distributor block by means of high-
tension electric cable. The other electrode is attached to the steel shell
and thus is grounded to the frame through the engine block assembly.
The arc created between the two electrodes is sufficiently hot to ignite
the fuel mixture. Since the plug seals an opening in the cylinder, it must
be strong enough to withstand the pressure developed in the combustion
chamber.

75. Condenser

a. It is now possible to mention another component of the primary
circuit. The collapse of the magnetic field which induces high voltage in
the secondary circuit also induces a fairly high voltage in the primary
circuit. This voltage would tend to drive across the small gap established
as the breaker points open and interrupt the circuit.
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b. A condenser is connected across the points to detour the surge
away from the points, thus charging the condenser. The condenser then
immediately discharges; the points now being wide open, the surge
reverses through. the primary coil. The operation of the condenser is
two-fold—it prevents arcing at the ignition points and speeds up the
collapse of the magnetic field by reversing the surge. The increased
speed of collapse insures high voltage in the secondary.

Section Il.. MAGNETO IGNITION
76. General

a. Ignition of the air-fuel mixture in the cylinder combustion chamber
may be performed by an electric spark, as in the gasoline engine, or by
the heat of compression, as in the Diesel engine. The electric spark can
be produced in two ways: by magneto ignition or by battery ignition.
The magneto is a compact combination of generator, ignition coil, and
distributor. It requires no battery. Voltage is induced within the magneto
by relative movement between a coil and the poles of a permanent
magnet. Most radial engines use magneto ignition.

b. The problem in magneto ignition is to generate a spark of sufficient
voltage to ignite the air-fuel mixture instantly and to synchronize the
spark with the engine cycle so that maximum power will be realized from
the combustion. Six fundamental units are necessary:

(1) A means of developing electricity.

(2) A transforming device to increase the voltage of the electricity
developed.

(3) An interrupting device to determine the proper timing of -the
electrical impulses.

(4) A distributor to direct the electrical impulses in the proper order
to the different cylinders.

(5) A spark gap in each cylinder in the engine.

(6) The proper wiring and switches to bring these units together to
form the ignition system.

c. The first four units are contained within the magneto. The spark
plug supplies the fifth unit; wiring and switches make up the sixth unit.
The same four fundamental units that make up the magneto also can
be classified broadly as just two parts—a generator and a transformer.
The generator provides a means of inducing low voltage in a primary
circuit (par. 74a); the transformer changes the low voltage of the
primary circuit to the high voltage in a secondary circuit so that an
extremely hot spark can be produced across the spark-plug gap.

71. Comparison—Battery and Magneto lgnition
The magneto ignition system is generally reliable, requires little
maintenance, and does not have a battery to run down or wear out. Its
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Figure 101. Two Views of Magneto Rotor With Magnetic Field Going Through
the Winding First in One Direction and Then in The Opposite Direction.
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Figure 102. Magneto Rotor and Winding With Transforming
and Interrupting Devices Added.
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principal disadvantage is that it turns so slowly during the cranking
of the engine that a hot spark is not produced. Therefore, a supplemen-
tary high-voltage source must be provided. This may be a booster
magneto or a high tension coil to which primary current is supplied by
a battery. In some magnetos an impulse starter is provided which pro-
duces high armature speeds ‘at engine cranking speeds in order to
provide a hot spark.

78. Source of Electrical Energy

In studying the magneto, it should be understood that three things
are necessary to induce voltage: an electrical conductor, a magnetic field,
and relative motion between the field and the conductor. In the magneto,
a permanent magnet supplies the magnetic field, a wire coil is the con-
ductor, and the engine provides mechanical energy for motion between
the field and the conductor. There are two types of magnetos: armature-
wound, in which the coil moves while the magnets are stationary, and the
inductor type, in which the reverse is true—the magnets move and the
coil is stationary. In the inductor type, for example, a rotor which is a
permanent magnet is used to direct the magnetic field flow through the
windings, first in one direction, then in the other (fig. 101). As the
winding is stationary, it is easier to make connections from it. Either
type of construction satisfies the first requirement of an electric ignition
system, that is, a means of developing electrical energy.

Figure 103. Distributor Rotor and Blocks.
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79. Transforming Device

Most engines require about 15,000 volts at the spark gap in the
cylinder. The problem when the magneto is used is to raise the low
voltage induced in the conductor (primary winding) to the required
high voltage. This is accomplished in the same way that it is in the
battery ignition coil (par. 74b). When the current in the primary winding
or conductor is at its maximum flow, the circuit is suddenly broken,
collapsing the electromagnetic field set up around the primary circuit
as the result of current flow. The lines of force in the field collapse at
an extremely high rate of speed across the secondary winding, which
is made up of many turns of line wire, whereas the primary winding
is composed of relatively few turns of coarser wire. This rapid move-
ment of the lines of force across the secondary winding induces a
momentarily high voltage in the secondary winding, in proportion to the
ratio of the number of turns on the primary winding to the number on
the secondary winding. This makes about 15,000 volts available at the
spark gap and satisfies the second requirement for an ignition system.

80. Interrupting Device

o. BREAKER PoINTs, The interrupting device which breaks the primary
circuit when the high-voltage spark is desired is a set of breaker points
(fig. 102). One end of the primary winding is connected to ground;
the other end is connected to the insulated breaker point. When the
points are closed, the circuit is completed through them to a ground.
When they are open, the circuit is broken. Lobes on a cam actuate the
breaker points, interrupting the primary circuit and timing the induction
of maximum voltage in the secondary circuit. The cam is mounted on
either the armature or rotating magnet.

b. ConDENSER. When the breaker points are opened, the current then
flowing in the primary circuit has a certain amount of inertia due to its
motion and tends to arc across the points, reducing the speed with which
the circuit is broken and the magnetic field collapsed. This inertia is
controlled by inserting a condenser in parallel with the breaker points.
When the primary circuit is broken, the condenser receives the surge of
current and then, on discharging, reverses the normal flow of current;
it thus hastens the collapse of the magnetic field around the primary
winding and increases the amount of voltage induced.

81. Distributor

a. The distributor rotor, which directs the electrical impulses in
proper order to the cylinders, is fastened to a large distributor gear
(fig. 103). It is driven by a smaller gear located on the drive shaft of the
rotating magnet or armature (depending on the type of magneto). The
ratio between these two gears is such that the distributor cylinder is
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always driven at one-half crankshaft speed. This ratio insures that each
cylinder will be fired during the cycles of the engine.

b. One end of the secondary winding is grounded to the primary.
The other end terminates at the high-tension insert, which is a piece of
metal extending through the bakelite case covering the coil. The high-
tension voltage developed in the secondary coil passes through the insert
to a carbon brush and then internally through the distributor rotor to the
electrodes on the surface (fig. 104). The rotor is timed so that these
electrodes will line up with other electrodes on distributor blocks to
which spark-plug leads are connected.

c. The spark-plug assembly provides a gap where a surge of high
voltage may cause a spark to ignite the fuel mixture. One spark-plug
electrode is connected to the high-tension cables from the distributor
blocks; the other is fastened to a ground. Most radial engines have two
spark plugs per cylinder and two separate magnetos for the ignition
system. The second spark plug insures better combustion.

d. The high-tension wires which conduct the current from the dis-
tributor blocks to the spark plugs are commonly called the ignition
“harness.” As a magneto ignition system transmits a form of high-
frequency current, radiations emanating from it during operation will
interfere with radio reception if the ignition system is not shielded. This
shielding is a metal covering of woven construction that surrounds the
wires. Plain metallic shields cover the distributor blocks and booster
coil. The shielding is grounded to the engine so that it can pick up the
undesirable radiations from the magneto and carry them directly to a
ground. The radiations are thus prevented from reaching the vehicle’s
radio aerial and interfering with reception,

82. Booster Coil

It was mentioned previously that magneto speed during cranking is
not high enough to develop a hot spark. An external source of high-
tension current for starting is provided either by a booster magneto
or by a high-tension coil with the primary current being supplied by a
battery. The coil method is the most common. Current from the booster
coil, which operates just like the coil in the battery ignition system, is
conducted to the booster electrode on the distributor rotor. This elec-
trode follows directly behind the electrode through which current flows
for normal operation, giving the slower or retarded spark required for
starting. From the booster electrode the current follows on its way to
the spark gap. It crosses the air gap to the distributor-block electrodes
and then goes through the high-tension wires to the spark plugs.

7520760—48—10
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CHAPTER 8
COOLING SYSTEMS

Section . COOLING ESSENTIALS

83. Need for Cooling

All internal combustion engines are equipped with some type of cool-
ing system because of the great amount of heat they generate during
operation. Heat is highly necessary, as it causes expansion of the gases
which act on the head of the piston. Without heat, power could not be
produced. However, it #s not possible to use all of the heat of combustion
without producing harmful results. There is no accurate method of
measuring the temperature in the combustion chamber during the burn-
ing of fuel, but it has been determined to be about twioe the temperature
at which iron melts. Therefore, if nothing is done to cool the engine
during operation, valves will burn and warp, lubricating oil will break
down, pistons and bearings will overheat, and pistons will seize in the
cylinders.

a. Only about one-third of the heat created by combustion must be
dissipated by the cooling system. Other important but often overlooked
mediums of cooling an internal combustion engine are the fuel and the
lubricant. Cooling is not their primary purpose, but they nevertheless
dissipate an appreciable amount of heat. Additional heat is lost through
the exhaust. There must be careful control over the amount of heat
dissipated because thermal efficiency is directly proportional to operating
temperature. For liquid cooled engines, the ideal operating temperature
is just below the boiling point of the coolant used if this temperature
is not so high that it breaks down the lubricant.

b. Cooling systems usually are classified as liquid or air. Diesel- and
gasoline-engine cooling systems are similar mechanically; however, the
Diesel runs cooler and it is not necessary that the capacity of its cooling
system be as large as that of a gasoline engine. Diesel engines usually
have the same size radiators as gasoline engines, but the speed and size
of the fans are reduced. 8

84. Coolants
Water is the most widely used coolant for liquid-cooled engines. It
should be clear and soft. Water is usually available, it costs practically
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Figure 104. Side View of Distributor Rotor.

nothing, and its boiling point falls within the range of efficient operating

temperatures. The main objection to the use of water is that it has a

high freezing point and cannot be used alone at temperatures below .
32° F. Ethylene glycol is used in some liquid-cooled aircraft engines

where the cooling system is sealed. Its advantages are that it does not

evaporate in use, has a higher boiling point than water, does not require

renewal unless lost through leakage, and requires less radiator area to

obtain the same degree of cooling that water gives.

85. Additives

a. ANTIFREEZE. When a vehicle is operated where the atmospheric
temperatures fall below 32° F, an antifreeze solution must be added if
water is used as the cooling liquid. The four solutions in common use are
methyl alcohol, ethyl alcohol, glycerin, and ethylene glycol. The first
two, prepared commercially as antifreezes, are the cheapest and provide
adequate protection when used in sufficient quantities. The main objection
to them is that they boil and evaporate if normal operating temperature
is exceeded. Glycerin offers the same degree of protection as alcohol and
does not evaporate in use because it has a high boiling point. Ethylene
glycol (anti-freeze compound) has an extremely high boiling point
(330° F), does not evaporate in use, is noncorrosive, has no odor, and
furnishes complete protection when used in the proper amount. The
maximum protection from freezing is obtained from a solution of 40
percent water and 60 percent anti-freeze compound. This mixture gives
protection at temperatures as low as minus 65° F. A higher concentra-
tion of anti-freeze compound will only raise the freezing point of the
solution. If 100-percent anti-freeze compound is used, the freezing
point is not much below that of water.
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b. INHIBITORS. The cooling system must be free of rust and scale in
order to maintain its efficiency. The use of inhibitors or rust preventives
will reduce or prevent corrosion and the formation of scale. Inhibitors
are not cleaners and do not remove rust or scale already formed; they
are merely added to the cooling liquid to arrest further rust or corrosion.
Most commercial antifreezes contain an inhibitor. If water alone is used
as the coolant, an inhibitor should be added.

86. Flow of the Coolant

A simple liquid cooling system consists of a radiator, a coolant pump,
piping, a fan, a thermostat, and a system of jackets and passageways
throughout the engine within which the coolant circulates. Some engines
are equipped with a water distribution tube inside the cooling passages
that directs additional coolant to the points where temperatures are high-
est. Cooling of the engine parts is accomplished by keeping the coolant
circulating and in contact with the metal surfaces to be cooled. The pump
draws the coolant from the bottom of the radiator, florces it through the
jackets and passages, and ejects it into a small tank on top of the radiator
(fig. 105). The coolant passes through a set of tubes to the bottom of
the radiator and again is circulated through the engine by the action of
the pump. A fan draws air over the outside of the tubes in the radiator
and cools the liquid as it flows downward. It should be noted that the
liquid is pumped through the radiator from the top down. The reason for
this direction of flow is that thermosiphon actions aids the pump to cir-
culate the coolant. This simply means that as the coolant is heated in the
jackets of the engine, it expands, becomes lighter, and flows upward to
the top of the radiator. As cooling then takes place in the radiator tubes,
the coolant contracts, becomes heavier, and sinks to the bottom. This
desirable thermosiphon action cannot take place if the level of the cool-
ant is permitted to become low.

Section ll. LIQUID COOLING SYSTEM

87. Engine Water Jacket

a. The water passages in the cylinder block and cylinder head form
the engine water jacket (fig. 105). In the cylinder block, the water jacket
completely surrounds all cylinders along their full length. Within the
jacket, narrow water passages are provided between cylinders for coolant
circulation. In addition, water passages are provided around the valve
seats and other hot parts of the cylinder block.

b. In the cylinder head, the water jacket covers the combustion cham-
bers at the top of the cylinders and contains water passages around the -
valve seats when they are located in the head. The coolant flows from
the cylinder block up into the cylinder head through passages called
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Figure 106. Water Pump.

Figure 107. Cooling Fan, Drive Belt and Shroud.



water transfer ports. A tight seal at the ports between the cylinder head
and block is very important. The water-tight seal at the ports, as well
as the gastight seal at the combustion-chamber openings, is obtained
with one large gasket called the cylinder-head gasket. It has two func-
tions to perform: it must seal the extreme pressures of combustion
within the cylinders and at the same time maintain a tight seal in the
coolant joints at the water transfer ports.

88. Radiator

Radiators for automotive vehicles using liquid cooling systems con-
sist of two tanks with a core between them to form the radiating element
(fig. 105). The inlet tank contains an outside pipe called the radiator
inlet and usually has a coolant baffle inside and above, or at, the inlet
opening. The radiator filler neck is generally attached to the upper part
of the top tank and has an outlet to the overflow pipe. The outlet tank
also has a pipe opening (radiator outlet).

a. The inlet tank collects incoming coolant and distributes it across
the top of the. radiator core. The baffle in the tank assists in distributing
the coolant to the water tubes and also prevents coolant from being
thrown out of the radiator. The over-flow pipe provides an opening
from the radiator for escape of coolant or steam that otherwise might
case excessive pressure which would rupture the thin metal walls of
the radiator. The bottom tank collects coolant flowing from the core and
discharges it through the radiator outlet.

Figure 108. Thermostat.
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Figure 109. Thermostat Closed.

b. Some liquid cooling systems have tubular radiator cores which con-
sist of a large number of vertical water tubes and many horizontal
air fins around the tubes. Water passages in the tubes are narfow, and
the tubes are made of thin metal. The core divides the coolant into very
thin columns or ribbons, thus exposing a large radiating surface to the
volume of liquid to be cooled.

89. Water Pump

All modern cooling systems have water pumps to circulate the coolant.
The pump, usually located on the front or side of the engine block,
receives coolant from the bottom of the radiator and forces it through
the water jacket into the radiator inlet tank. The pump is a centrifugal-
type pump and has an impeller with blades which force the coolant out-
ward as the impeller rotates (fig. 106). The pump and fan usually are
driven from a common V-belt which is driven by a pulley at the front
end of the crankshaft. Advantages of the centrifugal pump are that it is
inexpensive, circulates great quantities of liquid for its size, and it is
not clogged easily by small particles of dirt. Another advantage is that
it permits limited circulation by thermosiphon action even if the engine
is not running.
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Figure 110. Thermostat Open.

90. Fan and Shroud

The fan pulls a large volume of air through the radiator core. In addi-
tion to removing heat from the radiator, this flow of air also provides
some direct air cooling of the engine. Military vehicles are often equipped
with a tunnel-like structure (shroud) around and behind the fan. The
shioud directs the flow of air for most effective cooling (fig. 107).

91. Thermostat

As the pump starts the coolant circulating through the system as soon
as the engine is started, no matter how low the temperature, a thermo-
stat must be installed to assure quick warm-up and to prevent over-
cooling in cold weather. A thermostat regulates engine temperature by
automatically controlling the.amount of coolant flowing from the engine
block to the radiator core.

a. When the engine is cold, the thermostat is closed and the coolant is
recirculated through the water jacket without entering the radiator. As
the engine warms up, the valve slowly opens and some of the coolant
begins to flow through the radiaor, where it is cooled. The thermostat
is merely a heat-operated unit which controls a valve between the water
jacket and the radiator. A typical thermostat consists of a flexible-metal
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) Figure 111a. Pressure Radiator Cap.

RADIATOR OVERFLOW TANK
RA PD 341937

Figure 111b. Owverflow Tank and Pressure Cap.
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bellows attached to a valve (fig. 108). The sealed bellows, which is
expandable, is filled with a highly volatile liquid such as ether. When
the liquid is cold the bellows chamber is contracted and the valve is
closed (fig. 109). When heated, the liquid is vaporized and expands the
chamber. As the chamber expands, the valve opens (fig. 110). Other
types include a sealed copper bellows containing only air; another is
bimetallic and depends upon the difference in coefficients of expansion
of the two metals for its- operation.

b. The thermostat is located between the water jacket and the radiator,
usually in the housing at the cylinder-head water outlet. It is constructed
so that if it fails to function properly it will fail in the open position,
allowing free circulation of water through the engine.

¢. Some military vehicles are equipped with air inlet screens or shut-
ters. They have no direct connection with the cooling system and are
primarily for protection. However, they may be used to supplement or
replace the action of a thermostat and are operated either by hand or
by an automatic thermostatic device. The shutters restrict the flow of cool
air through the radiator when the coolant is below a predetermined
temperature. When the coolant reaches the proper temperature, the
shutters start to open.

92. Pressure Radiator Cap

Some cooling systems are sealed and use a pressure-type radiator cap
(fig. 111). By closing off the overflow-pipe opening, the pressure cap
prevents overflow loss of coolant during normal operation. It also allows
a certain amount of pressure to develop within the system, which raises
the boiling point of the coolant and permits the engine to operate at higher
temperatures without coolant overflow from boiling. The cap contains
two spring-loaded normmally closed valves which seal the system. The
larger valve is the pressure valve, and the smaller one is the vacuum
valve. The pressure valve acts as a safety valve to relieve extra pressure
within the system; the vacuum valve opens only when the pressure
within the cooling system drops below the outside air pressure as the
engine cools off. Higher outside pressure then forces the vacuum valve
to open, allowing air to enter the system by way of the overflow pipe.

93. Overflow Tank

When the cooling system is equipped with an overflow tank the pres-
sure cap is placed on the tank instead of on the radiator, and a plain
cap is used on the radiator. Overflow or surge tanks are special equip-
ment for operation in hot or dry country. The coolant expands as it is
heated and contracts as it cools, consequently, the level of coolant in the
radiator is conmstantly changing as the engine operating temperature
changes. This condition is further aggravated when the temperature
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Figure 112. Radial Engine Cowling or Shroud.

becomes high enough to change the water to steam. The expansion is
much greater and the pressure is also increased. The overflow tank
makes it possible to keep the radiator full at all times. Overflow from
the radiator, caused by the expansion or surging of steam vapor within
the cooling system, passes through a tube to the overflow tank. The
pressure cap on the overflow tank controls the pressure within the system .
in the same manner as described in the preceding paragraph. The plain
cap on the radiator effectively seals the radiator opening so that the only
vent to the atmosphere is through the cap on the overflow tank. When
the coolant cools off it contracts and the pressure in the upper part of
the radiator drops below atmospheric. The pressure in the overflow
tank, which is maintained above atmospheric by the presure cap, forces
the liquid to return to the radiator where it is available for circulation
through the engine,

Section lll. AIR COOLING SYSTEM

94. General

It is acknowledged that the thermal efficiency and power output of an
engine are directly proportional to the heat of combustion. However,
there are many disadvantages in permitting an engine to operate at top
temperatures. Preignition, valve warpage, and spark-plug failures are
only a few of the difficulties that may result. Some of the heat of com-
bustion must be dissipated through a cooling medium. This is accom-
plished in the radial engine by air cooling, with substantial assistance
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from the fuel and lubrication systems. The radial engine is designed to
consume a certain amount of oil as a cooling aid; it is also cooled by
fuel contacting the metal parts prior to combustion.

95. Construction

There are several physical characteristics peculiar to the automotive
air-cooled engine: the cylinder head and barrel are heavily finned for
strength and adequate cooling; air deflectors or baffles direct the air flow
to the cylinders and increase its velocity ; a streamlined ring-type cowling
or shroud surrounds the engine as another means of controlling the air-
flow; and a cooling fan is mounted on the flywheel to direct air to the
cylinders, at the same time increasing the speed of the air.

96. Principles .

Construction of the parts mentioned in the preceding paragraph em-
bodied several fundamental principles of cooling: the rate of cooling is
dependent upon the area exposed to the cooling medium, the heat con-

‘dhctivity of the metal used, the volume of metal or its size in cross
section, the amount of air flowing over the heated surfaces, and the
difference in temperature between the metal surfaces exposed and the
cooling air.

97. Components

a. CowrLING. The engine cowling surrounds the cylinders and helps
keep the flow of air near them. It is made in three sections: the upper
and lower sections and the outer ring (fig. 112). At the rear edge the
cowling is connected to the cowl mounting bosses, to the head and inter-
cylinder baffles, and akso at the front of the rocker boxes. At the front
edge the cowling is bolted to the outer ring, which provides a means of
support and completes the cowling framework.

b. CooLiNG FAN. The cooling fan is mounted on the flywheel and
operates within the front of the cowling (fig. 113). Its main job is to
force air through the cooling passages formed between the cowling and
baffles. In early engine design, the objective of the cooling system was to
force @ large volume of air across the engine, with a relatively small
change in pressure; there was little obstruction to the free flow of air.
However, it was noticed that the velocities over the rear heat-transfer
surfaces of the cylinders were too low for good heat transfer. Some
method had to be devised to increase the velocity of air and thereby
increase the effectiveness of the fan.

¢. BaFrLEs. Baffles or deflectors (fig. 114) are used to obtain more
effective use of the cooling air and to increase velocity of the air flow
over the fins.  They limit the volume of air and confine it to useful heat-
transfer passages. The result is an appreciable difference in pressure

153



154

Figure 113. Radial Engine Cooling Fam. '

Figure 114. Radial Engine Baffles or Deflectors.



across the fin-baffle passages, which gives the desired increase in velocity
for hastening heat transfer. (This is actually a simple application of the
Venturi principle—a restriction is used to increase velocity and decrease
pressure.) The conventional arrangement of baffles places them only on
the rear of the cylinders, where they direct air from the cooling fan to
the fins on the rear sides of the cylinders. The unbaffled front portion is
cooled by turbulence attributed partly to air passing the front edge of
the cowling and partly to rotasion of the cooling fan,

d. FinNs. The design of the fins also has some effect on the velocity of
air flow. Use of high fins exposes more surface for heat transfer but
increases the size of the air passages, reducing the velocity of air flow.
On the other hand, if low fins are used the size of the air passages is
reduced and velocity increases, but there is less surface available for
heat transfer.
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CHAPTER 9
LUBRICATING SYSTEMS

98. Purpose

a. Engine lubricating oils have four functions: to prevent metal-to-
metal contact, assist in carying heat away from the engine, clean the
engine parts as they lubricate, and form a seal between the piston rings
and cylinder walls to prevent “blow by” of the combustion gases.

b. The primary function of engine lubrication is to reduce the friction
between moving parts. Oils are used to reduce friction not only because
friction uses up power that otherwise would be available to drive the
vehicle but also. because friction is destructive and creates heat that can
cause moving parts to disintegrate. The greater the friction present
betwen moving parts, the greater the energy required to ovecome that
friction. This increase in energy merely adds to the heat generated. Moving
parts that have become deprived of oil will melt, fuze, or seize after a
very short period of engine operation. It is lubrication alone which makes
possible the use of plain bearings or bushings in a modern engine.
Cylinders and pistons must be effectively lubricated to prevent burning
or seizure of the parts as they move against one another; friction is
severe at certain points, particularly along the surfaces of the piston rings
where they contact the cylinder walls. Although the crankshaft, connect-
ing-rod, and -piston-pin bearings, pistons, and rings are the most im-
portant engine lubrication points, there are many other parts which must
have an adequate supply of oil. Valve stems must operate under stress
and great ranges of temperature for long periods of time. Valve lifters
and cams must be lubricated. All gears and accessory drives must be
constantly bathed in oil, as must every other moving part in the engine
that is subject to friction.

c. The oil is heated through contact with pistons and cylinder walls,
after which it drops into the oil pan. The flow of air past the oil pan
then cools the oil. In some instances where the oil pan is not exposed to
a flow of air, it is necessary to add an oil-cooling unit (par. 105) which
is a functional part of the water cooling system.

99. Engine Oils

a. Mineral oil is used in most internal combustion engines. Racing and
other engines which operate under exceptional condition use castor oil
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Figure 115a. Gear-type Oil Pump.

or other special oils. Lubricating oils are designated according to certain
characteristics they possess and according to their reactions to certain
tests. Oil ordinarily is classified according to its viscosity.

b. The viscosity of an oil refers to its resistance to flow. When oil is
hot, it will flow more rapidly than when it is cold. In cold weather, there-
fore, oil should be thin (low viscosity) to permit easy flow. In hot
weather, oil should be heavy (high viscosity) to retard the rate of flow.
The atmospheric temperature in which a vehicle is to operate determines
whether an engine oil of high or low viscosity should be used. If, for
example, too thin an oil were used in hot weather, the oil would literally
burn up; consumption would be excessively high, and the lubricating
cushion between moving parts would be too thin to provide adequate
protection for the parts. In cold weather heavy oil would not give ade-
quate lubrication, because its flow would be sluggish; some parts of the
engine might not receive any oil at all.

c. Oils are graded according to their viscosity by a series of SAE
(Society of Automotive Engineers) numbers. The Army has stan-
dardized its engine oils on three grades: SAE 10, SAE 30, and SAE 50.
The higher the SAE number, the more viscous or heavy is the oil. This
method of designating oils has no connection with the quality of the oil.

d. Oil does not wear out, but it does become contaminated and diluted.
When dust enters through the carburetor, some of it mixes with other
foreign material to form deposits in the combustion chamber. Some of
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the dust also moves down beyond the piston rings and gets into the
crankcase. This dirt, together with dirt entering through the crankcase
breather pipe, mixes with oil and is deposited on the bearings, causing
excessive wear. Water, which is one of the products of combustion, will
seep by the piston rings as steam (especially in cold weather) and will
condense in the crankcase. This water emulsifies with the oil and with
any dirt or foreign matter present to form a thick sludge which clogs up
the oil lines and lubricating passages. Contamination of engine oils is
minimized by controlling engine temperature, by an air cleaner on the
carburetor, by oil filters, and by controlled crankcase ventilation.

e. When lubricating oil becomes diluted with gasoline, it loses its
viscosity and some of its lubricating qualities. Excessive use of the choke
causes an overrich mixture to be forced into the cylinders. The excess
gasoline remains in a liquid state and drains by the piston rings into the
crankcase, where it mixes with the oil. When the engine operates at
higher temperatures, this condition is corrected as the excess gasoline
vaporizes in the crankcase and is carried off through the ventilation
system. Presence of gasoline will not lower the oil level but will maintain
or even raise it. However, the lubricating quality of the oil is definitely
reduced.

100. Oil Pumps

Oil pumps are mounted either inside or outside the crankcase, depend-
ing on the design of the engine. They usually are mounted so that they
can be driven by a worm or spiral gear directly from the camshaft. Oil
pumps are of three general types—gear, vane, and plunger.

A gear oil pump is shown in figure 115. In this type a gear driven by
the camshaft drives a companion gear. Oil is forced into the pump cavity,
around each gear, and out the other side into the oil passages. The pres-
sure is derived from the action of the meshed gear teeth, which prevents
oil from passing between the gears and, instead, forces it around the
cutside of each gear. The two radial-engine pumps, the main pump and
the front scavenger pump, are both of the gear type. The main pump
is divided into two separate sections — a pressure pump and a scavenger
pump. The pumps have two spur gears with large teeth for each section.
The pressure section supplies oil for lubrication of the internal circuit;
the scavenger section returns oil from the rear of the sump to the supply
tank. The pump is driven through a bevel gear, which is driven by a
similar gear on the left magneto drive shaft. The oil pump incorporates a
pressure-relief valve which is a spring-loaded ball that rises when the
desired pressure is reached and allows the excess oil to be delivered to the
inlet side of the pump. Pressure regulation is accomplished by turning
the adjusting screw, which increases or decreases the tension in the
spring. The front scavenger pump is also a gear-type pump. It is built
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Figure 115b. Radial Engine Combination Pressure and Scavenger
Gear-type Oil Pump.

into the crankcase front section and is driven directly off the crankshaft.
Oil from the front part of the sump is forced through an external tube
to the front scavenger pump, where it is returned to the supply tank.
The scavenger section of the main pump picks up oil from the main part
of the sump.

101. Oil Gages

There normally are two oil gages in an engine — one indicates the
pressure of the oil in the lubricating system, the other indicates the oil
level in the oil pan if the gage is in a wet-sump system. In the case of
radial engines, oil is measured by oil-level gages located in storage tanks.

a. PrRessURE GAGE. The pressure gage is mounted on the instrument
panel. It is calibrated in pounds per square inch or in some other com-
parative system to indicate the pressure in the lubrication system. The
gage on the instrument panel is connected to an oil line tapped into the
main oil supply passage leading from the pump. The pressure of the oil
in the system acts on a diaphragm within the gage, causing a needle to
register on a dial. Vehicles are fitted with proper gages and instructions
may be found in pertinent TM’s as to the pressure which should be
maintained. If some part of the engine lubricating system becomes clog-
ged, the pressure indicated on the gage will rise abnormally. New or
cold oil also will produce high pressure readings.

b. O1L-LEVEL GAGE. The oil-level gage is usually of the bayonet type.
It consists of a small rod which extends into the oil pan through a small
hole in the side of the crankcase near the oil filler opening. It usually is
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marked to show empty, low, and full oil levels. Readings are taken by
pulling the gage out from its normal place in the crankcase, wiping clean,
replacing and again removing and noting the height of the oil on the
lower end.

c. WARNING LicHTS. Electrically operated warning lights for indicating
oil pressure are being used in combat vehicles. These lights register only-
abnormal pressure — too low or too high.

102. QOil Strainers

a. Most manufacturers of in-line and V-type engines place at least one
oil strainer in the lubrication system (fig. 116). This is usually a fine-
mesh bronze screen located so that all oil entering the pump from the
oil pan must flow through it. The strainer will usually be hinged to the
oil-pump inlet so that it floats on top of the oil. Thus, all oil taken into
the pump comes from the surface. This prevents the pump from drawing
oil from the bottom of the oil pan where dirt, water, and sludge are likely
to collect.

b. The radial engine lubrication system has two finger-type screen
strainers, one coarse and one fine. The coarse strainer is in the rear of
the sump (fig. 117), and oil is forced through it on the way to the
scavenger section of the main oil pump. The fine strainer is located in
the oil pump to the right of the governor. Oil passes through this strainer
on its way from the supply tank to the pressure section of the main
pump. Most strainers are designed so that they will be collapsed by high
oil pressure if they become clogged, thereby preventing the possibility
of a complete stoppage of oil flow and consequent damage to the engine.

103. Oil Cleaner (Filter)

a. The oil cleaner is placed in the oil line above the pump (fig. 116). It
filters the oil and removes most of the impurities (dirt, sand, and metal
particles) that have been picked up by the oil as it has circulated through
the engine and have not been caught by the strainer. The cleaner is
mounted outside the engine and is connected so that part or all of the
oil passes through it each time the oil is circulated through the engine.
Some filters, called full-flow filters, are designed to handle the full out-
put of the oil circulating pump, and all of the oil passes through them
before being distributed to the engine parts. Other types divert only a
small amount of the oil each time it is ciroulated and, after filtering it,
return it directly to the oil pan.

b. A typical filter unit is shown in figure 118. The filtering element
consists of an arrangement of screens and a filtering material capable
of retaining impurities as the oil is forced through. Filters will eventually
become blocked with impurities so that the oil cannot pass. For this rea-
son, most filters are provided with relief or bypass valves which allow
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Figure 116b. Lubrication System of In-line and V-type Engines.
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RA PD 6727
Figure 117. ' Oil Stroiner.

the oil to flow around the filter when the back pressure caused by clog-
ging is greater than the tension of the relief-valve spring. Some filters
must be replaced after they are clogged; in others, the filter element can
be removed and cleaned.

c. The radial engine oil filter is usually of the disk type. It consists of
a series of stationary disks or cleaning blades attached to the unit and a
second set of filtering disks attached to a shaft. The oil passing into the
engine system flows from the outside of the filtering disks to the inside
through narrow slots between the disks, the dirt collecting on the outer
surfaces. Cleaning is accomplished by turning the shaft; the stationary
cleaning blades pass between the moving disks, and the dirt drops down
into the chamber below the filter, where it stays until the filter unit is
removed for cleaning. The movable filtering disks are turned by hand
or by a hydraulic unit on top of the filter. Oil returning from the engine
to the supply tank is used to operate the hydraulic unit.

104. Crankcase Ventilators

Gasoline vapor and steam are harmful if they are allowed to remain
in the crankcase oil. Steam will condense and mix with oil to form
sludge ; gasoline vapor will condense and dilute the oil. There are two
methods of removing these vapors from the crankcase. The first, or non-
positive, method consists of a breather tube which depends on the flow
of air past its open end to remove the vapors. The second, or positive,
method utilizes engine intake-manifold pressure to circulate air through
the engine.

o. BREATHER TUBE. One end of the breather tube opens into the crank-
case above the oil level; the other end extends down under the vehicle,
where there is sufficient air stream to create a low pressure at the open
end of the tube (fig. 119). The pressure differential between the crankcase
and the open end of the tube is sufficient to force any vapors out of the
crankcase. Some breather tubes are placed so that air from the cooling
fan will flow through the tube and increase the pressure differential.
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Figure 118. Osl Filter.
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Figure 119. Crankcase Breather Tube.



Figure 120. Positive Crankcase Ventilation.

There is an opening in the valve cover so that air can enter to replace
that forced out the breather tube.

b. Positive METHOD. In this case air is drawn directly into the crank-
case through a filter similar to a carburetor air cleaner (fig. 120). After
circulating through the crankcase and picking up vapors, the air is forced
upward and out of the engine through an opening in the valve cover. It
then goes through a tube connected to the intake manifold. This tube has
a restriction to regulate the amount of vapor being forced into the mani-
fold, thereby minimizing the effect of the vapor on the air-fuel ratio
delivered to the manifold by the carburetor. In connection with crankcase
ventilators, it should be emphasized that, when possible, an engine should
be operated at a coolant temperature of over 140° F. so that the volatile
impurities in the crankcase will stay in a gaseous state and those already
condensed will be vaporized and rise above the oil, where they can be
removed. .

¢. BREATHER, RapIAL ENGINE. Most radial engines use a variation of
the breather tube. Like in-line engine crankcases, the radial-engine crank-
case has pressures generated within it by expansion of gases, by leakage
of pressure past the piston rings, and by other similar actions. It is neoes-
sary to have some form of breather opening to relieve the pressures.
Formerly, the radial engines on automotive vehicles used a system of
internal breathing between the accessory and main crank sections; the
only external vent was located in the front section and was connected
with the external tank, where the oil supply is carried. This permitted
oil vapor to condense and return to the system rather than be lost, as it
would be if the engine were vented directly to the atmosphere. Now,
however, the engine has external vents leading from the accessory and
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Figure 121. Qil Temperature Regulator (Cooler).

Figure 122. Combination Splash and Force-feed Lubrication System.
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Figure 123. Force-feed Lubrication System.

Figure 124. Full Force Feed Lubrication System.
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tappet (rear part of main crank section) sections through an air filter
to the atmosphere. Air goes through the filter in two directions. When
the engine is cool and the pressure inside the crankcase is low, air is
drawn in through the filter. As the engine warms up and pressure
develops, the pressure is relieved by the gases escaping through the filter.

105. Oil-Temperature Regulator and Cooler

a. OIL-TEMPERATURE REGULATOR. The oil temperature regulator is used
to prevent the oil temperature from rising too high in hot weather and
to assist in raising the temperature during cold starts in winter weather.
The regulator shown in figure 121 makes use of the liquid in the cooling
system. It provides a more positive means of controlling oil temperature
than does cooling by radiation of heat from the oil-pan walls. The regu-
lator unit is made up of a core and a housing. The core, through which
the oil circulates, is of cellular or bellows construction’ and is built to
expose as much of the oil as possible to the acoolant which circulates
through the housing. The regulator is attached to the engine so that the
oil will flow through the regulator after passing through the pump. The
oil leaves the regulator either cooled or heated, depending upon the tem-
perature of the liquid in the cooling system, and enters the oil passages
to the engine parts.

b. O1L CooLEr. Oil coolers of the type used with combat vehicles con-
sist of a radiator, through which air is. circulated by movement of the
vehicle or the ocooling fan. Oil from the engine is passed through this
radiator and back to the engine and to the oil supply tank. This radiator
acts only to cool the oil and does not function as a regulator in which
the temperature may be increased during cold weather operations.

106. Lubricating Systems

All important working parts of an engine are lubricated by oil carried
in the crankcase. The fact that oil is always present in the crankcase
explains why the lubricating system used in most in-line engines is
known as a wet-sump system, The dry sump is common to radial
engines. The oil in the in-line engine wet-sump system is circulated
under pressure (force-feed) or splash mechanically on the surfaces to
be lubricated. The different methods of circulating the oil are known as
splash, combination splash and force-feed, force-feed, and full force-
feed.

a. CoMBINATION LUBRICATING SysTEM. Engines no longer use a
straight splash system, but they do use splash in combination with force-
feed. In the combination system, oil is pumped under pressure directly
to the main bearings through oil passages (fig. 122). Positive pressure
also is provided for- lubrication of the camshaft bearings. Connecting-
rod bearings are lubricated by dippers on the rod bearing caps, which dip
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into oil-filled troughs in the oil pan. The dippers entering the oil also
splash oil up into the cylinders and over the pistons and cylinder walls.
Lubrication of the valve mechanism in an overhead-valve engine is
accomplished by oil pumped to the hollow rocker-arm shafts.

b. Force-FEED LUBRICATING SyYSTEM. In the force-feed system of
lubrication, oil is forced by the pump to the main bearings, the connect-
ing-rod bearings, and the camshaft bearings (fig. 123). If the valves are
overhead, the rocker arms are also force-fed as in the combination
system. The cylinders and pistons are still lubricated by splash. The
connecting-rod bearings receive oil from the main bearings through
passages drilled in the crankshaft.

¢. FuLL Force-FEED LUBRICATING SYSTEM. In the full force-feed
system (fig. 124) all bearings mentioned in b above and the piston pin
bearings in addition are lubricated under pressure. The pistons and
piston pins are lubricated by oil forced through rifle-drilled passages
which run the length of the connecting rods. Oil sprayed out of these
passages lubricates the pistons and cylinder walls.
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PART THREE
ELECTRICAL SYSTEMS AND RELATED UNITS

CHAPTER 10
ELECTRICAL SYSTEMS

N

Section I. BATTERY
107. General

a. CHARGING AND DisCHARGING. The storage battery provides elec-
trical energy through a chemical reaction. When a generator in the elec-
trical system of a motor vehicle produces more electrical energy than
required for ignition and for operating electrical accessories, the surplus
passes through the battery to reverse the chemical reaction. This is
known as charging the battery. When the generator is not producing the
necessary electrical energy the ‘battery, through chemical reaction, can
supply the energy required in the electrical system of the vehicle. The
battery is then said to be discharging.

b. CompARIsON WITH WATER STORAGE. In any system of storage, if-
more is taken out than is put back, the reservoir ultimately becomes
empty. Comparing the electrical system of a motor vehicle to a water
storage system (fig. 125) will explain why a storage battery runs down
or becomes discharged. If more water is taken from the outlets than can
be pumped into the tank, the tank eventually runs dry. Similarly, if the
energy used by the starter, lights, horns, etc., exceeds the energy input
from the generator, the battery eventually becomes discharged or loses
its energy. If the engine is not in good order, more energy may be
required for starting than the generator can put back in a limited time.
Electrical accessories that continuously require more energy than the
generator can provide are a drain on the battery and will discharge it.

108. Construction

The storage battery, as used for starting, lighting, and ignition pur-
poses, consists of three or more cells, depending upon the voltage desired.
A battery of three cells (2 volts each) connected in series is known as a
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Figwre 125. Comparison of Storage Battery and Water Reservoir.

6-volt battery and one of six cells connected in series is known as a
12-volt battery. Typical battery construction is shown in figure 126.

a. PLates. (1) Each cell consists of a hard rubber jar or compart-
ment into which are placed two kinds of lead plates, known as positive
and negative. These plates are insulated from each other by suitable
separators and are submerged in a solution of sulphuric acid and water.

(2) The backbone of both the positive and negative plates is a grid
made of stiff lead alloy casting. The grid, usually composed of vertical
and horizontal cross members, is carefully designed to give the plates
mechanical strength and at the same time to provide adequate conduc-
tivity for the electric current created by the chemical action. The active
material, composed chiefly of lead oxides, is applied to the grids in
paste form, allowed to dry and harden like cement. Part of a grid is
shown in figure 127, with a cross section showing the active material
in place. The plates are then put through an electrochemical process that
converts the hardened active material of the positive plates into brown
lead peroxide and that of the negative plates into gray, spongy, metallic
lead. Plates that have been put through this process, known as forming
the plates, are shown in figure 128 (1) and (2).

b. Groups. After the plates have been formed, they are built into posi-
tive and negative groups. The plates of each group are permanently
joined by melting a portion of the lug on each plate to form a solid
weld with a connecting post strap. The heat necessary for this process,
termed “lead burning,” is produced by a gas flame or an electric arc. The
connecting post strap to which the plate lugs are burned contains a

m



sPace
PATE

. BA 10 902
Figure 126. Storage Battery Cross Section.

ACTIVE
MATERIAL

SEPARATOR

RA PD 354379

Figure 127. Section of Battery Plate Grid with Cross Section Showing
Active Material in Place.
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cylindrical terminal which forms the outside connection for the cell. The
negative group of plates has one more plate than the positive group to
provide a negative plate on both sides of all positive plates. These groups
are shown in figure 128 (5) and (6).

¢. ELEMENTS. The assembly of a positive and negative group, together
with the separators, is called an element. Since storage battery plates are
more or less of standard size, the number of plates in an element is
roughly a measure of the battery capacity. The distance between the
plates of an assembled element is approximately 14 inch.

d. SEPARATORS. To prevent the plates from touching and causing a
short circuit, sheets of insulating material (either wood, porous rubber,
or spun glass) called separators are inserted between the plates. These
separators (fig. 128 (3) and (4)) are thin and porous so the electrolyte
will flow easily between the plates. One side of the separator (that
placed against the positive plate) is grooved so the gas that forms during
charging will rise to the surface more readily. These grooves also provide
room for any material that flakes from the plates to drop to the sediment
space below.

e. ELECTROLYTE. (1) Composition. An electrolyte is a liquid which
readily conducts electricity and is decomposed when an electric current
passes through it. The electrolyte in the lead-acid storage battery, hav-
ing a specific gravity of 1,280, is composed of one part of chemically
pure sulphuric acid (H2SO4) and approximately two and three-fourths

Figure 129a. Taking Specific Gravity Reading of a Battery with Hydrometer.
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Figure 129b. Hydrometer Temperatwre Correction Chari.

parts by volume of distilled water. A small quantity of some impurity
introduced into the acid solution by using impure water might interfere
with the chemical action and cause battery trouble,

(2) Specific gravity readings. Specific gravity is the weight of a sub-
stance compared to weight of the same volume of chemically pure water at
4°C. (39.2°F.) The specific gravity of sulphuric acid is 1.835; that is,
sulphuric acid is 1.835 times heavier than water. The electrolyte of a
storage battery is a mixture of water and sulphuric acid in such pro-
portions that when the battery is fully charged it has a specific gravity
of 1.280 at 80°F. Since the amount of sulphuric acid in the electrolyte
changes with the amount of electrical charge, the specific gravity of the
electrolyte changes with the amount of charge. This provides a convenient
way of measuring the degree of charge in a battery.

(3) Hydrometer. (a) Specific gravity of the electrolyte can be
measured by a hydrometer syringe (fig. 129). A reading is taken by
drawing sufficient electrolyte into the syringe to float the hydrometer
element within the glass tube. For convenience, the reading is spoken
of as being 1150, 1200, 1280 etc. instead of 1.15, 1.2, 1.28 etc., which
is true specific gravity. The electrolyte is returned to the cell by com-
pressing the bulb, and the reading of the next cell can then be taken.

(b) Specific gravity readings of from 1270 to 1285 indicate that the
battery is fully charged. Readings between 1200 and 1215 indicate that
the battery is more than half discharged, and starter and accessories
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RA PD 354381
Figure 130. One-piece Battery Container Having Three Cell Compartments.

should be used sparingly until the battery is again fully charged. Read-
ings between 1125 and 1140 indicate that the battery is nearing a dis-
charged condition and immediate charging is necessary, otherwise serious
damage will result.

(4) Temperature correction. All hydrometer readings given are
usually based on the normal temperature of 80°F. for the electrolyte.
This refers to the temperature of the liquid itself and not to the tempera-
ture of the surrounding atmosphere. To make temperature correction, add
1 to the hydrometer reading for every 2.5° above 80°F. and subtract 1
for every 2.5° below 80°F. For example, if the reading is 1250 at
100°F., add 8 to give a corrected reading of 1258. If the reading is 1270
at 20°F., subtract 24 to give a corrected reading of 1246. Some storage
battery manufacturers use other than 80°F. as a base for temperature
correction. It is usually unnecessary to make allowance for temperature
variations, but it is well to bear them in mind, otherwise the hydrometer
reading will be misleading.

f- CoNTAINER. (1) A battery container is a receptacle for the cells
that make up the battery. It is made of hard rubber or a composition
material which is resistant to acid and mechanical shock. Most motor
vehicle batteries are assembled in a one-piece container with three or
six compartments for.the individual cells (fig. 130). One element and
enough electrolyte to cover the plates are inserted into each cell
compartment.

(2)- Stiff ridges or ribs molded in the bottom of the container form
a support for the plates and a sediment recess for the flakes of active
material which drop off the plates during the life of the battery. The
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sediment is thus kept clear of the plates so-that it will not cause a short
circuit across them.

g. Cover. A hard rubber cover, provided with openings for the two
terminals of the element and for a vent plug, is placed on each cell
(fig. 131). The cells are then sealed with pitch-like compound and
connected in series by burning cell connectors on the terminals. The
vent plug allows accumulated gas to escape and prevents the electrolyte
from splashing outside the battery. Checking and filling the battery can
be done by unscrewing the vent plug.

109. Principle of Operation

‘When a cell is fully charged, the negative plate is spongy lead, the
positive plate is lead peroxide, and the electrolyte contains a maximum
amount of sulphuric acid. Both the negative and positive plates are very
porous and are readily acted upon by the acid. A cell in this condition
can produce eléctrical energy through reaction of the chemicals.

a. DiscHARGE. If the terminals of the battery are connected to a
closed circuit, the cell discharges to supply electric current. The chemical
process that occurs during discharge changes both the lead (Pb) of the
negative plate and the lead peroxide (PbOg) of the positive plate to
lead sulphate (PbSO4) and the sulphuric acid (HSO4) to water
(H30). Thus the electrolyte becomes weaker during discharge, since

A—CONTAINER F—BUSHING

B—CELL COVER G—BAFFLE PLATE
C—SEPARATOR H—VENT PLUG
D—PLATE J—CELL CONNECTOR
E—TERMINAL POST K—~HANDLE

RA PD 349644

Figure 131. Battery Components.
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the water increases and the sulphuric acid decreases. As the discharge
progresses, the negative and the positive plates finally contain consider-
able lead sulphate. The discharge should always be stopped before the
plates have become entirely changed to lead sulphate.

b. CHARGE. (1) Chemical action. To charge the cell, an external
source of direct current must be connected to the battery terminals. The
chemical reaction is then reversed and returns the positive and negative
plates and the electrolyte to their original condition. When all the
sulphate (SOy4) on the plates has been returned to the electrolyte to form
acid (HoSOy), the cell is fully recharged and ready to be used for the
next discharge. Charging must be started before both plates have become
entirely sulphated. If this is not done, the plate surfaces are no longer
chemically different and will not respond to the charging current since
two dissimilar plates must be in the electrolyte to produce the action.
The chemical processes in the cell during discharge and charge can be
followed from figure 132.

(2) Electrical. A storage battery can be charged by direct current
only. If only alternating current is available, a motor-generator or a
rectifier must be used to convert it into direct current. In charging,
the positive wire of the charging circuit must always be connected to the
positive (-4) terminal of the battery and the negative wire to the
negative (—) terminal. The electrolyte in each cell should be brought
to the proper level by the addition of pure water before the battery is
connected for charging.

¢. Caracrry. All batteries are given a normal capacity rating according
to the ampere-hours obtainable from the battery under certain working
conditions. The capacity of a battery is the number of amperes delivered
multiplied by the number of hours the battery is capable of delivering
this current. One of the inherent characteristics of a storage battery
is that its ampere-hour capacity depends upon the rate of discharge.
A battery will give more ampere-hours at a long, low, or intermittent
discharge rate than at a short, high, or continuous discharge rate. This
is because the voltage drops relatively faster at higher rates. Like other
chemical processes, that of the battery is much less efficient in cold
weather than in hot weather. At O°F. a battery has only about 40 percent
of the full cranking capacity available at 80°F. In an emergency, little
if any permanent harm will result if the battery is discharged at a very
high rate, provided that it is promptly recharged. The battery is likely

to deteriorate if left in a discharged condition. o
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Section ll. GENERATING SYSTEM
110. The Generator

a. DEFINITION AND Use. The generator is a machine (dynamo) in
which the principle of electromagnetic induction is used to convert
mechanical energy into electrical energy. The generator restores to the
battery the current used in cranking the engine, and it also supplies
current to carry the electrical load of the lights, ignition, radio, horn and
so forth, up to the limit of the generator’s capacity. A generator and a
motor are fundamentally the same in construction and utilize the same
electrical principles; however, their operation is opposite. By reversing
the operation, one unit may be made to serve both purposes.

b. CompPOoNENTs. The generator consists essentially of an armature,
a field frame, field coils, and a commutator with brushes, or collector
rings with brushes, to establish electrical contact with the rotating
element. The magnetic field of the generator is usually produced by
by electromagnets or poles magnetized by current flowing through the
field coils. Soft iron pole pieces are contained in the field frame that forms
the magnetic circuit between the poles. Two- and four-pole frames are
the most common although machines may be designed to have any even
number of poles.

c. FieLp FraMes. Figure 133 shows several types of field frames
most commonly used and the magnetic circuits in each. On some frames,
the field coil is wound on each pole to produce the magnetic field, (A)
while in the others there is but one large field coil, (B). In the two-pole

E F G H
RA PD 354382

Figure 133. Types of Field Frames and Their Magnetic Circuits.
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1 2 RA PD 354383
Figure 134. Simple Alternating Current Generator.

type of frame the magnetic circuit flows directly across the armature,
(A, B, C, and D), while in the four- and six-pole types each magnetic
circuit flows through only a portion of the armature core (E, F, G,
and H). For this reason the armature must be constructed in accordance
with the number of field poles, since current is generated when the coil
winding on the armature cuts each magnetic circuit.

d. BrusHEs, CoOMMUTATOR, COoLLECTOR RINGs. The current is collected
from the armature coils by the brushes (usually made of carbon) which
make rubbing contact with a commutator or collector rings. The com-
mutator consists of a series of insulated copper segments mounted on
one end of the armature, each segment connecting to one or more arma-
ture coils. The commutator converts the alternating current generated
in the armature coils into direct current for charging the battery. The
armature coils of an alternating-current generator are connected to col-
lector rings which collect the current in the same form as it is generated
in the armature windings.

111. Simple Alternating Current Generator

6. INDUCED ELECTRICAL PREssure. If a single loop of wire is re-
volved in the magnetic field between a north pole and a south pole, there
will be an electrical pressure induced in the two sides of the loop, and
the voltage and current induced will be in definite relation to the direction
of the magnetic field and the direction of rotation. If each end of the
loop is connected to a metal collector ring upon which a brush rests
(fig. 134, C and D), this induced electrical pressure will cause a current
to flow through any external circuit which may be connected across the
two brushes.
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Figure 135. Current Wave from Simple Alternating. Current Generator.
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Figure 136. Swmple Direct Current Generator.

b. INDUCED ALTERNATING CURRENT. If the loop is rotated through a
complete revolution, sides A and B will cut magnetic lines of force first
in one direction (fig. 134 (1)) then in the other (fig. 134 (2)), induc-
ing an alternating voltage across the brushes and causing an alternating
current to flow through the external circuit. A study of figure 134 shows
the current will make one complete reversal or cycle in one revolution
of the loop. The value of the current during one complete revolution
of the loop may be represented graphically by the curve (fig. 135)
known as the sine curve. The highest and lowest points of the curve
represent the current at its maximum value which is reached when the
loop is in line with the field poles.

112. Simple Direct Current Generator

a. CoNVERTING To DIRECT CURRENT. The alternating current produced
in the loop may be converted into direct current in the external circuit
by replacing the two collector rings with a simple two-segment com-
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Figure 137. Current Wave from Simple Direct Current Gemerator.

mutator (fig. 136). The two segments of the commutator are connected
to the two ends of the loop but insulated from each other. The only
connection between the commutator segments, besides the one through
the armature loop, is through the brushes and the external circuit. The
brushes remain stationary and make rubbing contact first with one
segment and then with the other, as the commutator and loop rotate as
a unit. With this.arrangement, the segments change connection with the
brushes as the induced voltage reverses in the loop. As a result, the
current is always made to flow through the external circuit in the same
direction. The current thus obtained is a direct current, graphically repre-
sented in figure 137. Comparing figures 137 and 135, it can be seen how
use of a commutator produces direct current by reversing one of the
impulses of current generated in the generator.

b. ARMATURE CoRre. In practice, the armature core, which is in the
form of a laminated iron cylinder, is wound with a great many coils
equally spaced around its circumference, each coil being connected to a
pair of segments in the commutator. These coils are connected so that
the current impulse of one coil overlaps the current impulse of the next
much the same as the power impulses overlap in an eight- or twelve-
cylinder engine. The result is practically a continuous flow of current.

113. Field Windings

a. SErRiEs AND SHUNT FIELD WINDING. (1) The field winding may
be connected in parallel with the armature winding, that is, across the
brushes, in which case it is known as a shunt field winding. It may also
be connected in series with the armature winding, in which case it is
known as a series field winding. The magnetic field of a generator or
motor is produced by a field winding of the shunt or series type or a
combination of the two. Various methods may be used in winding the
field poles of a generator or motor to suit the purpose for which it is to
be used. Figure 138 shows the different ways in which the shunt and
series field may be connected on the same type of frame. The markings
and arrows refer in each case to the direction of current for a generator.
The small diagram to the right of each main sketch is the conventional
way of indicating in electrical symbols the particular type of field
winding.
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(2) The shunt type of winding (fig. 138 (1)) is the type of field
winding generally used for automotive generators. The series type of
winding (fig. 138 (2)) is particularly adapted to the starting motor
because all the current passing through the armature must also flow
through the field winding, thus producing full field strength and giving
the motor the greatest possible cranking power. Types shown in figure
138 (5) and (6) are particularly adapted for motor generators used on
the one-unit system. When operating as a generator, the windings func-
tion differentially, the series field bucking the shunt field to produce a
regulating effect. When operating as a starting motor, the windings
function cumulatively since the current reverses through the armature
and the series winding but not through the shunt winding.
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Figure 139. Diagram of a Shunt Wound Generator.

b. CuMmuLATIVE AND DIFFERENTIAL WINDING. By applying the right
hand rule to determine the magnetic polarity of an electromagnet, it will
be seen that in figure 138 (1) and (4) the shunt and series windings
produce magnetism in the same direction. They are, therefore, said to be
cumulatively wound. In figure 138 (5) and (6), the magnetism pro-
duced by a current flowing in the series field winding is opposite to that
produced by the shunt winding, and the dynamos are said to be differ-
entially wound.

¢. SHORT AND LoNG SHUNT CoNNECTION. The shunt field may be
connected either inside or outside the series field winding. When it is
connected inside (fig. 138 (3) and (5)), it is known as a short shunt
connection. When it is connected outside (fig. 138 (4) and (6)), it is
known as long shunt connection. The principle of each is similar, the

difference being that in a short shunt connection the shunt field current
- does not pass through the series winding. In practice, generators repre-
sented by figure 138 (3) and (4) are not used on the automobile because
the generator must necessarily run at variable speeds, and any increase
in armature speed and voltage would increase the field strength, and
consequently, the armature output would increase to a point where it
would overload the generator as well as overcharge the battery.

d. WinDpINGs. When a generator is differentially wound, the series
winding, which is commonly known as a reverse or bucking series, is
used only for regulating purposes, the shunt winding being the prevailing
winding and controlling the direction of magnetism. The shunt field
winding may be readily distinguished from the series type, since it con-
sists of a large number of turns of small wire, while the series winding
consists of a comparatively few turns of large wire. Windings must be
well insulated. In some cases, they are impregnated with a special insulat-
ing compound to make them water and oil resistant.
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Figure 140. Generator Cross Section.

114. Shunt Wound Generator

Most motor vehicle generators are shunt wound with an outside
means of regulating the voltage output. About 8 to 12 percent of the
total current generated by the armature is shunted through the field coils
for producing the field magnetism. Figure 139 represents a shunt wound
generator with only one armature coil. The armature is actually wound
full of similar coils distributed at equal intervals around it, the end of
each coil being connected to a segment of the commutator in the same
manner as the one shown.

a. PrINCIPLE OF OPERATION. In figure 139, let it be assumed that the
armature rotates in a clockwise direction and that the magnetism flows
from the north pole piece N to the south pole piece S as indicated by
the arrows. When the armature is rotated, the armature coils will cut
the weak magnetic field (residual magnetism) retained by the poles and
set up a slight voltage across the brushes, usually 1 to 114 volts, making
in this particular case the upper brush positive (4 ) and the lower brush
negative (—). This voltage is sufficient to cause a small current to flow
from the positive brush through the field winding around the pole pieces
to the negative brush. If the magnetic effect of this field current is of
the same polarity as the residual magnetism, the pole strength will be
increased. This, in turn, will increase the magnetic field through the
armature. Since the armature coils will then be permitted to cut more
magnetic lines of force per revolution, the voltage across the brushes
will be increased. An increase in brush voltage increases the field
strength, which in turn, increases the armature output. Thus, the arma-
ture voltage helps the field, and the field helps the armature voltage until
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the generator reaches its normal operating voltage at the particular
running speed. This process is called “building up” the generator voltage.

b. REsipbuAL MAGNETISM. (1) In the above description of generator
operation, the importance of the magnetism retained by the poles should
be noted as it serves as a foundation for building up the generator
voltage. .

(2) Residual magnetism is the name given to the magnetism remain-
ing in the pole pieces and field frame after the field magnetizing current
has died out. The direction of the residual magnetism may be tested by
holding a pocket compass near the poles when no current is passing
through the field windings or the armature. The north end of the com-
pass needle will point to the south field pole and the south end to the
north field pole.

(3) In case the field frame should lack proper residual magnetism,
which may be due to its being a new machine, connecting the field
winding with alternating current supply, excessive temperature, or vibra-
tion, the generator may be given residual magnetism by simply sending
direct current through the shunt field winding in the proper direction
from either a storage battery or dry cells. This residual magnetism
may be reversed by merely reversing the direction of the magnetizing
field current. It may also be reversed by the magnetizing effect of the
armature coils when a heavy direct current from a battery is sent through
the generator armature with the field winding disconnected or open
circuited.

nm v vaveiv

Figure 141. Typical Arrangement of a Starter and Generator on Engine.
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(4) Several conditions are necessary for the generator to build up
a voltage. Two of the most important requirements are that the field
frame have residual magnetism as a foundation on which to build, and
that the current in each field coil be in such direction around the pole
that it will produce magnetism to assist and not oppose the residual
magnetism. If the field current opposes it, the voltage built up will not
be higher than that produced by the residual magnetism.

c. ConsTrUCTION. (1) The armature core is made of sheets of iron
insulated from each other so that the magnetic field will not induce eddy
currents in the core. (Eddy currents will flow around a core made of
one solid piece of iron, and will heat the armature.)

(2) The armature core is wound with coils of copper wire and
mounted on a shaft with a commutator on one end (fig. 140). Field coils
are made of many coils of fine wire arranged for shunt connection. The
field frame, usually two or four poles with brushes, brush holders, and
end housings with bearings, completes the essential parts of the generator.

d. GENERATOR DrIvEs. (1) The method of mounting and driving the
generator depends to a large extent upon the construction and design
of the engine. It is usually mounted on the side of the engine and driven
at one to one and one-half times the crankshaft speed by belt, silent
chain, or gears.

(2) The present trend is to have the radiator cooling fan, water pump,
and generator driven by a V-belt from the pulley on the forward end of
the crankshaft (fig. 141). Pivoting the generator on the generator
mounting studs permits adjustment of the belt tension. A rotary fan
is usually contained on the generator pulley to draw cooling air through
the generator. k .

(3) The generator and starting motor can be combined into one
machine known as a motor-generator or starter-generator. However, this
use of one machine for the starting and generating systems is obsolete.
More efficient operation is obtained in modern vehicles by having gen-
erator and starting motor as two independent machines. The generator
is driven continuously by the engine, while the starting motor is
normally disconnected from the engine and operates only when the
starting switch is closed. The general arrangement of a starting motor
and a generator is shown in figure 141.

(4) The single-wire method of wiring is used in preference to the
two-wire method by practically all motor vehicle manufacturers since
the use of the frame in place of one wire greatly simplifies both the
wiring of the vehicle and in many cases the construction of the starting
and generating apparatus.

115. Reverse Current Cut-out

a. GENERAL. (1) The reverse current relay or cut-out is simply an
automatic electromagnetic switch connected in the battery charging
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RA PD 354389
Figure 142. Cut-out Relay Circust Diagrom.

circuit between the generator and the storage battery of the electrical
system. Its function is to connect the generator automatically to the
battery when the voltage of the generator is sufficient to charge the
battery, and to disconnect them when the generator is not running or
when its voltage falls below that of the battery, to prevent the battery
from discharging through the generator windings. In these respects the
action of the cut-out is very similar to that of a check valve between a
pump and a reservoir.

(2) A circuit diagram of a typical cut-out is shown in figure 142, It is
connected with a generator wound differentially to limit voltage output.
The cut-out consists of a soft iron core, a fine shunt winding known as
a voltage coil, a heavy series winding known as a current coil, and a set
of contact points. One of the contacts is carried on one end of an iron
contact arm that is mounted close to the core and held by spring tension,
while the other contact is stationary. The contact points are thus normally
held open and are closed only when the magnetic pull of the core on the
contact arm -is sufficient to overcome the tension of the spring. The
spring is adjusted so that the contacts will close when the voltage of the
generator has reached from 615 to 7 volts in a 6-volt system, or 13 to 14
volts in a 12-volt system. These voltages are usually reached at a car
speed of from 8 to 10 miles per hour in direct drive or high gear.

b. OperaTION. (1). The voltage coil, which consists of many turns
of fine wire, is connected across the generator terminals to receive the full
voltage of the generator. When the generator attains a speed at which
it develops approximately 615 to 7 volts, the core is sufficiently mag-
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netized to overcome the spring tension and to close the cut-out contacts.
This completes the circuit between the generator and the battery through
the current coil and the contacts. Since the voltage of the generator at
this time is higher than the voltage of the battery, a charging current will
flow from the positive () terminal of the generator, through the
current coil and contacts of the cut-out, through the cells of the battery
from positive () to negative (—), returning through the ground or
frame to the negative terminal of the generator. The negative terminal
of the battery is assumed to he grounded. The charging current flowing
through the current coil flows around the core and creates a magnetic
effect in it in the same direction as that produced by the voltage coil.
The cumulative effect of these two windings greatly increases the mag-
netic pull on the contact arm and holds the contacts firmly closed.

(2) When the speed of the generator is decreased so its voltage is
lower than that of the battery, that is, below 6 volts, the battery will
discharge back through the cut-out and the generator in a reverse
direction to the charging current. Any reverse current through the cut-out
will cause the current to reverse through the current coil but not through
the voltage coil, thus producing a differential action between the two
windings that partly demagnetizes the core. The instant the core is
slightly demagnetized, the spring, which is under constant tension, pulls
the contact arm away from the core and opens the circuit. The contacts
will remain open by spring tension until the generator again attains suffi-
cient voltage to close them, thus preventing discharge of the battery
through the generator at all times. The ammeter is usually connected as
shown in figure 142 so that it will register the amount of current either
charging or.discharging from the battery. The ammeter then serves as
a check on the proper operation of the cut-out since it will indicate when
the generator takes the load away from the battery and stops or reduces
discharge of the battery. '

(3) The air gap between the contact arm and the iron core of the
relay has little or no effect upon the voltage at which the cut-out opens,
since the spring tension governs this almost entirely, while on the other
hand, the voltage at which the cut-out closes is governed by both the air
gap and the spring tension.

(4) The normal air gap betwen the contact arm and the core on the
average cut-out should be 0.015 inch to 0.020 inch with the contacts
closed. The cut-out should be adjusted as specified by the manufacturer.
It is designed to close at a predetermined voltage and to open usually
when a small reverse current is flowing. The car speed at which the
cut-out opens should be 2 to 3 miles per hour below the closing speed
to keep the contact points from “chattering” when the car is being driven
at the critical “cut-in” speed. The contact points are usually made of
silver, copper, or tungsten and should meet squarely so that good
electrical contact is made over the entire contact surface when closed.
The cut-out unit is often mounted on top of the generator.
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116. Regulation of the Generator

a. IMPorTANCE. The fields of the generator depend upon the current
derived from the armature of the generator for their magnetization. Since
the current developed by the generator increases in direct proportion
to its speed, the fields become stronger as the speed increases and corre-
spondingly more current is generated by the armature. The extreme
variations in speed of the automotive engine make it necessary to regulate
the output of the generator to prevent excessive current overload. On
the average motor vehicle, a charging current in excess of 12 to 15
amperes may be harmful to a fully charged battery if continued too long.
With the increased use of electrical accessories, generators have been
increased in output until they are capable of producing 25 to 35 amperes.
Regulation today is therefore more vital than ever before.

b. Reverse Series FIeLp. (1) Since the output of the generator de-
pends upon the number of conductors in the armature, their speed of
rotation and the strength of the magnetic field in which they rotate,
varying the strength of this field is the only convenient method of regula-
tion. One of the simplest methods, although not commonly used today,
was the use of a reverse series field for differential action as shown in
figure 142. A shunt field is connected acrooss the brushes to produce the
magnetizing action. Charging current going through the reverse series
field, however, has a demagnetizing action, so that as the current increases
it tends to restrict the rise of current above a reasonable value.

(2) Such a differentially wound generator has disadvantages which
limit its use on motor vehicles. If a break should occur in the charging
circuit (excepting normal cut-out operation) thus destroying generator
regulation by the series field, the voltage will become excessive, usually
resulting in damage to the field and armature winding and to the voltage
winding of the cut-out. One outstanding disadvantage is that there is
usually no convenient method provided for increasing or decreasing the
charging rate. By decreasing the number of turns in the reverse series
field, the maximum generator output can be increased. Increasing the
number of turns will decrease the output.

c¢. MeETHoDs. There are at the present time two popular methods of
regulating the output of a generator. These are the vibrating relay
method and the third brush method. A number of other forms have been
used in the past but most of these are now obsolete.

117. Vibrating Relay

a. CurReNT REGULATION. (1) The vibrating relay can be used to
regulate the current or the voltage, depending on how the regulator coil
is connected. A circuit diagram of a typical vibrating relay regulator
used for limiting the current from the generator is shown in figure 143.
The regulating relay consists of a soft iron core, a heavy winding or
current coil around the core, a set of regulator contact points normally
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RA PD 354390
Figure 143. Vibrating Current Regulator.Circuit Diagram.

held closed by 'spring tension, and a resistance unit connected across
the two regulator contact points.

(2) As the generator speed increases, this vibrating relay controls the
current output of the generator by cutting a ‘resistance intermittently
in and out of the shunt field circuit as the regulator contact points open
and close due to the varying magnetic pull of the core. The resistance
unit is connected in the shunt field circuit but is normally short circuited
by the regulator contacts when they are closed, one of which is mounted
on a soft iron contact arm to which is attached the spring for holding
the points in contact. The generator, when driven by the engine, builds
up as a simple shunt wound generator, the shunt field current flowing
from the positive (-4 ) brush through the contact points, through the
field winding to the negative (—) brush. When the speed and voltage
of the generator are increased sufficiently to close the cut-out, the
generator will begin to charge the battery, the charging current flowing
through the regulator winding. This current flowing through the regu-
lator winding will magnetize the core, which in turn exerts a magnetic
pull on the regulator contact arm tending to separate the contacts. When
the battery charging current reaches the value for which the regulator
is adjusted, the core is sufficiently magnetized to attract the contact arm,
overcoming the pull of the regulator spring. This separates the contact
points which inserts the resistance unit in series with the shunt field
winding and weakens the field strength. This causes a drop in voltage
generated in the armature and consequently the charging current de-
creases. When the current decreases to a predetermined amount, the
current coil does not magnetize the core sufficiently to overcome the pull
of the spring which then closes the contacts. With the contacts closed, the
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resistance unit is once more short circuited and the full field strength
is restored, causing the charging current to increase again. The regulator
will continue to repeat this cycle. Under operating conditions, the con-
tact arm vibrates rapidly enough to keep the generator output constant.
As a result, the generator will never charge the battery above predeter-
mined rate (for example, 20 amperes), no matter how high the speed
of the car. This will be true regardless of whether the battery is fully
charged or completely discharged.

(3) This method of generator regulation is termed current regulation,
since the current output of the generator is used for regulation. It is,
therefore, very important that no breaks occur in the charging circuit
after the generator reaches a voltage sufficient to operate the cut-out.
If a break does occur, no current will flow through the current coil to
operate the vibrating points and the generator will build up an excessive
voltage at high speeds due to lack of regulation.

(4) In all electrical systems controlled by a vibrating relay, the charg-
ing rate of the generator can be easily adjusted. To increase the maximum
charging rate, the spring tension on the vibrating contact arm should
be increased slightly, and to decrease the maximum charging rate, the
spring tension should be decreased. Care must be taken that the generator
output does not exceed that for which it was designed.

b. VoLTAGE REGULATION. (1) A circuit diagram of a typical vibrating
relay voltage regulator is shown in figure 144. Although the construction
of this relay does not differ materially from that of the current regulator,
the principle of operation is somewhat different. With this regulator,
the voltage output of the generator is used for automatic regulation. By
comparing figures 143 and 144, it will be seen that the principal difference

RA PD 354391
Figure 144. Vibrating Relay Voltage Regulator Circuit Diagram.
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in the two relays is in the winding of the controlling coil and its connec-
tions. In the voltage regulator, the charging current does not flow through
the regulator winding. The winding on the core consists of a voltage coil
of fine wire, the two ends of which are connected across the generator
brushes and in parallel with the battery instead of in series with it as in
the current type of regulator. The iron core, regulator points, and
resistance unit, however, are practically the same.

(2) The current flowing in the regulator coil and the resulting mag-
netic pull of the core on the contact arm depend upon the voltage devel-
oped by the generator. In a 6-volt system, the regulator is adjusted to
hold the generator voltage constant at 7.5 to 7.75 volts, usually 7.5.
With increasing generator speed, the voltage tends to rise above 7.5
volts. If, however, this value is exceeded by a small amount the increased
magnetic pull of the core on the contact arm, due to the current flowing
in the voltage coil, will overcome the spring tension and pull the contact
arm toward the core, thus opening the contacts and inserting a resistance
in the generator field circuit. This added resistance decreases the current
in the field winding, and the voltage developed by the armature tends
to drop below 7.5 volts.

(3) When the voltage drops, the pull of ‘the spring on the regulator
contact arm overcomes the magnetic pull of the core and closes the
contacts. This short circuits the resistance unit and permits the field
current to increase. The cycle of operation is repeated rapidly, prevent-
ing the generator voltage from rising above that for which the regulator
is set. Should an opening occur in the charging circuit, the regulator will
prevent the generator from building up an excessive voltage. If a break
occurs in the voltage regulator circuit, regulation of the generator will
be lost and an excessive charging rate will result at high speeds.

(4) It is obvious that increasing the tension of the regulator spring
will increase the output voltage of the generator. Under no circumstances
should the regulator spring tension be increased in an attempt to have
the generator charge at a higher rate at lower speeds. The generator
cannot begin to charge until the cut-out closes. The closing of the cut-out
is independent of the action of the regulator. Increasing the tension of
the regulator springs so that the generator will develop a constant voltage
in excess of 7.75 volts will usually send excessive current to the battery
overcharging it, or causing the generator to overheat, with the possibility
of burning it out.

c. CHARGING RATE. (1) Current regulator. With the vibrating current
regulator, the charging current remains constant for any one setting of
the regulator, regardless of the condition of the battery. To vary the
charging rate according to the battery requirements, the spring tension
of the regulator must be adjusted.

(2) Voltage regulator. (a) The main advantage of the voltage regula-
tor is that the output of the generator is controlled to a great extent

194



RA PD 354392

Figure 145. Combined Regulator and Cut-out Relay (One Element)
Circuit Diagram.

by the amount of charge in the battery. When the generator reaches a
speed at which it develops the regulated voltage, there will be no further
increase in voltage with increasing speed. The voltage will be maintained
constant at all loads and at all higher speeds.

(b) During the time the generator is connected to the battery, the
difference in voltage between the two is the voltage available for sending
current into the battery. In a discharged battery, the difference in voltage
between the generator and the batfery will be relatively great, so that a
comparatively high charging current will pass from the generator to the
battery. As the charge continues, the voltage of the battery increases, so
that the difference in voltage between the generator and the battery
is continually diminishing. With a fully charged battery, the voltage is
nearly equal to that of the generator, and the difference between the
two is very slight. As this slight difference in voltage is all that is avail-
able for sending current into the battery, the charging current will be
small. The charging current, therefore, is variable and depends upon the
charge in the battery. In practice, the charging current with the constant
voltage regulator. varies from a maximum of 25 to 35 amperes for a
discharged battery, to a minimum of 4 to 6 amperes for a fully charged
battery.

118. Combined Current and Voltage Regulation

Regulation of voltage only might be satisfactory from the standpoint
of the battery, but if the battery were badly discharged, the generator
might overload itself to supply the heavy charging current. Therefore
a current control is usually needed in addition to a voltage control.

a. SINGLE VIBRATING CoNTACT (CoMBINED CoNTROL). (1) A circuit
diagram of a single vibrating relay for obtaining both current and voltage
regulation of the generator is shown in figure 145. The winding of the
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relay is merely a combination of the other two, the core being wound
with both a current and a voltage coil. This construction permits combin-
ing the cut-out and the regulator into a single element. The cut-out
contacts (fig. 145) are mounted on one end of the core and the regulator
contacts on the other end, the two sets of contacts being operated by
independent springs. The cut-out is made to function before the regu-
lator by the use of a weaker spring on the cut-out contacts.

(2) The operation of the regulating relay is practically the same as
that of the voltage regulator, except that the generator current output
is also controlled by the charging current flowing through the current
coil. Both the windings carry current around the core in the same
direction, the magnetizing force of both combining to operate the regu-
lator and the cut-out contact points. In this manner, the combined
characteristics of both current and voltage methods of regulation are
obtained. The proper functioning of the relay, however, depends upon
the combined effect of both windings. Consequently either high voltage,
excess current, or normal limits of both voltage and current would be
effective in limiting the output of the generator.

b. Two ViBRATING CoNTAcTs (INDIVIDUAL CoNTROL). (1) Instead of
combining the current and voltage regulator into one unit on the same
core, the present tendency is to use separate elements so that individual
adjustments can be made for better control of the generator output.
Such a control unit consists of three elements mounted on one base with
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Figure 146. Individual Current and Voltage Regulators and Cut-out
Relay (Three Elements).
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Figure 147. Individual Current and Voltage Regulators
and Cut-out Relay Circuit Diagram.

a common cover (fig. 146). The cut-out, current regulator, and voltage
regulator each contains a separate core, coil, and set of contacts.

(2) Operation of the control unit can be understood by following
through a typical circuit diagram (fig. 147). Voltage built up by the
generator causes a small current to flow from the generator armature
terminal A, through the current regulator coil and current winding of the
cut-out to the cut-out frame which is insulated, and from there through
the voltage winding of the cut-out to the ground return. When the
generator builds up a voltage which sufficiently magnetizes the cut-out
to close its contacts, charging current will flow through the cut-out
frame and across the cut-out contacts to the battery. This current flows
through the current regulator and will operate its vibrating contacts to
limit the current output of the generator. The voltage regulator coil is
connected to the cut-out frame so the voltage regulator vibrating con-
tacts limit the generator voltage. Sometimes the voltage winding of the
voltage regulator is connected to the ignition switch to obtain a close
regulation of the battery voltage. Such a connection should be made to
the “off”” side of the ignition switch so that the voltage coil will not drain
the battery when the switch is “off.” The voltage regulator also contains
a winding in series with the field which aids in operating the voltage
regulator contacts to prievent excessive field current.

(3) The field circuit is completed when there is a connection from
the field, F, terminal of the generator to the ground, as the other end of
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the field winding is connected to the live brush in the generator. When
the generator is not producing enough output to operate the current or
voltage regulators, the field circuit is completed through its winding on
the voltage regulator and across the current regulator and voltage regu-
lator contacts to the ground. The field then has no outside resistance in
the circuit and receives maximum current to help increase generator
output. Operation of the current or voltage regulator contacts will open
this circuit so that the field current must go through the resistance to
the ground which will lower the field strength. Thus normal limits of
either current or voltage will regulate generator output. In some regula-
tors, two resistances are used to provide more resistance in the field
circuit when the voltage regulator operates than when the current
regulator operates. Heavy current output can then be obtained with a
pronounced control of the voltage. Preventing the generator from build-
ing up too high a voltage is the most important function of the regulator.

119. Third Brush Regulation

Third brush regulation is much simpler in operation and less expensive
to manufacture than other methods of control. Generators with this type
of control have an extra brush called the “third brush,” located between
the two main brushes.

a. ARRANGEMENT. Arrangement of a typical two-pole, third brush
type of generator is shown in figure 148. One end of the shunt field
winding is connected to the third brush, the other end is grounded. Only
a part of the total voltage generated is supplied to the field by the
third brush.

b. OperaTION. (1) When the generator is running at a low speed
and little or no current is flowing in the armature winding, the magnetic
field produced by the field winding is approximately straight through the
armature from one pole piece to the other (fig. 148 (1)). The voltage
generated by each armature coil is then practically uniform during the
time the coil is under the pole pieces.

(2) As the generator speed and charging current increase, the arma-
ture winding acts like a solenoid coil to produce a cross magnetic field.
The magnetic whirl around the armature winding distorts the magnetic
field produced by the shunt field winding, so that the magnetism is not
equally distributed under the pole pieces (fig. 148 (2)). With this distor-
tion of the magnetic field, the armature coils no longer generate a uniform
voltage while passing under the different parts of the pole. Although
the voltage across the main brushes remains nearly the same, a greater
proportion of this voltage is generated by the coils between the positive
brush and the third brush than was generated between them when little
current was flowing through the armature winding. This is due to the
distortion of the magnetic field which crowds more magnetic lines of
force between the positive and third brush.
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Figure 148. Third Brush Generator Regulation.

(3) The coils which connect the commutator between the negative
and third brushes are in the region of the weakened field and generate
a lower proportion of the voltage. The result is a dropping off of the
voltage between the negative and third brushes, which is applied to the
shunt field winding, thereby weakening the field strength. As the field
strength decreases with increased generator current, the result will be
an automatic regulation of the current output.

¢. CHARGING RATE. (1) One of the outstanding characteristics of
generators with third brush regulation is that the charging rate of the
generator increases gradually with each increase in speed up to a car
speed of 25 to 30 miles per hour. After this, the charging rate falls off as
the speed continues to increase due to pronounced field distortion. At
speeds of 50 to 60 miles per hour, the charging rate is approximately
one-half its maximum value. This is an advantage, in that the maximum
charging rate is obtained at normal driving speeds, while at high speeds,
such as during cross-country driving when the starter and lights are
seldom used, the decreased charging rate tends to prevent overcharging
of the battery and overheating of the generator.

(2) In practically all generators which have third brush regulation,
provision is made for changing the charging rate to suit the conditions
under which the generator is operated. This can be done by moving the
position of the third brush on the commutator. It is evident that the
average voltage applied to the field winding will depend upon the number
of armature coils spanned by the brushes which collect the field current.
Thus, moving the third brush in the direction of the armature rotation
increases the average current delivered to the shunt field winding and
consequently the output of the generator. Moving the brush against the
direction of armature rotation decreases the output. Whenever this brush
is moved, care should be taken to see that it makes perfect contact with
the commutator.
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Figure 149. Lighting Switch Control of Third Brush Generator.

(3) Since the third brush generator depends upon the charging current
flowing through the armature winding to produce the field distortion
necessary for regulation, it is obvious that it is current regulated inter-
nally (as distinct from external current regulation). It must, therefore,
have a complete charging circuit available through the battery at all
times, otherwise regulation would be destroyed and excessive field cur-
rents would burn out the generator windings. Should the third brush
generator be disconnected from the battery for any reason, the generator
terminals must be grounded.

120. Control of Third Brush Generator

To guard against the possibility of the third brush generator burning
up, a fuse is usually provided in the field circuit. It is placed either in
the generator end plate or in the regulator control unit when used. If
the battery becomes disconnected, there is a rise in voltage at the
generator. This in turn sends an abnormally heavy current through the
field winding and this field current burns out the fuse. As soon as the
fuse is blown, the field circuit is open and no current can flow through
it. The generator then merely turns, producing practically no voltage,
and does no harm. The third brush generator provides current regulation
only and does not take battery voltage into consideration. In fact, a fully
charged battery which has a high voltage will actually get more current
from a third brush generator than a battery which is completely dis-
charged, because the high voltage holds up the voltage at the generator,
makes the field stronger, and causes the generator output to increase.
This, combined with the varying demands of radio sets and other
current-consuming devices, necessitates more accurate regulation than
a third brush generator alone can give.
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a. Switca CoNTROL. Practically all systems of regulation provide a
means for inserting a resistance in series with the third brush field. A
simple way of accomplishing this is shown in figure 149. A resistance
is mounted on the back of the lighting switch and connected in series
with the field. When the lights are off, the generator output current is
limited by the resistance in the field circuit. When the lights are turned
on, the resistance is shorted so that the generator delivers full current
to take care of the additional lighting circuit load. This is just a two-step
arbitrary system of regulation, however, which will not meet the varied
load requirements of a modern vehicle operation.

b. Step VoLtage CoNTrOL. (1) The purpose of step voltage control
is to increase or decrease the output of a third brush generator in accord-
ance with the requirements of the battery and the connected electrical
load. It is really a two-stage regulator in which the change from one
charging rate to the other is controlled by the generator voltage, which,
in turn, is controlled by battery voltage.

(2) A step voltage control unit is shown in figure 150. A fine winding
voltage coil, connected to the generator armature terminal A so that
it receives the armature voltage, is the controlling element. Contacts
are connected in series with field terminal F and have a resistance
unit connected across them. When the battery is fully charged, or nearly
so, its voltage raises the generator voltage to such a value that sufficient
magnetizing current flows through the fine winding on the control unit
to pull the contact points apart. When this happens, the resistance across
the contacts is connected in series with the field winding to lower the
field strength and consequently reduce the generator voltage and the
current output. When the voltage is lowered sufficiently, spring tension
will close the contact points and the higher charging rate will be restored.

(3) When there is sufficient electrical load, such as lights, radio,
heater, etc., to require a higher generator output the contact points will
close since the load current will lower the generator voltage and the
generator will produce its maximum output for the position of the third
brush selected and the speed at which it is driven.

¢. VIBRATING REGULATOR CONTROL. A vibrating regulator can also be
used with a third brush generator. Such a regulator is controlled by a
voltage coil which operates vibrating contacts. When the battery is dis-
charged there is not sufficient voltage to operate the regulator. The
generator output is then controlled only by the third brush. As the battery
becomes charged, the voltage of the system will increase and more cur-
rent will be forced through the regulator coil. The regulator points then
begin to vibrate, connecting a resistance in the generator field circuit
and cutting down the output to a fairly constant value.

d. THERMOSTATIC CONTROL. (1) Another type of control for the third
brush generator uses a thermostat blade to control the field strength. If
the generator is set to give the greatest possible current to take care of
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Figure 150. Step Voltage Control of Third Brush Generator.

demands during the winter, in warm weather the battery would be in a
constant state of overcharge and would soon be ruined. The thermostat
blade automatically takes care of the changing current demands under
different conditions.

(2) It consists of a bimetal thermostat blade made of a strip of
spring brass welded to a strip of nickel steel. The blade warps or bends
when heated due to the greater expansion of the brass side. The blade
is set so that a contact on its end is held firmly against a stationary con-
tact at low temperatures. When the temperature rises to approximately
160° to 165° F., the blade bends and separates the contacts.

(3) The thermostat is connected in the third brush field circuit (fig.
151) so that the full field current passes through the thermostat contacts
when closed, permitting full current from the generator. After the engine
has been run long enough for the high charging rate to heat the gen-
erator, the thermostat contacts open, due to the bending of the thermostat
blade, causing a resistance unit across the contacts to be connected in
series with the third brush field thereby reducing the current output.
The charging rate is reduced approximately 30 percent when the thermo-
stat contacts are opened.

(4) The chief advantages of thermostatic control are that it gives a
large battery-charging rate in cold weather when the efficiency of the
battery is lower than in warm weather, and also a larger charging rate
when the car is being driven intermittently, and the demands on the
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battery are greater because of frequent use of the starting motor. It
also prevents the generator and the battery from overheating in the
summer by reducing the charging rate when the temperature rises.

121. Split Series Field Generators

a. Generator regulation is sometimes accomplished by means of a
split series field. A generator with this method of regulation combines
third brush, reversed series (differential), and cumulative compound
principles. The series field winding is divided so that the generator out-
put is changed according to the load.

b. With lights off, no current flows through one part of the series field
(marked 1 in fig. 152). The current going to the battery flows through the
remainder of the series field (marked 2 fig. 152) in the opposite direction
to the shunt field current. This weakens the total field strength, keeping
the generator output down for the delivery of a reasonable charging rate.

¢. When the lighting swiich is closed, the entire lighting current flows
through section 1 of the series field in the same direction as the shunt
field. The strength of the field is thereby increased, giving a higher
generator output to take care of the lighting load.

d. If the lights are turned on before the generator cut-out closes, the
entire lighting current is supplied by the battery. This current then flows
through all of the series field, instead of section 1 only, in the same
direction as the shunt field, making the total field strength still greater.
This will build up the generator voltage to close the cut-out. The entire
current output of the generator, which passes through the cut-out, flows to
the center tap of the series field where it divides, part of the current
flowing in one direction through to the battery and the remainder to
the lights.
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Figure 151. Thermostatic Control of Third Brush Generator.
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e. As soon as the cut-out closes, the generator begins to pick up the
lighting load. This lessens the drain on the battery and thereby reduces
the current flowing through section 2 of the series field. When the
generator output just equals the lighting current, the current in section 2
is zero, and as the generator output increases further, current begins to
flow in the reverse direction through section 2 to the battery. This tends
to weaken the field built up by the shunt winding and section 1 of the
series winding. By obtaining the proper relationship between the shunt
winding and the two sections of the series winding, results quite similar

Figure 152. Spkt Series Field Generator.

RA PD 354399
Figure 153. Simple Direct-current Motor.



to those obtained from voltage regulation are secured, and the battery
is kept in a charged condition.

f- The charging rate of the split series field generator may be adjusted
by shifting the third brush as in the regular third brush generator. In
some generators of this type separate coils are used for the two sections
of the series field. In others the two sections are combined into one coil.
Generators of this type do not have standard connections and must not
be confused with the ordinary third brush generator. Neither binding
post should be grounded under any circumstances. Proper connections
are shown in figure 152.

Section lll. STARTING SYSTEM

122. Electric Starter

The electric starter, h;ving supplanted the mechanical and air starters,
is now furnished as standard equipment on all passenger cars, most
trucks, and on some tractor, airplane, and marine engines. The electric
starter is a low-voltage direct-current motor capable of developing high
torque, and is supplied with current from the battery.

123. Simple Direct-current Motor

a. Fundamentally, an electric motor is constructed the same as a gen-
erator. If the brushes of the simple generator are connected to a battery
and current permitted to flow through the loop of wire (fig. 153), the
loop of wire will rotate in the direction indicated by the arrow. Briefly,
this rotation is due to the repulsion between the field magnetism and the
magnetic whirl set up around the loop of wire by the current.

b. The repulsion is caused by all the magnetic lines of force tending to
flow around the conductor in the same direction. This distorts and crowds
the magnetic lines on one side of the conductor more than on the other,
which results in a repulsion of the conductor (fig. 154 (1)). If the
magnetic field is reversed, with the direction of current unchanged, the
magnetic lines of force will crowd to the other side of the conductor, and
it will be repelled in the opposite direction (fig. 154 (2)). The same
action would result if the current, instead of the magnetism, were re-
versed. Thus in figure 153, owing to the current flowing in the two sides,’
A and B, of the loop in reverse directions and the consequent field distor-
tion (fig. 153 (2)), A will be repulsed upward and B downward, and the
loop will rotate in a clockwise direction.

c. In practice, the motor armature has many armature coils equally
spaced around the entire circumference of the armature core, each of
which carries current and, consequently, exerts a force to rotate the
armature as it passes the pole pieces. The result is a comparatively high
turning power or torque which, if applied through suitable gear reduc-
tions, is sufficient to crank the engine.

7520760—48—14
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124. Starting Motor Drives

The starter motor may drive the engine through a pinion or by a dog
clutch attached to the motor armature shaft, which is brought into mesh
with teeth cut on the rim of the flywheel or into mesh with the mating
half of the dog clutch. The drive must be equipped with an overrunning
clutch or some other means of quick disengagement. Owing to limitations
of size and capacity of the battery, a high-speed starting motor with a
high gear reduction is used to obtain the necessary power. The great speed
reduction required is effected in the majority of cases by utilizing the
flywheel as a driven gear. In some instances, the gear is bolted or shrunk
on the flywheel, while in others the gear teeth are cut directly in the rim
of the flywheel itself. The starting motor is mounted on the flywheel
housing.

a. GeAr RepucTtioN. The gear reduction obtained through the flywheel
gear with a single reduction is usually about 11: 1 or 12 : 1 (sometimes
it is as high as 16:1) ; that is, the speed of the motor armature is 11 or
12 times that of the flywheel. The pinion gear on the armature shaft
meshes directly with the gear teeth on the flywheel. In some cases, how-
ever, a double reduction is used in which the gear ratio may be as high
as 25:1 or even 40:1. With double reduction, the gear on the armature
shaft does not mesh directly with the teeth on the flywheel but with an
intermediate gear which drives the flywheel driving pinion. The double-
reduction drive permits the use of a very small starting motor running
at hlgh speed, but it has the disadvantage of requiring a more compli-
cated mechanism than the single-reduction drive.

b. PepaL SHIFT. (1) With this type of starting mechanism, the starter
pinion is meshed when the driver presses the starter pedal. Such a system
is shown in figure 155. This system includes an overunning clutch type
of drive so that the pinion is automatically disengaged from the flywheel
at the instant the engine begins to fire.

(2) When the shift lever is moved by the action of ‘the driver in
stepping on the starter pedal, the pinion gear is shifted into mesh with
the flywheel gear. After the gears are in mesh, continued movement of
the pedal operates the starter switch and causes the motor to crank the
engine. In case the pinion does not mesh perfectly with the flywheel,
further motion of the shift lever compresses a spring so that the pinion
will snap into mesh the instant the starting motor armature begins to
rotate. After the engine has started, releasing the starter pedal will pull
the pinion out of the mesh.

c. OVERRUNNING CLuTcH. Power can be transmitted through the
overrunning clutch in only one direction, which prevents the engine from
driving the starting motor, The outer race of the clutch (fig. 156) is
driven by the starting motor shaft, the inner portion or clutch rotor being
connected to the pinion which meshes with the teeth on the engine fly-
wheel. Sometimes the outer race and rotor are connected in the opposite
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Figure 156. Typical Overrunning Clutch Construction.
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Figure 157a. Solemoid Shift Starter Drive With Overrunning Clwtch.
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manner. Steel rollers are located in wedge-shaped spaces between the
rotor and the outer race. Springs and pins normally hold the rollers in
position within the wedge spaces. When the starting motor shaft turns,
the rollers are jammed between the wedge-shaped surfaces causing both
the inner and the outer members to rotate as a unit and the motor to
crank the engine. As soon as the engine tends to transmit power through
the pinion in a reverse direction, the inner portion of the assembly (fig.
156) is driven by the flywheel and tends to work the rollers back against
the pins to where the space is greater, thereby causing a slipping or over-
running action. As a result, the clutch cannot be driven in this direction.
This prevents excessive speeds of the starting motor.

125. Solenoid Shift

Shifting the pinion gear into mesh with the flywheel gear is made
automatic on a good proportion of modern vehicles by the use of a
solenoid.

a. DEFINITION OF SOLENOID. A solenoid is a coil of wire wound in
the form of a helix of one or more layers which produces a magnetic
field when a current is passed through it. The magnetic field thus pro-
duced flows in concentric circles around the wire.

b. OPERATION OF SOLENOID SHIFT. A remote control switch of one
type or another is necessary to operate the solenoid. The ignition switch
is connected into the control circuit so that the starting motor will not
operate until the ignition is on. The solenoid shift unit is rigidly mounted
on the starting motor field frame. Inside the solenoid coil is a heavy
" plunger connected to the shift lever (fig. 157). The two larger terminal
posts on the shift unit are connected in series with the starting motor.
The smaller terminal which leads to the solenoid is connected into the
remote control circuit. When the remote control circuit is closed to
supply current to the solenoid coil, the solenoid exerts a pull on the shift
plunger which shifts the pinion into mesh with the flywheel teeth. After
the pinion shift lever has moved the distance required for meshing the
pinion gear, the pointed end of the shift plunger presses against the
end of a contact plunger and pushes a contact disk on the contact plunger
across the switch contacts to operate the starting motor. An overrunning
clutch is required with this system to prevent damage to the starter at
the time the engine fires.

¢. Pusu BurroN CoNTROL. (1) One method of controlling the sole-
noid shift is by means of a push button on the instrument panel. Pushing
the button closes the control circuit so that current can be supplied to the
solenoid coil.

(2) A relay is frequently used in the control circuit to supply cur-
rent to the solenoid coil (fig. 157). Only a low current control circuit to
the instrument panel push button is then necessary. The relay will close
the circuit through the solenoid coil which carries a larger current.
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d. Vacuum ConTroL. (1) A vacuum switch, operated by movement
of the accelerator in combination with a control relay, is another method
of controlling the solenoid. This combination, when properly adjusted,
eliminates the possibility of the starting motor operating while the engine
is running.

(2) Vacuum switch control of the starter solenoid is shown in figure
158. When the ignition switch is on and the vacuum switch contact
points are closed, current will flow through the control circuit as indi-
cated by arrows in figure 158. The solenoid relay is then energized and
its contacts close to supply current to the solenoid shift unit which
operates the starting motor. The control circuit is completed through
generator brushes or field to the ground connection on the generator.

(3) Depressing the accelerator pedal operates a linkage which turns
the throttle cam (fig. 158) counterclockwise and moves the push rod
away from the contact blade. When the engine is not operating, the
blade will move with the push rod to close the vacuum switch contacts.
The vacuum produced in the manifold when the engine starts causes the
diaphragm to compress the spring and rotate the switch cam. The lug
on the switch cam opens contact points and latches on an insulated
pin on the contact blade, holding the points ppen. When the engine stops
or stalls, there is no vacuum in the intake manifold, and the spring
tends to push the diaphragm back to its original position, but it is held
by the latched switch cam. When the foot is taken off the accelerator
pedal, the push rod pushes against the contact blade sufficiently to un-
latch the cam and allows the vacuum diaphragm to return to its original
position. The contact points are held open by the push rod, but when
the accelerator is depressed to start the engine, the push rod moves
away from the contact blade and the points close to operate the starter
solenoid.

(4) The solenoid relay is mounted on the solenoid shift (fig. 158).
In some cases, it is mounted on top of the generator with the cut-out
relay. The contact points in the solenoid relay close at 4.3 to 4.7 volts
and remain closed while cranking until the battery voltage becomes 2.0
volts or less. After the engine starts, the generator voltage builds up,
and as soon as the difference between the generator voltage and the bat-
tery voltage is 2.0 volts, or less, the relay contact points open.

126. Bendix Drive

The Bendix drive is a starting mechanism used on many cars. This
automatic screw pinion shift mechanism is built in two distinct styles:
the inhoard type, in which the pinion shifts toward the motor to engage
the flywheel ; and the outboard type (fig. 159), in which the pinion shifts
away from the motor. The same general construction is used in both
types. A sleeve having screw threads (usually a triple thread), with
stops at each c¢nd to limit the lengthwise travel of the pinion, is mounted
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Figure 158. Vacuwm Switch Control of Solenoid Shift.

Figure 159. Starter Bendix Drive, Outboard Type.
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on the extended armature shaft. The pinion gear, which is unbalanced
by a weight on one side, has corresponding internal threads for mount-
ing on this sleeve. The sleeve is connected to the motor armature shaft
through a special drive spring attached to a collar pinned to the
armature shaft.

a. OPERATION. When the starting motor is not running, the pinion is
out of mesh and entirely away from the flywheel gear. When the starting
switch, which may be foot- or hand-operated, is closed and the total
available battery voltage is impressed on the motor, the armature imme-
diately starts to rotate at high speed. The pinion, being weighted on one
side and having internal screw threads, does not rotate immediately
with the shaft, but because of its inertia, runs forward on the revolving
threaded sleeve until it meets or meshes with the flywheel gear. If the
teeth of the pinion and the flywheel meet instead of meshing, the drive
spring allows the pinion to revolve and forces it into mesh with the fly-
wheel. When the pinion gear is fully meshed with the flywhecl gear, the
pinion is then driven by the motor through the compressed drive spring
and cranks the engine. The drive spring acts as a cushion while the
engine is being cranked against compression. It also breaks the severity
of the shock on the teeth when the gears mesh and when the engine
kicks back due to early ignition. When the engine fires and runs on its
own power, the flywheel drives the pinion at a higher speed than does
the starting motor, causing the pinion to turn in the opposite direction
on the threaded sleeve and automatically demesh from the flywheel. This
prevents the engine from driving the starting motor. When the pinion
is automatically demeshed from the flywheel, it is held in a demeshed
position by a latch until the starting switch is again closed. '

b. ADVANTAGES. Among the chief advantages claimed for this type of
motor drive are:

(1) Simplicity of construction.

(2) Mechanism automatic in operation, requiring no action by the
operator other than pressing the starter switch.

(3) High starting speed, because the starting motor is permitted to
pick up speed before the load is applied.

(4) The engine is given a high cranking torque immediately, thus
requiring little cranking and minimizing the demand on the battery.

¢. D1sADVANTAGES. Among the disadvantages are:

(1) The quick impulse given to the pinion is likely to cause nicking
or breaking of the teeth when the pinion does not mesh properly on
first contact with the flywheel teeth.

(2) Breakage or nonfunctioning of the pinion latch will cause the
pinion to drift toward the flywheel teeth which is likely to cause damage
if the engine is running.

(3) All of the starting motor torque is transmitted through the drive
spring which puts it under considerable strain.

212



Section IV. LIGHTING SYSTEM

127. Motor Vehicle Lighting

The history of automobile lighting runs parallel with the history of
the lighting of houses and buildings; oil lamps and gas lamps having
been used in the early automobile. With the development of a satis-
factory electrical system, electric lighting has become the standard
means of lighting motor vehicles.

a. CompoNENTS. The lighting system as found on most modern motor
vehikcles consists of the following:

(1) Two head lights for illuminating the road ahead of the vehicle.

(2) Two parking or side lights for indicating primarily the location
of the vehicle when parked.

(3) Tail lights to illuminate the rear license number plate and to
show a red light to the rear.

(4) Instrument panel lights to illuminate the instruments.

(5) Body lights, such as dome and step lights, to light the interior
of the vehicle.

(6) Special lights, such as spot lights, signal lights, blackout lights,
stop and backing lights.

(7) Wires and control switches to connect these lights and lamps
to the current source.

128. Lamps

6. GENERAL, Small gas-filled incandescent lamps with tungsten fila-
ments are used on motor vehicles. The filaments supply the light when
sufficient current is flowing through them. The lamps are designed to
operate at low voltage, that is 6 or 12 volts (corresponding to the
voltage of the electrical system used), and are wired to operate from
control switches located within convenient reach of the driver.

b. ConstrUCTION. Most lamps are provided with a single contact
for each filament within the lamp, the current through each filament
being completed to the shell of the lamp base. A double filament lamp
with the single contact construction is shown in figure 160. Two contacts
are provided on the lamp base, each one being connected with one of the
filaments. The return from both filaments is to the lamp base shell
which is grounded through the lamp socket. Thus there are two separate
circuits with two contacts on the base, each of which might properly
be termed a single contact, for a grounded circuit.

¢. S1ze. Lamps range in size from the small 14-candlepower 'instru-
ment panel lamps to the large 50 or more candlepower driving lamps.
Inasmuch as the voltage used is low and the current required as a result
is high, the filaments are much shorter and stronger than those used
for standard house lighting lamps. A short and thick rather than a long
and thin filament naturally stands more rough treatment, and this is
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Figure 161. Effect of Lamp Position in Parabolic Reflector.

desirable in the case of a lamp subjected to the vibrations of a motor
vehicle, A short filament also provides a concentrated light source that
will give a better focus. The candlepower (measure of light intensity)
delivered by a lamp depends upon the voltage and amperage consumed.
The 2-candlepower lamp consumes 0.43 ampere at 6 volts. The 4-candle-
power lamp consumes 0.85 ampere at 6 volts. A lamp similar to the one
shown in figure 160 having two filaments, one of 32 candlepower and
the other of 21 candlepower, will draw 3.9 and 2.8 amperes.

d. CURRENT REQUIREMENTS. One reason for the rapid discharge of
storage batteries in winter is the increased number of hours which lamps
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Figure 162. Rays of Light from Head Light Distributed by Prismatic Lens.

are used. Naturally there is a direct relation between the total current
consumption and the number of lamps used. All storage batteries are
rated by ampere hours; that is, the number of hours a battery can be
used at a certain discharge amperage before it becomes depleted. For
instance, two head light lamps burning at 4 amperes each, a total of 8
amperes, would discharge a storage battery rated at 80 ampere hours
in approximately 10 hours unless the generator charged the battery.

129. Light Beams

a. Use oF REFLECTOR. A lamp bulb is mounted within a reflector so
that the light can be gathered and directed in a confined beam. The best
light beam from a lamp is obtained by the use of a parabolic reflector
which is the type in general use. There is a focal point near the rear
of the parabolic reflector at which the light rays from the lamp are
picked up by the polished surface of the reflector and directed in paral-
leled lines to give a beam with a circular cross section. Any other position
of the lamp will not give as confined a beam but will tend to scatter the
light as shown in figure 161.

b. Use oF PrismaTic LENs. The light beam is distributed over the
road by means of a prismatic lens. The effect of a prismatic lens fitted
to parabolic reflector is shown in figure 162. The lens bends the parallel
rays from the reflector so that the light is distributed over the road.
The vertical flutes of the lens spread the light rays so that the beam
is flattened, with the edges thrown out toward the side of the highway.

¢. COMBINATIONS OF BEaMs. Many combinations of light beams are
possible. One combination of head light beams that has been commonly
used is shown in figure 163. The beam from the right head light (fig.
163 (1)) is projected high to the right side of the road and low to the
left side, and the beam from the left head light (fig. 163 (2)) is pro-
jected high to the left side and low to the right side. Portions of the
beam are deflected lower than other portions due to the design of the
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lens. When the right and left beams are not the same (fig. 163 (1) and
(2)), the lenses for right and left head lights are not interchangeable.
These beams combine to give a nearly symmetrical beam for driving
(fig. 163 (3)).

With some head lights, the left-hand light illuminates the right-hand
side of the road, while the right-hand light illuminates the left-hand
side of the road. Both lights together give a symmetrical beam some-
what similar to figure 163 (3).

The present tendency is toward a spreading beam which illuminates
a wide area rather than a concentration of the beam directly in front
of each head light as shown in figure 163.

130. Head Lights

a. GENERAL. (1) In head lights of the older type, means are provided
for focusing and directing the light. By focusing is meant bringing the
filament of the lamp to the focal point of the reflector; by directing is
meant aiming the light properly.

(2) Later developments brought into general use a two-filament lamp
having its position fixed with respect to its mounting socket at the rear
of the reflector so that the filaments remain fixed at the proper focus
(fig. 160). To improve the lighting of the roadway, it is necessary only
to direct the light.

b. Parts. The principal parts of an autemobile head light are the

Figure 163. Head Light Beams.
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Figure 164. Head Light Construction.

housing, with some means provided for mounting the housing; lamp and
socket ; reflector; and lens with rim and gasket to hold the lens. in place
and to keep dust out of the head light interior. These parts are shown
in figure 164. One of the lamp filaments, a larger filament, is placed
close to the focal point to obtain a good beam for driving on the high-
way, while a second filament is placed just off the focal point so that
a depressed beam is obtained for passing other cars and for city driving.
A parking lamp is at times also incorporated within the head light
as shown.

c. SEALED BeEaM. (1) A superior head light that has been adopted
is the sealed beam head lamp unit. Not only does it provide far better
and more powerful illumination than previous lamps, but it maintains
its initial brilliancy with only a slight loss throughout its life. This is
because the lens glass is permanently sealed to the reflector, effectively
barring moisture which corrodes the reflector and preventing the
entrance of dust and dirt.

(2) When a filament burns out, the whole unit must be renewed.
However, it has a greater filament life than other type lamps and requires
no maintenance to keep the lamp in good condition.

(3) The sealed beam head lamp wunit is made in two types, one with
a silver-plated metal reflector and the other with an aluminum surfaced
glass reflector. The metal type contains a conventional double filament
lamp which is mechanically sealed in the unit, whereas the glass type
is its own lamp since the lens and.reflector are fuzed together forming
a gastight unit with the filaments sealed into the reflector (fig. 165).

(4) Two filaments are provided in the sealed beam head lamp unit,
one furnishing an upper beam for country driving, and the other giving
a depressed beam for passing or city driving. With the upper beam in
use, the new sealed beam lamp units provide 50 percent more light
than previous 32-candlepower lamps and also distribute the light more
effectively. The upper beam filament requires 40 to 45 watts, and the
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Figure 165. Sectional Views of Sealed Beam Head Light Lamp-um't;.
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depressed beam filament requires 30 to 35 watts which is more current
than that required by the 32-candlepower lamps. Directing the head
light to the roadway is the only adjustment required on sealed beam
head lamps. Parking lights are separate.

d. MouNTING. The two head lights are mounted so that their centers
are between 32 inches and 42 inches from the ground. The lights are
supported by brackets from either the fender or chassis frame or both
and are usually sufficiently adjustable to permit changes in the vertical
and the horizontal angle of the head lights to aim the beam correctly.

131. Elimination of Glare

a. Cause of glare. Any light source is said to produce glare if it appre-
ciably reduces the distinctness of vision of anyone looking toward it.
Practically speaking, ,the blinding or dazzling effect of light is not due
so much to the brilliancy of the light as to the lack of illumination in
the immediate vicinity through which the rays are projected. The head
light, for example, which produces glare on a dark road at night would
not produce glare on a well-lighted street, and in the daytime with the
sun shining it would hardly be noticed. Glare at night is caused by
directing strong beams of light into the eyes of approaching drivers and
pedestrians. If the strong light rays can be kept below the eye level,
the nuisance of glare will be largely eliminated.

b. ELIMINATION. Many tests have been conducted by the Society of
Automotive Engineers and by manufacturers to eliminate head light
glare as much as possible and still have sufficient illumination for safe
driving, Two beams are specified to meet these requirements; an upper
beam to provide sufficient illumination in front of the vehicle while
driving, and a depressed beam to avoid dangerous glare under normal
conditions of passing. The driver is responsible for selecting the proper
beam. The maximum and minimum intensity at important points of both
beams are definitely specified and can be checked with the light intensity
or foot-candle meter.

132. Road lllumination

Until recently, many of the States had laws prohibiting the use of
lainps of over 32 candlepower in head lights. Modern development has
brought about a radical change in what is considered good road illu-
mination. The high intensity beam of light has given way to the principle
of more illumination and lower general intensity. The 32-candlepower
lamp is sufficient with a narrow, high intensity beam but with the general
flood lighting effect desired today, a larger light source is necessary.
The sealed beam head lamp has been developed to meet these require-
ments. With the increased use of high-powered lamps have naturally
come laws enforcing the proper focusing of the lights and the use of
dual-beam head lamps.
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133. Focusing

a. When focusing head lights, it is desirable to place the vehicle on
a level surface in front of a focusing screen. The type of adjustment
provided on the head light must be determined. If the head light is not
of the fixed-focus type, the light must be focused first by an adjusting
screw usually provided at the rear of the head light. The adjusting
screw should be turned in or out to secure the most concentrated light
on the lighting screen.

b. As most automobiles are provided with fixed-focus lamps, all that
is necessary when adjusting the light beam is to have the head light
properly aimed as shown in the head light aiming chart (fig. 166).
The car is placed 25 feet from the screen on a level floor. The upper
beams from both head lights should be directed straight ahead. The top
of these beams should project to the height of the light centers as marked
on the focusing screen. If this is done, the beams from the head lights
will always be below the vision of approaching drivers on a level road. The
amount of deflection obtained from depressed beams is fixed by the
distance between the filaments of the lamp.

134. Depressed Beam

In order to enable the driver to prevent glare in the eyes of approach-
ing drivers, various methods of depressing the head light beam have
been introduced.

a. DouBLE FiLAMENT LaMps. Double filament lamps are commonly
used at the present time to obtain both driving beams from one lamp.
The lamp is designed so that when it is mounted in the head lights, one
filament will be at the focal point of the reflector, and the other filament
will be slightly out of focus so that the rays will be deflected downwand.
Depressing the beam is accomplished by a foot-operated switch which
changes the current from one filament to the other.

b. TiLting ReFLEcTORs. Tilting reflectors have been used for obtain-
ing the depressed beam. The reflectors are mounted on a horizontal pivot
so that by manipulating a lever on the steering column, the head light
reflectors may be tilted forward to lower the light beams, thus reducing
glare. This method differs from the other methods in that it merely
redirects the light rays and does not reduce either the light intensity of
the current consumption of the lighting system for driving on lighted
highways and city streets.

c. SEPARATE HEAD LAMPs. Separate head lamps have been used to
obtain the two driving beams, each head lamp having one filament at
the focal point. Four head lamps are provided, two being directed for
the upper beam and two for the depressed beam.

135. Switches

a. Heap LicHT. (1) Two head light controls are usually provided,
one switch being mounted on the instrument panel and another switch

-
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on the toe board near the clutch pedal position. A light control switch
for instrument panel mounting is usually of the plunger type with three
positions. In the first position, with the plunger knob pushed all the way
in, head lights, parking lights, tail lights, and instrument lamps are all
off; that is, the switch is open. In the second or middle position, the
parking lights, tail lights, and instrument lamps are turned on. In the
third position, with the plunger knob pulled all the way out, head lights,
tail lights, and instrument lamps are on. With the plunger knob in this
position, it is possible to change the head lights for either upper or
depressed beam by pressing the foot dimmer switch on the toe board.
Thus it is possible for the driver to shift from the driving beam to the
passing beam without removing his hands from the steering wheel. This
is highly desirable at high speeds. Usually a small indicating lamp is
provided on the instrument panel, which will light when the upper
driving beam is on, giving the driver an indication of which beam is
being used.

(2) Some manufacturers provide four positions on the instrument
panel light switch. Two positions are then provided for the selection of
the proper light beam. When the instrument panel switch is in the third
or depressed beam position, the foot dimmer switch is inoperative ; thus,
the driver can maintain the depressed beam when there is difficulty in
distinguishing which beam is in use. The foot dimmer switch is operative
for the selection of the proper beam when the knob is in the fourth
position or all the way out.

(3) The foot dimmer switch is located either to the left of the clutch
pedal or between the clutch and brake pedals so that the left foot can
he used to operate the switch. The switch is operated by depressing the
button to the full depth, which rotates a contactor cam, breaking one
contact and making the other. Depressing the button a second time
restores the switch to its original position. The switch is designed so
that the contacts overlap; that is, one contact is made before the other
is broken, so that both beams will not be off at the same time. This
eliminates any possibility of head lamps being out while changing beams.

b. Stop LiGHT. (1) As the function of the stop light, mounted at the
rear of the vehicle, is to warn any following vehicle that the driver
intends to stop, or slow down, the stop light should be so mounted and
its brilliance such that it may be readily noticed either day or night. For
reason of safety, operation of the stop light should also be automatic so
that special attention is not required by the driver. Thus, the stop light
is expected to go on whenever the brakes are applied to slow down
or stop the vehicle.

(2) Two types of stop light switches have been universally adopted,
one for use with mechanical brake systems, and the other for use with
hydraulic or air-operated brake systems.

(3) The operation of the stop light switch must be coincidental with
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the operation of the brake pedal. In the mechanical switch, the contacts
are closed by a linkage connection to the brake pedal. The hydraulic
switch unit is connected directly to the master cylinder so that when the
brakes are applied the fluid pressure will operate the switch. The stop
light switch on air break systems is operated from the air pressure of
the system.

c. Brackour LiGHT. Vehicles provided with blackout lights have a
special blackout light switch which incorporates the operation of the
service lights and blackout lights in one unit. This switch is shown in
figure 167, with its connections to the various units in the lighting
system. The plunger knob has three positions: off, blackout lights, and
service lights. In its second or middle position, the switch turns the
blackout lights on, keeping all other lights off. The plunger knob can-
not be pulled out to its third position until the safety lock button is
pushed in. This is a safety feature to prevent any lights visible from
above being accidentally turned on during a blackout. In the third posi-
tion, with the plunger knob pulled all the way out, the service lamps
are on and operate normally as described in a above. A trailer connection
is provided to operate lamps on the rear of the trailer. Trailers are
provided with blackout lights only. These are lit when the switch is in
both the second and third positions.

136. Other Lamps

a. INSTRUMENT LiGHTs. Ordinarily, indirect lighting is used for the
instrument lamps, which light whenever the lighting swilch is in any of
the “on” positions. Many cars are equipped with an instrument panel lamp
switch so that the instrument panel lamps can be turned off when desired.

b. DoME LiGHTs. Practically all closed automobiles make use of dome
or tonneau lights. These are ordinarily controlled by means of a switch
on a body post near the right-hand door.

c. ParkiNG Liguts. (1) The smaller lights used for parking are
sometimes located immediately above or below the main head lights. The
parking light housing is then usually constructed as a part of the main
head light housing.

(2) Side lights sometimes serve as parking lights in which case a
separate housing is used.

(3) A smaller lamp located within the main head light and above the
main head light lamp has been frequently used to provide a parking
light. A 4- or 6-candlepower lamp, or smaller, is used for a parking light.

d. TaiL ANDp Stop LigHTs. Tail and stop lights are ordinarily com-
bined, with two lamps contained in a single housing with a red lens. A
larger lamp (about 15 candlepower) is used for the stop light and a
smaller lamp (about 3 candlepower) for the tail light. Tail and stop
lights are sometimes enclosed in a single lamp having a double filament.
Tail lights light whenever the lighting switch is in any of the “on”
positions.
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e. BackiNG LicHTs. Occasionally a backing light is used, mounted so
as to direct light to the rear of the vehicle. It is arranged and wired
so that a switch turns on the lamp when the gear shift lever is put into
reverse position.

f. Spor LicHTs. These lights are similar in construction to the head
lights. They are designed to project a beam for a great distance ahead
and are constructed so that the light can be aimed by the vehicle opera-
tor. They are valuable for detecting pedestrians at a safe distance, for
observing the condition of the roadway to the sides, and for reading
road marking signs.

g. AUXILIARY DRivING LiGHTS. In order to improve the lighting of
the roadway without throwing glaring light rays into the eyes of
approaching drivers and pedestrians, auxiliary driving lights are some-
times used. They are designed to be mounted on the front of the car on
the head light tie rod, on the fender, or on the horns of the car frame.
Spot lights may be used for this purpose and mounted similarly.

h. INDICATING LiGHTs. Buses and trucks are usually provided with
lights to indicate their width or length. These lights are provided with
red, yellow, or green. lenses to attract the attention of approaching
drivers. The lights are required by the Interstate Commerce Commission
and should be arranged and operated in accordance with their
instructions.

i. BLockout LicHTs. (1) It is a difficult problem to provide a light-
ing system for night driving that will illuminate the roadway sufficiently
to drive at reasonable speeds with a fair degree of safety and at the
same time prevent effective observation by the enemy. Intensive study
is being given to luminous markers placed on roadsides and on vehicles
* combined with special driving lights, which illuminate the markers and
at the same time are not visible at a distance. The problem of proper
night lighting and the use of marking devices depend largely on the
selection of drivers. Two men who see equally well in daylight may
have quite different relative vision at night. Tests must be made for -
the selection of men who have acute vision at night. At the present time,
small blackout lights are used. Further research will probably bring
other developments.

(2) Blackout lights are used to enable a convoy to move at night
without being observed from the air. These lights provide sufficient
illumination to enable units in a convoy to keep in line while progressing
at slow speeds. Two blackout head lights, two blackout tail lights, and
a blackout stop light are provided for this illumination. All other lights
in the car are off when the blackout lights are lit.

(3) Small housings, somewhat similar to passenger car parking light
housings, are used with small lamps that produce subdued lighting., A
shutter somewhat like a venetian blind is placed in front of the lens to
prevent any light from being projected upward.
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CHAPTER 11
OVERLOAD BREAKERS, INSTRUMENTS AND GAGES

Section . OVERLOAD BREAKERS

137. Overload Breakers

Besides limiting the current by current regulation, the battery and
wiring should be protected against excessive loads which might occur
due to shorts or grounds in the wiring system. Such protection may be
secured by a current limiting circuit breaker or a single fuse. The
location of an overload breaker in the electrical system is shown in
figure 168.

a. Circurr BrEAKER. (1) The circuit breaker is a protective device
designed to open the circuit when a current in excess of what it is in-
tended to carry passes through its winding. All ocurrent for lights and
accessories pass through it. It is similar in construction to the cut-out,
but opens the circuit rather than closes it. If there is a ground or other
trouble in the circuit, the rush of current will start the circuit breaker
vibrating and in this way it indicates that there is something wrong in
the system. The device breaks the circuit at about 25 amperes but after
opening, allows only about 5 ampetes to pass through, which keeps it
vibrating. Thus the circuit breaker protects the battery from rapid dis-
charge when trouble develops. The circuit breaker will continue to vibrate
until the trouble is found and corrected.

(2) In all types of circuit breakers, the short circuit must be removed
before the breaker can be reset. The short circuit can be easily located
by disconnecting each circuit separately until the circuit breaker stops
vibrating.

(3) Some automatic breakers do not vibrate but have a “telltale” light
placed across the contacts. This light, generally placed where it is visible
by the operator, is protected by a resistance. When the circuit breaker
contacts are opened by excessive current, the light flashes on. There is
generally sufficient current flowing through the relay coil with the lamp
in series to hold the contact arm of the circuit breaker down until the
short is removed. After removing the short, it may be necessary to turn
off all lights for an instant to permit the relay to reset itself and extin-
guish the “telltale” light.
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b. Fuse. A more common method of protection is to use a fuse in the
lighting circuit. Whenever there is an excessive current through the
lighting circuit, the fuse will burn out and open the circuit. The short
circuit should be removed before the fuse is replaced. The disadvantages
of using a fuse are that the circuit must be traced to locate the trouble
and that a burned-out fuse must be replaced. However, it provides much
cheaper protection to the system.

Section Il. INSTRUMENTS AND GAGES

138. Instrument Panel

The instrument panel is usually placed so that the instruments may be
casily read by the driver. They inform the driver of the approximate
speed, engine temperature, oil pressure, rate of charge or discharge
of the battery, amount of gasoline in the supply tank, distance traveled,
and the time. Certain controls are frequently mounted on the instrument
board such as throttle, spark, choke, starter, heater, windshield wiper,
and other controls.

139. Ammeter

a. The ammeter is used to indicate the amount of current flowing to
and from the battery. It does not give an indication of total generator
output because other units in the electrical system besides the battery
are supplied by the generator. If it shows a 10-ampere discharge it
indicates that a 100 ampere-hour battery would be discharged in 10
hours; that is, 10 amperes flowing for 10 hours.

b. Current flowing from the storage battery to the starting motor is
never sent through the ammeter, since the great quantities used (200 to
600 amperes) cannot be measured on an instrument of such limited
capacity. In the usual type of ammeter, all the current flowing to and
from the battery, except for starting, is actually sent through a coil to
produce a magnetic effect which deflects the ammeter needle in propor-
tion to the amount of current. Thirty amperes is about the maximum
capacity for this coil.

140. Fuel Gage

Most fuel gages are electrically operated and composed of two units;
the indicating unit which is mounted on the instrument panel, and the
tank unit which is mounted on the gasoline fuel tank. The ignition switch
is included in the fuel gage circuit so that the electrical fuel gage
operates only when the ignition switch is “on.” Operation of the electrical
gage depends on either coil action or thermostatic action.

a. CoiL Type. (1) The electrical circuit for a fuel gage is shown in fig-
ure 169 in which the coil type indicating unit is illustrated. Indication of
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the fuel level is accomplished by the variation in magnetic effect of two
coils on a pointer caused by a change of resistance in the tank unit. The
rising or falling float in the fuel tank moves the arm of a rheostat or
variable resistance.

(2) Current from the battery passes through the limiting coil to the
common connection between the two coils, which is the lower terminal
on the indicating unit. At this point, the current is offered two paths, one
through the operating coil of the indicating unit and the other over the
wire to the tank unit. When the gasoline tank is empty, the grounded
rheostat arm on the rheostat cuts out all the resistance in the tank unit.
Most of the current will pass through the tank unit circuit because of
the low resistance and only a very small portion through the operating
coil of the indicating unit. As a result, this coil is not sufficiently mag-
netized to move the indicating pointer in the indicating unit which is
held at the empty position by the limiting coil. If the gasoline tank is
partly full, the float of the tank unit rises on the surface of the gasoline
and moves the rheostat arm over the resistance, putting resistance into
the tank unit circuit as indicated by the broken lines in figure 169. More
current will then pass through the operating coil to give a magnetic
pull on the pointer, which overcomes some of the pull of the limiting

Figure 170. Instrument Panel Indicating Unit of Bi-metal Thermostatic.
Fuel Gage (Dial Removed).
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coil. When the tank is full, the tank unit circuit contains its maximum
resistance to the flow of current. The operating coil will then receive
its maximum current and exert a maximum pull on the pointer to give
a full tank reading. As the tank empties, the operating coil loses some
of its magnetic pull while the limiting coil still has approximately the same
pull so that the pointer is pulled toward a lower reading.

(3) This type of gage consumes very little current, about 14 ampere.
Since the operation of this gage depends on the difference in the mag-
netic effect between two coils, variations in the battery voltage will not
cause an error in the gage reading,

b. TuerMmosTATIC INDICATING UNIT. (1) The indicating unit, with
the dial removed, of one type of thermostatically operated electric fuel
gage is shown in figure 170. This gage operates by the electrical heating
of bimetal thermostat blades. The blades A and B are heated by the
insulated resistance wire wound around them. Current enters the fuel
gage at the center terminal on the back of the gage. From there it passes
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through the contact points E, then up the blade C, and down the blades
A and B to a point near the end of each blade where the resistance heater
wire is welded to them. It then passes up through the resistance wire on
each blade to the terminals marked Nos. 1 and 2. These terminals are
both connected by separate wires to each end of a rheostat in the
tank unit.

(2) When the tank unit float is all the way down, all of the rheostat
resistance (25 ohms) is in terminal No. 2 circuit and none is in terminal
No. 1 circuit. Most of the current will flow through terminal No. 1
circuit and the bimetal blade A. This current through the resistance wire
on blade A will heat the blade making it deflect clockwise and push the
indicator pointer to empty.

(3) When the tank unit float is raised all the way up, the rheostat
resistance is zero in terminal No. 2 circuit and 25 ohms in terminal No. 1
circuit. The resistance wire around the bimetal blade B will then receive
most of the current and become heated. Blade B deflects counterclockwise
when heated so that it pushes the indicator pointer toward full.

(4) The outside bimetal blades C and D compensate for the effect
of outside air temperature on blades A and B and also compensate for
the variation in battery voltage. The combined deflection of the blades,
due to the temperature reached when 5 volts is across the gage, opens
the contact points E. Below 5 volts, the contact points do not open.
Above 5 volts, they open and close intermittently to maintain constant
input to the gage. The insulated contact points F merely act as an
anchor for the entire operating mechanism for the purpose of tempera-
ture compensation. !

¢. THERMOSTATIC INDICATING UNIT AND TANK UNIT TYPE. (1) An-
other type of thermostatic electric fuel gage has bimetal blades in both
indicating and tank units. This type gage may also be used as a tempera-
ture or oil pressure gage by using changes in pressure or temperature
to operate the movable grounded contact in the tank or sender unit.

(2) When the tank is empty and the float is down (fig. 171 (1)), the
two contacts in the tank unit are just touching. Current flows through
the resistance heater wires of both indicating and tank units causing
the bimetal blades to bend. Bending of the bimetal blade in the tank unit
separates the contacts to break the circuit. The heater wire cools when
the current stops flowing and the bimetal blades return to their original
position. Contact is again made and the cycle of operation is repeated
approximately every second. Opening and closing of the contacts gives
an intermittent flow of current which does not heat the indicating unit
blade sufficiently to bend it. The blade then holds the pointer at the
empty reading.

(3) When the tank is full, the action of the float and cam (fig. 171
(2)), pushes the grounded contact against the insulated bimetal contact,
bending the bimetal blade in the tank unit, Since the bimetal is then
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under 2 strain, the current must flow longer to bend it sufficiently to open
the contacts. The longer flow of current will then cause a bending of
the bimetal blade in the indicating unit and push the pointer over to the
full position.

(4) The contacts open and close fast enough to give a steady reading
by the pointer. The maximum current requirement for a full reading is
less than 14 ampere. This type of gage is not affected by variations of
battery voltage and is compensated for outside air temperature
variations.

d. HyprosTATIC GASOLINE GAGE. The hydrostatic gasoline gage con-
sists of a dash unit and a tank unit connected by an air tube. In operating
condition the air tube and air chamber of the tank unit and the air tube
connecting the tank unit with the dash unit are filled with air. The
gasoline tries to rise to the same level in the tank unit as it is in the
tank, but this is impossible because of the air trapped between the
bottom of the tank unit and the liquid in the dash unit. The pressure is
thus transmitted by means of the air column in the air tube to the dash
unit, where it forces the liquid of the dash unit down in the brass tube
and up in the glass indicating tube. The cup and the air-delivery tube
mounted in the tank take no part in the reading of the gage, but act only
as a means of supplying air to the air chamber to keep it full of air.

141. Speedometer

a. GENERAL. A speedometer (fig. 172) is used to indicate vehicle
speed in miles per hour, and to record distance traveled by means of an
odometer. A speedometer is driven through a flexible shaft connected
to a set of gears in the vehicle transmission (fig. 173). These gears are
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Figure 172. Speedometer
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designed for the particular vehicle model and take into consideration the
tire size and rear axle ratio. The flexible shaft, which connects the
transmission driven gear to the speedometer, consists of an outer casing
and the inner drive core (fig. 174).

b. TACHOMETER. A magnetic-type tachometer (fig. 175) is similar
to a speedometer, except that the face dial indicates in revolutions per
minute instead of miles per hour. It is ordinarily used to indicate
vehicle engine speed. A tachometer is driven through a flexible shaft
which is usually connected to the vehicle generator shaft, camshaft, or
distributor shaft by means of a drive joint or adapter. An odometer is
often incorporated in a tachometer to record total revolutions.

c. OPERATION OF SPEEDOMETER AND TACHOMETER. Even though the
internal parts of various magnetic-type instruments vary in construction
and appearance, they all incorporate the same basic components and
operate on the same principles.

(1) Seeep Inpicarion (fig. 176). The speed-indicating portion of a
speedometer or tachometer of the magnetic type operates on the magnetic
principle, and includes a revolving permanent magnet (driven by the
flexible shaft). Around this revolving permanént magnet is a stationary
field plate. (Some instruments have a revolving field plate.) Between
the magnet and field plate is a movable speed cup, with the indicating
pointer attached to the end of the speed cup staff. As the magnet
revolves within the speed cup, it sets up a rotating magnetic field which
exerts a pull or magnetic drag on the speed cup, making it revolve in
the same direction. The movement of the speed cup is retarded and held
steady by a hair spring attached to the speed cup staff. The speed cup
comes to rest at a point where the magnetic drag is just balanced by the
retarding force created by the hair spring. An additional function of the
hair spring is to pull the pointer back to zero when the vehicle or
engine stops. There is no mechanical connection between the revolving
magnet and the speed cup. As the speed of the magnet increases due to
vehicle acceleration or (as in the case of a tachometer) increase in the
engine speed, the magnetic drag on the speed cup also increases and
pulls the speed cup further around, thus registering a faster speed by
the pointer and face dial. The magnetic field is constant, and the amount
of speed cup deflection is at all times proportional to the speed at which
the magnet is being revolved.

(2) OpoMETER OPERATION. (a) TorAL OpoMETER (fig. 177). The
total odometer is driven through a series of gears originating at a spiral
gear cut on the magnet shaft. This gear, known as the “first gear”, drives
an intermediate “second gear” and “third gear” which is connected to a
“fourth gear” at the odometer. The “fourth gear” turns the odometer
through a series of “star pinion” gears inside the odometer dials or figure
wheels. The total odometer usually has five figure wheels or dials, and is so
constructed and geared that as any one wheel finishes a complete revolu-
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Figure 176. Phantom View of Basic Components of Speed—
Indicating Portion of Speedometer.
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Figure 177. Schematic View of Total Odometer.
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tion it turns the next figure wheel to the left 14, of a revolution. Most
models record to 99,999 miles, then automatically “zero” themselves.

(b) Trip OpoMETER (fig. 178). The trip odometer is also driven by
the “third gear”, through the trip odometer drive gear, and another gear
at the trip odometer. The trip odometer usually has four figure wheels,
and is so constructed that as any one figure wheel finishes a complete
revolution, it turns the next figure wheel to the left 1, of a revolution.
The figure wheel on the extreme right registers in tenths of a mile.
Most models record to 999.9 miles, then automatically “zero” them-
selves; also they are usually equipped with a reset mechanism so that
the mileage on the trip odometer can be reset as desired.

142. Oil Pressure Gage

a. LocaTioN AND FuNcCTION. An oil pressure gage indicates the oil
pressure in the system. Usually, such gages are mounted on the instru-
ment board and are calibrated to read in pounds per square inch.

b. OperATION. Most gages are actuated by the pressure of air trapped
above the oil in a very small copper tube connected from the gage to
the lubricating system. Air pressure in the connecting tube is maintained
by the oil pressure in the system. The operation of the gage itself is based
on the use of the Bourdon tube. A Bourdon tube is a semicircular metal
tube, elliptically shaped in cross section, having one sealed end and one

RA-PD 318893

Figure 178. Schematic View of Trip Odometer.
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Figure 179b. Electric Horn (Vibrator Type) Disassembled.

open end. The open end is connected to the pressure system, and if the
pressure of gas or liquid within the tube increases, the tube will tend
to straighten itself. As the pressure decreases, the tube will resume its
normal semicircular shape. By fixing the open end and allowing the
sealed end to move freely, the “straightening” movement of the tube
can be used to move a needle across a dial. A simple spring, gear, and
lever arrangement serves to return the needle as the pressure is reduced
and the tube resumes its shape.
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143. Temperature Gage

A temperature gage, mounted on the dash board, indicates the tem-
perature of the coolant in the water jacket and may operate either elec-
trically or on the principle of the Bourdon tube.

a. BournoN TuBe. When the principle of operation is the Bourdon
tube, described in paragraph 142b, it is actuated by pressure conducted
to it from a bulb which is screwed into the water jacket of the engine.
The heat of the water affects the liquid in the bulb. This liquid vaporizes
at a very low temperature and the gas flows through the capillary, a very
small tube connecting the bulb to the gage. The greater the heat, the
more vapor given off and the greater the pressure; thus the higher
temperature is indicated on the gage.

b. ELectric THERMO GAGE. The electric thermo gage functions on
much the same principle as the coil-type fuel gage described in para-
graph 140d. As in the fuel gage, the dash unit of the thermo gage con-
sists of 2 coils at right angles to each other with an armature at the
intersection of the coil axis. Connected to the armature is a pointer.
Essentially, the engine unit is a resistor whose resistance varies inversely
..with the temperature of the engine. When the engine temperature is
high, the resistance is low; when the temperature is low, the resistance
is high. On the low temperature side of the dash unit, the coil is con-
nected directly across the battery. Thus, there exists a constant magnetic
strength in that coil which attracts the ammature and pointer to the low
temperature side. However, the coil on the high temperature side is
connected in series with the resistance of the engine unit and across the
battery. Since the resistance varies with the temperature, the coil’s mag-
netic strength varies. More current flows when the resistance is low
(high engine temperature) and so a stronger magnetic field is created.
As the engine temperature increases, the greater magnetic strength of
the high temperature coil attracts the armature and pointer to a point
of balance between the two sides. The scale is calibrated to the pointer
movement.

144, Horns .

a. DEescripTioN. The most common type of horn is the vibrator type
in which the general principle of operation is the same as that of a
vibrating coil. A vibrating diaphragm is operated by the coil which also
operates the contacts that break the circuit. Magnetism from the coil
pulls the diaphragm toward it when the contacts are closed. The contacts
are then pulled open by the coil, reducing the magnetism and allowing
the diaphragm to return to its normal position. When the contacts are
closed again, a new surge of current induces magnetism in the coit and
starts a second movement of the diaphragm. This cycle is repeated
rapidly. The vibrations of the diaphragm within an air column produce
the note of the horn. Typical horn construction is shown in figure 179.
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b. ApyusTMENT. Tone and volume adjustments are made by loosening
the adjusting lock nut and turning the adjusting nut. This very sensitive
adjustment controls the current consumed by the horn. Increasing the
current increases the volume. However, too much current will make the
horn sputter and may lock the diaphragm.

¢. DuaL Horns. In dual horns, one horn with a low pitch is blended
with another horn with a high pitch. These horns, although operated
clectrically, produce a sound closely resembling that of an air horn.
The sound frequency of the low pitch horn is controlled by a long air
column and that of the high pitch horn by a short air column. The air
column is formed by the projector and by a spiral passage cast into the
base of the horn. Inasmuch as the total current required by a homn is
approximately 12 amperes, dual horns are operated by a relay switch
and controlled by the horn button. The relay, when adjusted properly,
should close at 4 volts; therefore, when the voltage available is less
than 4 volts, the horns will not operate.

145. Accessories

8. Accessories such as electric windshield wipers, heaters, and fans-
depend upon small electric motors for their operation. These motors use
about 45 watts. They should be connectéd to the ammeter so that any
battery discharge required to run them is registered on the ammeter.

b. The electric windshield wiper has suitable gearing placed on the
motor shaft to provide the reciprocating motion required to operate the
wipers. Heaters and fans have fan blades mounted on the motor shafts
to circulate air within the car. The heater fan forces air through a heat-
ing element, similar to a radiator, which on most heaters is heated by
the engine cooling water.
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CHAPTER 12
RADIO INTERFERENCE SUPPRESSION

Section I. INTERFERENCE

146. Automotive Radio

While the supply and maintenance of radio equipment is properly a
responsibility of the Signal Corps, its use by motor vehicle units for
coordinating convoy movements in isolated areas must often be consid-
ered. Transmitting and receiving equipment of this type depends upon
the electrical system of the vehicle in which it is installed for its source
of power.

a. INSTALLATION. Installation of these units varies in different types
and makes of equipment. In general, units of radio equipment should be
mounted on brackets, panels, or metal members that are securely attached
to the body or frame by welding or riveting. All paints, lacquers, or
primers should be removed from all mounting surfaces coming in direct
contact with the equipment and the surfaces tinned in order to insure
the best possible ground. The units should be located so that all switches
or controls are within easy access of the operator. All flexible control
cables should be free of sharp bends. So far as possible, installation
or removal of this type of equipment should be done by specialists of
the Signal Corps trained in this type of work.

b. Power REQUIREMENTS. Radio units require from 4 to 5 amperes
for receivers and 12 to 16 amperes for large units and transmitters. In
many instances, it will be found necessary to equip the vehicle with a
larger generator with a regulator device to supply the additional current.
All power leads from the vehicle electrical system should be of sufficient
size to meet the current requirements and should be equipped with fuzes
or other overload- protective devices. All leads should be as short as
possible. High voltage direct current is sometimes necessary, in which
case a motor generator is required.

147. Interference

Any spark created by the operation of electrical equipment, such as
spark plugs, circuit breakers, coils, generators, regulators, magnetos, or
distributor assemblies, by loose or dirty connections, or chafing of metal
to metal, may cause interference with radio reception of nearby radio
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Figure 180. Typical Battery Ignition System.

receivers. Since the units of the electrical equipment are connected by a
wire or a series of wires, as in an automotive ignition system, the wiring
acts as an antenna to transmit the interference created by the spark
into the air. The capacitive effect of the wires and the spark-producing
unit causes the radiated energy to affect a wide band of frequencies on
a radio receiver with pronounced effects on certain frequencies.

148. Ignition Noises

a. Cause. When distributor breaker points are opened and closed by
operation of engine, the ignition coil produces a high voltage current
which flows across the gap in the spark plug to cause ignition. The
sparks at the plugs and those at the breaker points cause violent surges
of current to flow in all wires of the circuit (fig. 180). Around each
wire, a magnetic field builds up and collapses with each make and break
of the circuit. The rapidity of these -changes in the magnetic field is
governed by the engine speed.

b. RecooNITION. The resultant noise in the receiver from breaker
points, distributors, or spark plugs is recognized by clicking sounds
which vary in rapidity and intensity with the speed of the engine.

149. Generator Noises

a. Causgs. With the generator in operation, there is some sparking
between the brushes and commutator segments. Generators in good
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mechanical condition may exhibit some sparking which usually is not
severe enough to cause radio interference. This type sparking is increased
by any of the following mechanical defects:

(1) Brushes do not fit commutator.

(2) Brushes worn more than one-half original length.

(3) Incorrect brush spring tension.

(4) Collection of oil or carbon particles around commutator.

(5) Commutator worn out-of-round.

(6) Generator loaded in excess of rated capacity.

(7) Commutator segments burned or grooved.

(8) High insulation between segments of commutator.

b. RecoGNITION. Sparking between the brushes and commutator seg-
ments, may cause interference in nearby radio sets. This type of inter-
ference can be recognized by a roaring or whining noise which varies
in pitch with the speed of the engine.

150. Body Noises

a. Causes. Body noises are produced by loose screws and bolts which
allow various parts of the body to chafe against each other. This chafing
produces static discharges which are a source of interference to radio
receivers. Static charges caused by friction, and induced charges from
wiring on the vehicles are collected by the vehicle body. These charges
are retained by poorly grounded sections of the body until they build up
to a sufficient value to jump to any well-grounded part of the vehicle.
Each discharge causes a spark of sufficient intensity to create inter-
ference in a radio receiver. This type of disturbance is intermittent,
varies in value, and can be detected by a frying or snapping sound.
These effects are produced only when the vehicle is in motion, or for a
very short period after the vehicle is stopped.

b. REcoGNITION. Looseness in the hood, brackets, and bolts can cause
considerable noise in a receiver. This type of disturbance can be detected
only when the vehicle is in motion, or by moving the loose parts. It can
be recognized by a scratching sound in a receiver.

Section Il. SUPPRESSION

151. Description of Suppression Methods

a. GENERAL. There are various methods used to suppress radio inter-
ference caused by a vehicle. They are as follows:

(1) Resistor-suppressors.

(2) Condensers.

(3) Filters.

(4) Bonding.

(5) Shielding.
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Application of one of the above methods is sufficient usually to ade-
quately suppress the interference from any one source. In some instances
it may be necessary to use a combination of the above methods to obtain
the desired amount of suppression.

b. RESISTOR-SUPPRESSORS. A resistor-suppressor consists of a short
carbon rod of high resistance, protected by a plastic cover. Resistor-
suppressors are connected in the high-tension wires at the spark plugs
and distributor to reduce the intensity of surges and thus eliminate
interference from these sources. The resistance of the suppressors is high
enough to control the surges but not high enough to effect the operation
of the engine in any way.

c. ConDENseRs. These are units of metal foils separated by paper

insulation and protected by a metal case. The case is filled with an im-
pregnating compound to keep the moisture out. A wire connected to one
side of the condenser is provided for connection to a circuit. The other
side of the condenser is connected internally to the case. Surges created
in the wiring by sparks at the generator brushes, regulator, and gage
contacts are not as strong as those produced by the high-tension ignition
circuit because the voltage is low, but they are strong enough to cause
interference in a radio set. Resistor-suppressors cannot be used in these
circuits because their resistance would reduce the low-voltage current
too much. However, condensers, because of their inherent capacity, may
be used to dissipate these surges. They are attached to the circuit as near
as possible to the point at which the spark occurs. The case of the con-
denser is mounted on the metal frame of the unit causing interference,
and the condenser wire is connected to the terminal. A condenser allows
the interfering voltage to pass freely to ground (frame and body of
vehicle), and at the same time prevents any loss of the useful direct
current. Thus the surges are conducted away from the wiring and cannot
cause interference. ,
" d. FILTERs. An assembly made of a closely wound coil of heavy wire
and one or more condensers mounted in a metal container is called a
filter (fig. 181). The condensers act in the same manner described
previously, and the coil of wire acts to block the interfering voltage
from getting further in the circuit. Filters are used in some generator,
regulator, and low-tension ignition circuits.

e. BonDpING. This term is applied to the method of electrically connect-
ing individual metal sections to each other and to the frame or hull of
the vehicle. Such bonding is necessary to provide an easy path for
grounding static charges. Bonding is accomplished by internal-external
toothed lock washers, and by bond straps. The better the connection
between metal parts, the greater is the effect in preventing interfering
waves from being thrown off to affect radio reception.

f. SHIELDING. This term is applied to-the method of covering all wir-
ing carrying interfering voltages or surges with a metal shield. Woven
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Figure 181. Typical Filters in Battery Ignition System.

metal conduit is used where flexibility is required, while solid conduit is
used elsewhere. Units causing interference, such as spark plugs, ignition
coil, distributor, and regulator, are inclosed in metal boxes. This shield-
ing does not reduce the intensity of the interfering surges, but prevents
their radiation. While such shielding is effective in preventing the radia-
tion of interfering waves, filters and condensers are necessary to elimi-
nate any interfering surges that would otherwise travel on the wires
and affect the radio set through the power supply. Such filters and
condensers are inclosed in metal shielding boxes provided with means
of attachment to the conduit and shielding containing the connecting
wires.

152. Typical Applications of Suppression Systems to Vehicles

a. TRANSPORT VEHICLES—ORDINARY SUPPRESSION SYSTEM. The sys-
tem found on most vehicles consists of the following items:

(1) Resistor-suppressors are used in each high-tension lead from
distributor to spark plugs. The suppressors are usually of a type that
will slip over the terminal of the plug. The lead is screwed directly into
the suppressor, thus locating the suppressor as close as possible to the
spark gap in the plug.

(2) A resistor-suppressor is used in the high-tension lead from dis-
tributor to coil. This suppressor is placed in the lead as close as possible
to the distributor. Usually it will be found about an inch or two away
from the distributor.

(3) A filter is placed in the lead from the ignition coil to the ignition
switch. This filter is mounted on the firewall where the lead goes through
to the switch. Thus, the exposed lead between the filter and firewall is
as short as possible. In later production vehicles, this filter is replaced
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by a condenser which is usually mounted on or near the coil, with its
lead connected to the switch side of the ignition coil primary circuit.

(4) Filters are used in regulator circuits. One is usually connected
between the battery terminal of the regulator and the ammeter, one is
connected in the generator armature lead, and one is sometimes con-
nected in the field lead between the generator and regulator. These
filters are mounted on the firewall in such a position that the exposed
leads leaving the filter are as short as possible. On certain vehicles,
condensers (usually 0.1 mfd capacity) may be found at these points,
mounted on the firewall, with the leads connected to the battery and
generator armature terminals. A 0.01 microfarad condenser is sometimes
applied with its lead connected to the field terminal of the regulator.

(5) A condenser is mounted on the generator with its lead connected
to the output terminal. Condensers are used on certain lighting circuits,
cither mounted on the firewall or close to any junction point. The lead is
connected to the circuit that may be carrying radio interference.

(6) Bonding straps will usually be found at the following places
(there may be others) :

(a@) From hood to firewall.

(b) From hood top panel to hood side panel.

(¢) From overhead valve covers to firewall.

(d) From engine block to frame.

(e) From fenders and fender skirt to frame.

(f) From radiator brush guard to frame.

(7) Bonding by means of internal-external toothed lock washers will
usually be found at the following places:

(@) Under head of side panel mounting screws.

(b) Hood hold-down locks or latches.

(¢) At gage sending unit.

(d) Under head of radiator grille mounting screws.

() Under head of fender mounting screws.

(f) Under head of any bolt or screw securing a separate section of
metal that will help to form a shield in the vicinity of the engine
compartment.

b. TRANSPORT VEHICLES—COMPLETELY SHIELDED SUPPRESSION Sys-
TEM. A few vehicles have a completely shielded system of suppressing,
and, in such cases, usually only one filter is used. It is mounted in a metal
box close to the regulator (it may be on the cab side of the firewall).
A condenser will be found mounted on the generator, in a round metal
shielding case. In most cases the only bond is between the engine and
the frame.

¢. TANKs AND ARMORED CARs. The resistor-suppressor system used
on tanks with in-line engines and most armored cars is basically the
same as that used on transport vehicles described in a above. Usually
there will be fewer bonds and toothed lock washers and more condensers.
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Less bonds and washers are needed because of the heavy, bolted, or
welded construction of the hull or body. Resistor-suppressors, filters and
condensers are used in the same circuits as in the transport vehicles.
More condensers will be used to bypass the interfering surges from such
accessories as auto-pulse fuel pump, electric gages, windshield wipers,
traversing motors, auxiliary generators, and similar items. The con-
densers are always mounted close to the device causing interference with
the lead connected to the “hot” side of the supply line. The complete
shielding system is used on most tanks having radial engines and on
some armored cars.

(1) In tanks, all wiring is inclosed in flexible metal conduit or solid
metal conduit. Very little bonding is necessary with this system. In
most cases only the engine is bonded to the support or hull. Control
devices consisting of metal rods or tubing extending from crew com-
partment to engine compartment may be bonded at the point they enter
the crew compartment.

(a) Usually one filter is used, inclosed in a shielding box. It is always
mounted close to the regulator and the battery.

(b) Condensers are used on the electrical devices in the turret. They
will be found at the brushes of the traversing motor, generator, and in
the circuits of the stabilizer control switch box.

(2) In those armored scout cars and gun motor carriages which have
the completely shielded system, all high tension, primary ignition, and
charging circuit wiring is shielded with flexible metal conduit which is
grounded every 2 feet with clips and internal-external toothed washers.
The distributor, ignition coil, and regulator are shielded.

(a) Filters may or may not be used. If one is used, it will be mounted
close to the regulator on the firewall.

(b) A condenser is mounted on the generator.

(¢) Usually the only bond is that from engine to frame. Both sides
of the engine are generally bonded.
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'PART FOUR
POWER TRAINS

e —

| CHAPTER 13
INTRODUCTION TO POWER TRAINS

153. Purpose

The purpose of the power train is to transmit the power of the engine
to the wheels and accessory equipment such as winches. In a simple
situation, a set of gears or a chain could perform this task, but automotive
vehicles are not usually designed for such simple operating conditions;
they are designed to have great pulling power, to move at high speeds,
to travel in reverse as well as forward, and to operate on rough ground
as well as on smooth roads. To meet these widely varying demands, a
number of units have been added. These include clutches, transmissions,
auxiliary transmissions, transfer cases, propeller shafts, universal joints,
final drives, differentials, live axles, devices for resisting drive torques
and thrust, and the bearings used therein.

154. Basic Power Trains—Wheel Vehicles

The common elements of the power transmission system assembled in
a standard type vehicle are shown in figure 182. Reading from the
engine to the wheels, the following are the main units of the power train.

a. CLutcH. By means of this device, the operator can disconnect the
engine from the remainder of the power train. This is essential for
starting the engine, for allowing the vehicle to stand motionless while
the engine is running, for gradual engagements of the engine to the
power train, and for allowing gear ratios to be changed to meet varying
road conditions.

b. TRANsSMISSION. An internal-external engine cannot develop appre-
ciable torque at low speeds, and it develops maximum torque only at one
speed. The crankshaft of an engine must always rotate in the same
direction. For these reasons, the transmission is included in automotive
vehicles. The transmission provides the mechanical advantage which
enables the engine to propel the vehicle under adverse conditions of load.
It also provides the driver with a selection of vehicle speeds while the
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engine is held at speeds within the effective torque range, and it allows
disengaging and reversing the flow of power from the engine to the
wheels.

c. TRANSFER AsseMBLY. This is an auxiliary gear train on all-wheel-
drive vehicles. It provides a means of lowering or displacing the power
train sufficiently to permit the forward propeller shaft to clear the
crankcase of the engine. It also permits the power to be divided and
transferred to both forward and rear propeller shafts, and to the
propeller shaft on amphibious vehicles. )

d. UNIVERSAL JoOINTs. It is necessary to provide flexibility in the
power train if springs are to be used on the vehicle. As load is increased
or decreased, and as the vehicle travels over uneven surfaces, the angle
between the engine crankshaft axis and a line to the axle will change.
This flexibility is provided by the use of universal joints which permit
transfer of torque at an angle.

e. SLIP JoINTs. As the load is changed, and as the vehicle travels over
uneven ground, the distance from unit to unit in the power train varies.
Slip joints provide for this variation.

f. ProPELLER SHAFT. This device carries the torque from one place
to another; from the transfer case to the differential, for example.

g. FINaL Drive. This device transmits the power flow from the pro-
peller shaft to the differential, and at the same time provides a further
gear reduction.

h. DIFFERENTIAL. When a vehicle is driven around a curve, the outer
wheels travel faster, as well as farther, than the inner wheels. The -
differential permits this difference in rotational speed of the axles.

155. Basic Power Trains—Tracklaying Vehicles

a. GENErAL. The power trains in tracklaying vehicles perform the
same function as in wheel vehicles. They are designed for operating
under more rugged conditions, however, and therefore are of more
sturdy construction and in general, provide for greater gear reduction.

b. DIFFERENCES DUE To STEERING ARRANGEMENTS. Full-track vehicles
are steered by varying the speed of one track in relation to the other,
and this leads to the most important differences between wheel and
tracklaying vehicles.

(1) In some full-track vehicles, clutches are used in the final drive
to each sprocket. By engaging and disengaging the clutches, the relative
speed of the tracks can be controlled by the driver. This system is satis-
factory for slow-speed vehicles.

(2) In modern high-speed vehicles, steering is accomplished by
means of a controlled differential. This differential employs a system
of planetary gear trains, allowing power to be applied to both tracks at
all times and still permitting the operator to regulate their relative
speeds. This is illustrated in figure 183.
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Figure 183a. Controlled Differential with Planetary Gear Trains.
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Figure 183b. Controlled Differential Cross Section.
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CHAPTER 14
CLUTCHES AND FLUID COUPLINGS

Section . CLUTCHES
156. Clutch Principles

a. Automotive clutches depend on friction for their operation whether
it be solid friction as in the conventional clutch, or fluid friction and
inertia as utilized in the fluid coupling. The fluid coupling serves the
same purpose as the conventional clutch, but the difference in the
principle of operation makes it necessary to discuss the two mechanisms
separately. Therefore, the first part of this chapter will be concerned
with conventional clutches, and flyid couplings will be discussed in the
last paragraph.

b. A clutch in an automotive vehicle provides a means of connecting -
and disconnecting the engine from the power transmission system. Since
the internal combustion engine does not develop a high starting torque,
it must be disconnected from the power train and allowed to operate
without load until it develops endugh torque to overcome the inertia of
the vehicle when starting from rest. The application of the engine power
to the load must be gradual to provide smooth engagement and to lessen
the shock on the driving parts. After engagement the clutch must
transmit all of the engine power to the transmissior. without slipping.
Further, it is desirable to disconnect the engine from the power train
during the time the gears in the transmission are being shifted from one
gear ratio to another.

¢. The transmission of power through the clutch is accomplished by
bringing one or more rotating driving members secured to the crankshaft
into gradual contact with one or more driven members secured to the
unit being driven. These members are either stationary, or rotating at
different speeds. Contact is established and maintained by strong spring
pressure controlled by the driver through the clutch pedal and suitable
linkage. As spring pressure increases, the friction increases; therefore,
when the pressure is light, the comparatively small amount of friction
between the members permits a great deal of slippage. As the spring
pressure increases, less slippage occurs until, when the full spring pres-
sure is applied, the speed of the driving and driven members is the same.
All slipping has stopped, and there is, in effect, a direct connection
between the driving and driven parts.
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157. Clutch Elements

The principal parts of a cluteh are: the driving members, attached to
the engine and turning with it; the driven members attached to the
transmission and turning with it; the operating members which include
the spring or springs and the linkage required to apply and release the
pressure which holds the driving and driven members in contact” with
each other (fig. 184).

a. Driving MEMBERS. The driving members of a clutch usually con-
sist of two cast-iron plates or flat surfaces machined and ground to 2
smooth finish. Cast iron is desirable because it coptains enough graph-
ite to provide some lubrication when the driving member is slipping
during engagement. One of these surfaces is usually the rear face of
the engine flywheel, and the other is a comparatively heavy flat ring
with one side machined and surfaced. This part is known as the pres-
sure plate. It is fitted into a steel cover, which also contains some of the
operating members, and is bolted to the flywheel.

b. DRIVEN MEMBERS.’ .

(1) The driven member is a disk with a splined hub which is free
to slide lengthwise along the splines of the clutch shaft, but which
drives the shaft through these same splines. (The driven member is
sometimes referred to as the clutch plate, but in this text the word
“disk” will be used to denote the driven member and thus differenti-
ate between this part and the clutch pressure plate.) The clutch disk
is usually made of spring steel in the shape of a single flat disk of a
number of flat segments. Suitable frictional facings are attached to
each side of the disk by means of copper rivets. These facings must
be heat resistant since friction produces heat. The most commonly used
facings are made of cotton and asbestos fibers woven or molded to-
gether and impregnated with resins or similar binding agents. Very

PLATE . RA PD 324417

Figure 184. Helical Pressure Spring Disk Type Clutch.
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often copper wires are woven or pressed into the material to give it
additional strength. .

(2) In order to make clutch engagement as smooth as possible and
climinate “chatter”, several methods have been used to give a little
flexibility to the driven disk. One type of disk is “dished”, so that the
inner and outer edges of the friction facing make contact with the
driving members first, and the rest of the facing makes contact gradu-
ally as the spring pressure increases and the disk is flattened out. In
another type the steel segments attached to the splined hub are slightly
twisted which also causes the facings to make gradual contact as the
disk flattens out.

(3) The driven members in many clutches are provided with flex-
ible centers (fig. 185) to absorb the torsional vibration of the crank-
shaft which would be transmitted to the power train unless it were
eliminated. These flexible centers usually take the form of steel com-
pression springs placed between the hub and the steel disk. The springs
permit the disk to rotate slightly with relation to its hub until, under
extreme conditions, the springs are fully compressed and relative
motion stops. Then the disk can rotate slightly backward as the springs
decompress. This slight backward and forward rotation permitted by
the springs allows the clutch shaft to rotate at a more uniform rate than
the crankshaft, thereby eliminating some of the torsional vibration from
the crankshaft and preventing the vibration from being carried back
through the transmission.

PD 307237

Figure 185. Clutch Driven Plate with Flexible Center.
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¢. OPERATING MEMBERs. As previously stated, the driving and driven
members are held in contact by spring pressure, This pressure may be
exerted by a single large coil spring as shown in figure 186, a number
of small helical springs located circumferentially around the outer por-
tion of the pressure plate (fig. 184), or a one-piece conical or dia-
phragm spring as shown in figure 187. In the helical-spring clutches,
a system of levers pivoted on the cover forces the pressure plate away
from the driven disk and against the pressure of the springs whenever
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Figure 186a. Single Large Coil Pressure Spring Type Clutch.
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Figure 186b. Single Large Coil Pressure Spring Type Clutch.
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Figure 187a. Diaphragm Spring Type Clutch Operation.
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Figure 187b. Diaphragm Spring Type Clutch Disassembled.

256



the clutch release bearing moves forward against the inner ends of the
levers. In single-spring clutches, the large coil spring holds the plates
in contact. In diaphragm clutches, the dish-shaped diaphragm performs
the same function. The clutch release (or throwout) bearing is a ball-
thrust bearing contained in the clutch release bearing housing or collar
mounted on a sleeve attached to the front of the transmission case. The
release bearing is connected through linkage to the clutch, and is moved
by the release yoke to engage the release levers and move the pressure
plate to the rear, thus separating the clutch driving members from the
driven member when the clutch pedal is depressed by the driver.

158. Clutch Operation

a. The operation of the clutch, shown in figure 188, is as follows:
when the clutch is fully engaged, the driven disk is firmly clamped be-
tween the flywheel and the pressure plate by the pressure of the springs.
When the driver disengages the clutch by depressing the pedal, the
release yoke is moved on its pivot, and pressure is applied to the.release
collar containing the release bearing. The rotating race of the release
bearing presses against the clutch release levers and moves them on
their pivots.® The outer ends of the release levers, being fastened to
the cover move the pressure plate to the rear, compressing the clutch
springs and allowing the driving members to rotate independently of the
driven member. The release yoke moves only on its pivot which is
fastened to the flywheel housing by means of a bracket or a transverse
shaft. All parts of the clutch except the release bearing and collar rotate
with the flywheel when the clutch is engaged. When the clutch is dis-
engaged, the release bearing rotates with the flywheel, but the driven
disk and the clutch shaft come to rest.

b. In some clutches a diaphragm is used instead of coil springs. It isa
conical piece of spring steel punched as shown in figure 187 to give it
greater flexibility. The diaphragm is positioned between the cover and
the pressure plate so that the diaphragm spring is nearly flat when the
clutch is in the engaged position. The action of this type of spring is
similar to that of the bottom of an ordinary oil can. The pressure of the
outer rim of the spring on the pressure plate increases until it reaches
the flat position and decreases as this position is passed. The outer rim
of the diaphragm is secured to the pressure plate and is pivoted on rings
approximately one inch in from the outer edge so that the application of
pressure at the inner section will cause the outer rim to move away from
the flywheel and draw the pressure plate away from the clutch disk, thus
releasing or disengaging the clutch. When the pressure is released from
the inner section, the oil-can action of the diaphragm causes the inner
section to move out, and the movement of the outer rim forces the
pressure plate against the clutch disk thus engaging the clutch,
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159. Types of Clutches

a. Automotive clutches may be classified according to the number of
plates or disks used. The single plate clutch contains one driven disk
operating between the flywheel and the pressure plate (fig. 188). The
flywheel is not considered to be a plate even though it acts as one of
the driving surfaces. A double plate clutch is substantially the same ex-
cept that another driven disk and an intermediate driving pl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>