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THE FORD MOTOR CAR

CHAPTER T
THE FORD POWER PLANT

When liquid gnsolmo is turned to a vapor or gas

and mixed with air the mixture burns very easily, If
this gasoline and air vapor is compressed into a small
it will ignite and burn so rap; that the action
is like an explosion. While burning, this mixture
inereases in volume and the resulting pressure is made
to do the work of driving the car.
In order to use the foree of this explosive burning
he mixture of gasoline vapor and air is placed in
the eylinder of an engine. The upper end of this eyl-
inder is closed and the lower end is open as shown
in Fignre 1. In the lower end is a piston which makes
a gas tight fit in the eylinder, yet slides freely from
end to end. The burning mixture drives the piston
down toward the open end of the eylinder and this
motion of the piston turns a shaft from which is
seeured power to turn the wheels,

Attached to the engine is a device called a carburetor
which turns the liquid gasoline into a vapor and
mixes this vapor with the proper amount of air to
make a combustible mixture.

. To set fire to the gas an electric spark is eaused to
p between two metal points inside of the engine
nder, and in jumping through thé misture this
i«sml‘ k ignites the gas.

With the engine running, the great heat of the
burning gas would be sufficient to destroy the lubri-
7
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Figure 1.—Relation of Plstons and Crankshaft in the Ford Engine,
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cating oil which is necessary to insure smooth running
of the mechanism. To preserve the oil against such
destruction, the eylinder is surrounded with water
and by means of this water excess heat is carried
away and dissipated into the ontside air.

The Ford ear may be divided, for eonvenience of
explanation, into five parts. With one of these parts,
the body, we are not concerned to such a great extent
as with the remaining four which, taken together, are
called the chassis,

The chassis is compoded of the power plant, the
Avive system, the running gear and the control. The
power plant ineludes the engine and all the parts that
make or help to make power. It is that part of the
car located ahead of the dash and underneath the
engine hood. The drive system includes all of the
parts that receive power and deliver it to the driving
wheels. These parts extend from the rear end of the
power plant back to the wheels and underncath the
body. The running gear includes all of the parts
that suppert and carry the first two divisions of the
chassis as well as the car body. The control includes

all of the parts that allow the driver to make the ear
start or stop, to turn around or go faster or slower.
Each of these principal units is made up of smaller
parts whose disposition in the chassis is shown in
Figure 2.

THE ENGINE

The mixture of gasoline and air furnished by the
earburetor passes into the space left between the top
of the piston and the closed end, or head, of the eylin-
der. The spark then sets fire to the gas and expansion
takes place with the burning. This expansion pushes



Flgure 2.—Tha Complote Ford Chassis.
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the piston toward the lower end of the cylinder, and
if there were no parts to prevent it, the piston would
be foreed completely out of the open end.

To prevent the piston from leaving the cylinder a
steel pin is passed through the piston walls from one
side to the other. A long straight rod with a bearing
at each of its ends is attached to the steel pin at the
top and to a erank below. When the piston moves
away from the closed end of the cylinder it pushes on

Figure $.—The Piston and Connectis

the rod and the crank is turned. The crank is at-

. tached to a shaft and the up and down motion of the

piston is changed to a rotary motion of the shaft.
This long conneeting rod and the piston are shown
in Figure 3.

Flywheel—The eylinder is closed at the upper end
only and the piston receives power from the burning
gas only on tew. Therefore, a gasoline engine delivers
power only while the piston is traveling down toward
the open end of the eylinder.

In order to foree the piston back into the cylinder
8o that another power stroke may be secured a heavy
wheel is fastened to the rear end of the crankshaft.
This wheel is ealled the flywheel. When the piston
causes the erankshaft to turn, the flywheel is revolved.
Much force of the burning gas goes into the work of
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turning the flywheel, but when the piston eomes *a
the end of its stroke, the flywheel is heavy enough and
has momentum enough to keep on turping, and after
the burned gas has been allowed to escape from the
eylinder the fiywheel turns the erankshaft and forces
the piston up and back into the eylinder. Without a
flywheel the engine wonld come to a stop as soon as the
piston was as far down in the cylinder as it eould go.

‘When the piston is pushed back into the eylinder it
does not go all the way to the closed end or head, but
leaves a little space above the top of the piston. This
space holds the eompressed mixture of gasoline and
arr and is ealled the combustion space.

Piston Rings—After a gasoline engine had been
run for some time the piston and eylinder would wear
so that they would no longer make a gas tight The
gas would then escape betseen the piston and eylinder
walls and the engine would no longer give its full
power.

Ta prevent such leakage three grooves ave cut around
the outside of the piston walls and in each groove is
placed a cast iron ring that fits snugly at all points.
This ring is cut through on one side so that it will open
enough to slip over the piston and drop into the groove,
After the ring is in the groove it tends to spread or
expand and when the piston with the rings in place
is inserted into the eylinder the rings press out against
the walls of the eylinder and make a gas tight fit.

There is one ring in each of three grooves or slots
80 that any ges escaping past the first ring will be
stopped by others, The total escape of gas will there-
fore be so slow that the piston has time to make the
full stroke without great loss.

Although one end of the cylinder is elosed it is
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necessary to provide some way for the mixture of
fresh gas to get into the combustion space in this
closed end, also for the burned gas to get out and
make room for fresh gas. The gases pass into and
out of the eylinder throngh valves.

At one side of the combustion space in the eylinder
are two round holes. These holes are eovered by east
ivon disks and to each disk is fastened one end of a
steel rod with the end of the rod in the exact eenter
of the disk.

This form of valve is placed in the combustion
space with the rod sticking down through the opening
o that with the lower end of the rod pulled down the
disk is held tightly over the hole and makes the com-
bustion space gas tight. When gas is to pass into or
out of the eylinder, the lower end of the rod is pushed
up, thus forcing the disk away from the hole and
apening the valve. One valve opens to let fresh gas
into the eylinder and is called the inlet valve; the
other lets burned out and is ealled the exhanst
valve.

Stroke and Revolution.
from either end of the ¢
has made one stroke; that

When the piston moves
inder to the other end it
to say, from the top of the
eylinder to the bottom is ane stroke and from the
bottom back to the top is another stroke,

The erankshaft and flywheel make one complete
furn or revolution for two strokes of the piston. The
piston makes one down-stroke and one up-stroke while
the flysheel turns aronnd omee.

THE POWER E

Inlet Stroke—When the engine is to be started it is
first necessary to fill the combustion space with fresh

NTS OF AN ENGINE
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gus. This is done by turning the erankshaft until the
piston is as near the eylinder head as it will go, at
which time the inlet valve opens. By turning the
erankshaft still farther the piston is drawn back
toward the lower end of the eylinder.

The hole which was closed by the inlet valve con-
neets with a pipe that leads to the carburetor, and
as the piston moves toward the lower end of the cylin.
der, it draws in a charge of fresh gas. The stroke that
fills the cylinder with fresh gas is called the inlet
stroke and is shown at the left of Figure 4.

Compression Stroke.—At the end of the inlet stroke,
when the eylinder has received all the gas that it will
hold, the inlet valve closes. At this time the exhaust
valve is also tightly closed. The crankshaft continues
to turn until the piston is for the second time forced
back as near the cylinder head as it will go.

Since both valves are closed, the eylinder full of
fresh gas is now compressed into the combustion space.
When the gas is compressed it becomes highly inflam-
mable and burns with generation of great pressure,

When the piston has been forced as near the eylinder
head as it will go, a spark sets fire to the gas, The
position of the piston in the cylinder when the gas is
fired is ealled the firing point and the stroke that
compressed the gas is ealled the compression stroke.

Power Stroke—The gas now burns so fast that it
is like an explosion aud the resulting pressure drives
the piston back toward the open end of the eylinder.
The piston pushes on the connecting rod, the connect-
ing rod turns the crankshaft and the erankshaft turns
the flywheel. This stroke is called the power stroke.

During the inlet and compression strokes the era
shaft was turned by hand or by the starter to bring

-
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the engine to the first power stroke. By tnrnin;,-‘ the
crankshaft the engine is made to go through the inlet
and eompression strakes and come to the fiving point.
As soon 8s the compressed gas begins to burn the
piston makes the crankshaft turn faster than thl:l(lpcl'-
ator or starter can turn it and a rachet antomatieally
releases the erankshaft. The momentum of the fly-
wheel then keeps the engine running steadily until it
es another power stroke.

3

Figure 4.—Piston and Cam Ppsition at Teginning of Strokes

Exhaust Stroke—At the end of the power stroke,
when the piston has moved as far as the conneeting
rod and crankshaft will let it go, no more work can
be seenred from the espanding gas, so the next thing
to do is to get rid of the old gas and allow another
charge of fresh mixture to be drawn into the eylinder.
In order to get rid of the burned gas the !:xi:aust
valve upens, and as the piston is forced back into the
eylinder by the flywheel, it pushes the old gas ahead
of it and out through the valve opening.
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This stroke of the engine is called the exhaust stroke
and it ends when the piston is as near the eylinder
head as it will go. The piston is then in a position to
start another inlet stroke and the engine repeats the
same series of operations as long as it continues to run.

There are four strokes, the inlet, the compression,
the power and the exhaust, and these strokes are then
repeated over and over again in the same regular
order,

VALVES

The type of valve used in the Ford engine is called
a poppett valve and in the form adepted the edge of
the valve and that part of the cylinder into which it
fits are tapered so that as the valve closes it drops
easily into place, The rod to which the valve head is
attached is called the valve stem and the stem moves
through a guide which brings the head onto its seat
s0 that a good fit is insured.

In order that the valve may be easily mounted, the
eylinders are made with extensions or pockets at one
side of the combustion space. These pockets are just
large enough to take the valve head and allow it to
move.

The valves must open and close at exactly the right
time during the movement of the piston and the rota-
tion of the erankshaft. The poppett form of valve is
opened by means of a cam which is a small piece of
steel that is higher on one side than on the other, One
eam for each of the valves is fastened to a shaft so that
all the cams may be turned while the lower end of
the valve stems rest on the cams, As the cam turns
the stem of the valve is raised whenever the high
side of the eam comes around. As the high side of
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the cam passes away from underneath the valve stem
the valve is pulled closed by a spring.

The shaft that carries the cams i#revolved by
means of a pair of gears, one of which is fastened to
the camshaft and the other to the erankshaft of the
engine.  The camshaft, is_mounted directly under-
neath the valve stems. ~All of the parts are shown in
Figure 5.

Valve Action—There ave two strokes during each
full turn of the flywheel and in any one cylinder
there must be a total of four strokes for each power
impulse. There must be an exhaust stroke, an inlet
stroke, a compression stroke and finally a power stroke.

The exhaust valve must open during the exhaust
stroke and the inlet valve must open during the inlet
stroke. After one exhaust stroke or one inlet stroke
the flywheel must make two complete revolutions be-
fore another exhaust stroke or another inlet stroke
takes place in the eylinder being eonsidered.

That means that the camshaft must turn at a rate
such that the exhaust cam will raise the exhaust valve
and the inlet cam raise the inlet valve every second
turn of the erankshaft.

In order to do this the camshaft must turn just half
as fast as the crankshaft so that the crankshaft may
complete two full turns while the camshaft turns once.
This will bring the high side of a cam under its valve
every seeond time that the erankshaft and flywheel
turn completely around. To provide this ratio the
grear on the camshaft is made just twice as large and
has just twice the number of teeth that the erankshaft
gear has.

The parts that open the valves are the timing gears,
the camshaft and the eams. The valves are closed by
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Figure 5.—Valve Operating Parts of the Ford Engine.
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coiled springs having one end of the spring attached
to the lower end of the valve stem and the other pressed
against the cylinder.

1f a cam pushed directly on the bottom of the stem
to open a valve it would of course push sidewise as
well as up. This side thrust would tend to bend the
stem, and, even if the stem did not bend, % great deal
of friction and wear wonld be caused. To get away
from this wear and side thrust, the lower end of the
valve stem does not rest directly on the cam but is
operated through push rods or valve lifters.

a%%

Figure §.—Valve and Valve Push Rod.

A push rod is a piece of steel about four inches long
set into a guide so that it can slide up and down. The
end of the valve stem rests on the upper end of the
push rod so that when the cam raises the rod, the rod
in turn raises the valve. These parts are shown in
Figure 6.

The Four-Cylinder Engine.—It will be noted that
in the engine as deseribed up to this point we have
but one power stroke for twa revolutions of the erank-
shaft and that the remaining three strokes consume
power, It will readily be seen that a considerable
space of time would clapse in a single-cylinder engine
between suceessive power strokes and unless a very
heavy flywheel were used, the engine would not run
smoothly and would have to be of great size to develop
sufficient power for the work of driving a car.



20 FORD MOTOR CAR

Tlmx(' difficulties are overcome by providing four
eylinders which operate on one erankshaft and with
ane Vﬂywlm-l‘ Thr‘puwcr strokes ocenr at such times
during the revolution of the crankshatt that ene or
ehelnmm' of the four eylinders is deli ering power
during cach half revolution of the shaft.

In a four-cylinder engine of the four-cyele type the
eranks are set on the erankshaft so that two pistons

A 2nd 4o
Revoluficn | Revelulion

|
ik | Intet

| Fower

s Gompresian H Power [ Echaust [} 1utet

" Peuhavst [} tntet ?-..«...z..FL Peweer

(T - ‘Tm-...n

Figure T.—Tho Relation of the Strokes i the Cylinders,

are up while the other two are down, and while the
first two are tra ¢ down the other two travel up.
L, istons s i i
strake while the ofber 1 on i power sttoke, - Df the
two pistons that are traveling up, one is making a
compression stroke and the other an exhaust stroke
The strokes in each of the four eyl ;
shown in the aceompan, . It will
be seen that during the first half revolution of the
erankshaft eylinder number one, which is toward the
front of the car, is making a power stroke, eylinder
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number two is on compression, number three on ex-
haust, and number four on the inlet stroke. During
the second half revolution, cylinder number two is
iz while the remaining eylinders are making the
other three strokes. On the third half revelution cyl-
inder number four fires and on the fourth half revo-
Jution eylinder number three fires and the engine is
then ready to repeat the eycle in each of ghe four cyl-
inders, It will be seen that the eylinders fire in the
order of number one, then number two, then number
four, and then number three. This order, 1-2-4-3, is
called the firing order of the engine.

coweasssion OO AwEA Lowenr |

1 F) 3 4
Figure 8—Ordér of Strokes In the Four Cylinders
In Figure 8 the complete cireles represent the
eyele of strokes in the four eylinders, the shadings
indieating the different strokes. The action is the
sgme as in the preceding illustration,

The Muffier—At the end of the power stroke and
when the exhaust valve opens, the pressure of the burn-
ing gas in the ¢y er may be as high as eighty to
ninety pounds to the square inch, and this pressure
when suddenly released by the opening of the valve
makes a loud report which would be very objectionable
if allowed to eseape divectly into the air. In order to
prevent noise the gas is allowed to expand before it

B
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finally passes away from the power plant. This expan-
sion takes place in the mufiler, which is composed of
a series of passages, as shown in Figure 9,

The burning gas passes from the several cylinders
into a pipe called the exhaust manifold, and from this
pipe to another one which leads back to the mufiler
proper. As the gas travels through these pipes it eools
und expands so that when it finally issues from the
muffler it does so in a steady stream at low pressure
and with very little noise.

FORD ENGINE CONSTRUCTION

An examination of the construetion of the Ford pow-
er plant shows some interesting features. Among the
most noticeable of these is the fact that all four eyl-
inders are made in one piece for the sake of rigidity
and prevention of misalignment in reassem

The ¢ylinder Leads are formed of a sep:
ing, and this casting is bolted to the top of
proper. Removal of this head exposes the
of the eylinders, the tops of the pistons and all of the
valves, as well as the passages for the cooling water,

The lower part of the engine is enclosed by a sheet
metal pan, or case, which extends from the starting
erank back underneath the engine, transmission and
elntch as far as the universal joint. There are large
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openings through this pan at a point. um]erno:ath the
evlinders, and by removing the cover plate which nor-
wmally eloses the opening, the crankshaft and the bear-
ings at the lower end of the connecting rods are
exposed.

The Ford power plant is secured to the ear frame at
three points. Twao of these points are at opposite sides
of the engine and the third one is at the forward end

Figure 10.—Threa Point Engine Mounting.

of the crankshaft. This front support is in the form
of a bearing so that any twisting of the frame serves
only to move the bearing and does not al'f('.f‘t the en-
gine or power plant. This prineiple of flexible three-
point support is shown in Figure 10
CARBURETOR AND FUEL SYSTEM

The carburetor is a device by means of which liquid
asoline is turned into a vapor and this vapor mixed
with a definite quantity of air. The type of instru-
wment being used on the Ford ears is illustrated in
Figure 11,and the following deseription will explain
its workings.
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Liquid gasoline flows from the tank throngh the feed
pipe and enters the carburetor through the float valve,
The float valve is carried at one end of an arm and
on the other end of this arm is a cireular piece of cork
which has been shellaced so that it is impervious to gas-

Flgure 11.—The Ford Carburetor,

oline. Between the float and the valve is a pin upon
which the arm hinges, The tank construetion is
shown in Figure 12,

‘When the fuel chamber of the carburetor is empty
the float will fall and the float valve will be raised.
‘With the valve thus opened the liquid gasoline flows
into the float chamber until it reaches such a height
that the float is raised and the valve lowered to a
point so that it closes and shuts off the admission of
fuel.

¥ 5

Pure air enters the carburetor and passes throngh
a U.shaped tube, then past the throttle valve into the
mtake manifold and thence through the intake valves
to the eylinders.

Flgure 12.—Fuel Tank and Sedissent Trap.

Whenever a piston is ready to start down on the in-
let stroke the corresponding inlet valve opens. The
passage leading from the inlet valve communicates
with the intake manifold and through the manifold
with the earburetor. The suetion ereated in the eyl-
inder by the piston moving down from the eylinder
head draws air through the carburetor.
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The lowest point in the U-shaped passage is smaller
in area than the other parts of the inlet openings and
air passing this point is therefore traveling at a com-
paratively high rate of speed. At this lowest point
is an opening from the fuel echamber into the air pas-
sage and the size of this opening is regulated by a
needle valve. This opening is called the nozile,

After the air has passed the nozzle the proportion of
gasoline vapor to air has been determined, but the
quantity of mixture passing to the eylinders may he
varied by moving the throttle valve. This throttle
valve is placed between the earburetor and the inlet
Ilmmfu]d and is controlled by a lever undernecath the

At tha opening of the earburctor, through which
fresh air enters, is a sccond valve, and to this valve is
attached a rod, or wire, extending to the eowl or ont.
in front of the radiator, so that while the engine is
being cranked this valve may be partially or wholly
closed. With this valve closed only a comparativ
small amount of air can enter the carburctor and the
suetion is, therefore, greater. This suction draws a
large amount of gasoline throngh the mwle upnnlrw,
and the excess of fuel makes engine-startin

In Figure 13 is shown the Kingston |-4|rhnn=|nr
used on older models of Ford cars. The operating
principle of this instrument is similar to that of the
ene just deseribed. The additional incoming air is
regulated by a ball valve, Other features of con-
struetion are plainly shown in-the illustration,

Carburetor Adjustment.—There is but one adjust-
ment provided for a Ford earburetor, this being the
amount of liquid fuel as controlled by the needle
valve. The needle valve may be turned one way or
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the other by means of a handle or Jnob on the dash-
Trazed of the ear, and just at the right of the coil box.
The appearance of one type of adjustment is shown in
Figure 14
Tureing this dash adjustment to the right or in a
dlockwise direetion closes the needle valve of the ear-
bulcwr, and turning the dash adjustment to the left

Figure 15 —Second Type of Ford Carburétor.

opens the ncedle valve, This adjustment may be
ehanged while the car is running on the road, and it
will be found best to make a mark at some point on
the adjustment to indicate the position at which the
engine runs best. In cold weather it will probably
be necessary to turn the adjustment about one-quarter
turn to the left, which will furnish more gasoline. In
warm weather the gasoline vaporizes with greater ease,
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and it is an cconomy to reduce the quantity of liquid
fuel by turning the adjustment to the right a,s‘far as
possible without reducing the speed of tne engine for
a given throttle opening.

An excess of gasoline in proportion to lhc_nmngnt
of air in the mixture gives what is called a rieh mix-
ture. Too little gasoline gives a lean mixture. Tuo
rich a mixture will eover the interior of the engine

A
(Normal)
c
ﬂﬂsdo (Lean)

Flgure 14.—Dash Adjustment for Carburetor.

and the tops of the valves with soot or earbon, and will
also cause over-heating. A rich nre may cause
misfiring at low speeds, and yet the m hine may run
perfectly at high speed. It is, therefore, bel_ter' to
keep the mixture as lean as possible without saerificing
the power of the engine. i

A lean mixture burns slowly and for this reason
such a mixture may eontinue to burn all through the
exhaust stroke, and until the inlet valve again opens.
Under snch conditions the fresh gas in the inlet mani-
fold will be ignited by the burning, as in the eylinder,
g in what is ealled a backfire into the carbe
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retor. This is dangerous and may easily result in a
five, should there be much grease or oil around the ear-
buretor.

Carburetor adjustment is rendered easier and free
from the necessity of frequent change if a hot air
tube is used which takes air from around the exhaust
pipe and leads it to the carburetor. The heated air
helps to vaporize the liquid fuel and this pipe should
be used during eold weather. It is permissible and
sometimes an advantage to remove the hot air pipe
during warm weather.

1t is noticed by experienced drivers that an engine
will almost invariably operate better after sundown
or on a foggy, moist day. This condition is due to
the slight amount of moisture in the air which is intro-
duced with the mixture, )

Many attempts have been recently made to reproduee
these favorable conditions by the introduction of wa-
ter vapor into the fuel system at some point between
the carburetor and the engine.

The fuel supply for the Ford ear is earried in a tank
of ten gallons capacity, located under the front seat,
and mounted on the frame of the car. From the tank
the fuel passes through a stop cock, which may be
elased to prevent any possibility of leaking when the
ear is to be unused for some time. Below the stop
«zock is a sediment bulb, and on the bottom of this bulb
is a drain cock. The purpose of this bulb s to prevent
the passage of water, or any solid impurities, from
the tank to the carburetor. Water, as well as other
impurities, is heavier than gasoline and will, there-
fore, sink to the bottom of the bulb and remain there,
The drain cock should be opened at intervals of about
one week and any dirt or moisture allowed to flow
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away. A sereen is placed at the opening from the sedi-
ment bulb to the fuel pipe and in case of a more or
less complete stoppage of the fuel supply this screen
should be examined and eleaned.

The fael tank is of cylindrical section and it will,
therefore, be found that the depth of gasoline, as meas-
ured on a stick, may be somewhat confusing. The tank
is ten and one-quarter inches deep, and while the fuel
level shaws a little move than one-fourth of this dis-
tance on & depth gage, the tank is only one-fifth full.
The following table will be found convenient if marked
off on a piece of wood to be used for measuring the
quantity of fuel in the tank:

1 gallon

2 gallons
3 1/2 inches corresponds to 3 gallons
411/32 inches eorresponds to 4 gallons
5 1/8 inches corresponds to 5 gallons
5 29/32 inches corresponds to 6 gallons
6 3/4 inches corresponds to 7 gallons
T11/16 inches corresponds to 8 gallons
823/32 inches corresponds to 9 gallons

10 1/4 inches corresponds to 10 gallons

THE FORD IGNITION SYSTEM

The Ford ignition system is entirely different from

generates the electric current ; the

the magneto whic

induetion eoil which changes the voltage or pressure

of this ewrrent to one of sufficient intensity to j
li

the gap in the
s the time at which the spark oecurs; the spark
plugs which carry the points between which the spark

v
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passes, and the wiring system which carries the cur-
rent between the different parts.

The Ford Magneto—The Ford magneto is a gen-
erator which produces an alternating flow of electrie
currcnt. This means that the current passes through
the wires first in one dircetion and then the other.
These changes of direction ocenr with great ra}mh(\ X

ich corresponds
to pounds to the square inch in measuring water power
is called voltage, and a current has strength to pass
through an air gap in proportion to the voltage of the
current.

The eurrent made by the Ford magneto is of com-
paratively low pressure, ranging between cight and
sixteen volts under ordinary eonditions. This voltage
wonld not be sufficient to jump between the points of
the spark plug and it is therefore necessary to pass the
magneto eurrent through coils which raise the voltage
any hundred times so that a good spark is provided
for getting fire to the mixture. These eoils are carried
on the dash.

The Ford magneto consists essentially of but the
twa parts shown in Figure One of these parts is
aset of sixteen V-shaped permanent magnets inounted
an the flywheel of the engine and the other part con-
sists of a set of sixteen electromagnets which remain
stationary and in such a position that the flywheel
Tagnets pass very close to the electromagnets while
the engine is running.

An eleetromagnet is made up of a picee of soft iron
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around which is wound a wire or ribbon of some good
electrical conductor such as copper. This wire or rib-
bon is insulated with a substance which resists the
passage of elect) v 5o that the flow of eurrent will
be around tln zron. but not through it. Wheneven

Figure 15— Permanent and Electromagaets in Magneto.

an electromagnet is moved so that it comes elose to and
then recedes from a permanent magnet or other source
of magnetism a flow of current is induced through
the eonduetor which is wound around the iron or core
of the electromagnet. The same result is obtained by
moving & permanent magnet so that it alternately
comes close to and then moves away from an electro-
magnet.
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The Ford magneto is so constructed that the ends of

the permanent magnets, from which the flow of mag-
netism is strongest, are caused to pass directly across
the ends of the stationary magunets so that in one posi-
tion of the flywheel the ends of the permanent mag-
nets are direetly in front of the ends of the electro-
magnets. When the fiywheel revolves the permanent
magnets pass from in front of the electromagnets
to a point midway between them. Then, with con-
tinued rotation the magnets are again brought into
ect line,
This action eontinues as long as the engine runs
and the mavement of the two sets of magnets in rela-
tion to each other produces a flow of alternating cur-
rent in the conduetor which is wound in one continuons
length around all of the sixteen electromagnets.

One end of the winding of the electromagnets is
attached to the metal of the engine while the other
end leads to a terminal or binding post which appears
on top of the flywheel housing and directly back of the
fourth eylinder of the engine. Should a metallic con-
nection be made between this magneto terminal and
the metal of the engine it would provide a eivenit or
complete electrical path so that a flow of eurrent would
take place around all the clectromagnets of the mag-
neto, then through the terminal and the metallic path
to the metal of the engine. The eurrent would then
pass through the engine to the point at which the
eleetromagnet winding is attached to the engine. In
the complete ignition system it is necessary to lead
this current through a different path so that an igni-
tion spark may be produced in the eylinders.

The Ignitign Coil.—In order to seeure a enrrent of
high voltage, called a high-tension eurrent, when we
have one of low voltage to start with, the low voltage
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is led through a device ealled an induetion coil or a
transformer coil. Such a coil consists of a center made
of soft iron and around this eenter is wound a guan-
tity of comparatively large insulated wire. It is
throngh this winding, ealled the primary wding,
that the magneto current is allowed to flow. The eom-
plete ignition cireuit may be traced in Figure 16,

Around the outside of the primary winding is a see-
ond coil composed of many thousands of turns of
exceedingly fine wire. When a current of eleetrieity
flows throngh the primary winding and then stops
flowing or when a eurrent flows in one direction and
then changes to another direction the soft iron core
of the coil becomes a magunet. Any change in the
strength of the core of a magnet induces a flow of eur-
rent in the fine wire winding which called the
secon winding. The eurrent indueed in the see-
ondary winding is as many times stronger than that
flowing in the primary as the number of turns of wire
in the secondary is greater than the number of turns
in the prima In the ease of a coil, such as used
for motor car ignition, the change in voltage is very
great, so that the current taken from the secondary
winding has sufficient pressure or voltage to jump
across the gap at the spark plug. This sparking ear-
rent has a pressure of many thonsands of volts but is
of very low amperage or volume.

Vibrator—The construetion of a transformer eail
s shown in Figure 17. It will be reealled that eurrent
i# indueed in the secondary winding only upon a
change of the magnetism of the core. It is for the
purpose of producing the change of ism that
the vibrator is employed, and the change in this case
means that the core is first strongly magnetized by an
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unrestricted flow of magneto current around the p
mary winding and this magnetism is then destroyed
by a temporary stoppage of the current flow. By
referring to Figure 17 it will be noted that the vibrator
hammer is direetly above the end of the eore. Tt will
be readily realized that whenever the core becomes a
magnet it will attract the hammer and whenever this
magnetism is destroyed then the hammer will be drawn
viaaarer

Flgure 17.—Induction Cofl in the Ignition Syatem.
away from the core by the spring to which the ham-
mer is fastened. In order for current from the mag-
neto to pass through the primary winding of the eoil
it must also pass from one to the other of the two
contact points which are so mounted that they touch
each other when the hammer is away from the core
and so that the poinis are drawn apart whenever the
hammer is drawn to the core.
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A flow of enrrent passing from the magneto throigh
the points and around the primary winding mag-
net, the core. The magnetie attraction draws the
hammer to the core and separates the points, thus
interrupting the flow of enrrent. With no current
passing around the core the iron is no longer a magnet.
“I'he spring then draws the hammer bael k and the points
again eome together, thus re-establi ir the flow of
enrrent and onee more making the core a magnet. This
sevies of events continues at a very rapid rate, with the
result that the core of the coil alternately beeomes a
magnei and then an ordinary unmagnetized picee of
iron. These changes of magnetism act on the secondary
winding to produce a momentary flow of current each
time the core becomes a magnet under the influcnce of
the magneto enrrent. Each of these impulses gives a
secondary current of strength sufficient to pass be-
tween the points of the spark plug and each time the
Fammer moves, separating the points and destroying
all the magnetism, a spark is eaused to jump at the
plug.

The Commutator.—From the explanation of the
action of a four-cylinder engine it will be plain that
sparks must oceur at the upper end.of the compres-
sion stroke in order to ignite the gas and start the
power stroke. It would not do for the t at which
this spark passes to vary beeanse any variation would
result in the spark passing either before the compres-
sion was completed or after the next down stroke had
started. Tt is to time properly the ocenrrence of the
spark that a commutator or timer is used.

The commutator, as shown in Figure 18, consists of
# metallic roller attached to the forward end of the
camshaft so that it turns as the camshaft turns, This
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roller is earried inside of a circular housing composed
of insulating material into which are set four metallie
contacts, The roller fonches these contacts us it tarns
inside of the insnlating ring.

18.—The Igaition Commutator.

To each of the four contacts is attached a terminal
or binding screw which appears on the ontside of the
ecommutator ease and from each terminal a wire leads
to one of the four eoils on the dash.
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Tt will be reealled that the camshaft makes one
revolution for each two revolutions of the crankshaft
and that for each complete eyele in any one eylinder
the camshaft turns once. Bearing in mind that the
commutator roller is fast to the end of the eamshaft
and takmg any one of the commutator contaets as an

il seen that the roller will touch this
tact onee for each complete eyele in one eylinder.
For each power stroke required in any one eylinder
we would have a completed conneetion through the
commutator to the eoil and this would produee a series
of sparks suitable for igniting the gas.

t

with one of the commutator terminals and from each
of the coils heavy wire leads to the spark plug in one
of the eylinders. This spark plug wire eonnects with
the secondary winding of the coil.

As the roller in the commutator travels around the
inside of the insulating ring it makes contaet first with
one of the segments then with the next one and so on
for all four, so that with the eommutator in use to
cleetric enrrent a flow will be sent to the four
eoils, one after the other, and as each coil receives
enrrent a secondary impulse will be sent to the spark
plug attached to that coil and placed in one of the four
eylinders. Four sparks will be produced for each
complete revolution of the commutator roller which
requires two revolutions of the erankshaft. During
the two revolutions of the erankshaft each of the four
evlinders must fire onee, and this ealls for fonr sparks,
one in each eylinder.

The roller in the eommutator is placed in such a
Pposition on the camshaft that it makes conneetion with
one of the contacts each time that a eylinder is ready
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to fire and the contact with which connection is made
is the one from which a wire leads to the coil used with
the spark plug in the cylinder that is then to fire.
The next contact in the commutator with which eon-
nection is made must be eonnected with the cail that
fires the next cylinder to deliver power, and so on for
all four eylinders,

The four coil wires are attached to the commutator
terminals in such an order that the cylinders will
receive high tension current through the spark plugs
in the same order as the firing order of the engine:
that is, the first eylinder, then the second, then the
fourth and then the third.

Spark Advance and Refard—Even though the
burning of the gasoline and air mixture may be like
an explosion it is far from instantaneous and an
appreciable length of time is required for the flame to
travel from the spark at the plug to the parts of the
combustion space farthest removed from the plug.
This interval of time required for flame travel re-
mains unchanged regardless of the engine speed; in
other words, it mqu‘res a constant time to ignite L‘na
gas regardless of engine speed.

It is desirable in the operation of an engine that
& spark shall pass at such a time in the compression
stroke as will insure that the mixture be completely
ignited by the time the piston has reached the upper
end of the stroke. Inasmuch as it takes a certain
length of time for complete ignition to ocenr it will
be scen that the spark must pass at the plug some
little time before the piston reaches the top of the
stroke because if the spark did not occur until the
end of the stroke then complete ignition would not take
place until the piston has started down.
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As the engine runs faster and faster it will be neces-
sary to cause the spark to pass earlier and earlier in
the compression stroke, because, while the time for
ignition remains the same, the piston takes less time
lo reach the top of its stroke with the inerease of en-
gine speed.

In order to provide means for causing the spark
to ocenr at a time during the compression stroke which
shall be suited to the speed of the engine, the insulating
shell of the commutator, with its four contacts, is so
sonstrueted that it may be turned from one.position
to another by means of a lever located underneath the
ateering wheel.  As the engine speed inereases, the
lever is moved so that the contacts in the commutator
are brought into such a position that the roller will
reach them before the piston reaches the top of its
stroke, thus bringing the spark earlier or later accord-
ing to the position of the commutator shell.

A second advantage provided by building the timer
50 that its position may be varied is that starting the
engine is rendered safer. Should the operator be
cranking the engine with the commutator in such a
position that the spark would occur before the piston
reached the upper end of the compression stroke the
ignition and rapid burning of the gas would drive
the piston in the reverse direction nnd cnﬂse the start-
ing erank to be thrown in a direction oppgsite to that
in which the operator was turning it. S an oecur-
rence might easily result in bodily injury to the person
doing the eranking, and it may be avoided through
moving the timer by means of the control lover into
such a position that the spark does not take place until
after the piston has started down on the compression
stroke. The power of the burning gas then causes the
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engine to run in the proper direetion and take up
its evele,

Spark Plugs—A spark plug consists of a hollow
steel a‘hc!l threaded on the outside so that it may be
serewed into the combustion space through the wall of

Flgure 19.—One- and Two-Flece Spark Plugs,

the eylinder. Inside of this shell is an insnlating core
usually made from poveelain, miea or stone and
through the center of this insulating core is a wire
having a terminal at its upper end and a point at
?Je lower end. The point at the lower end of the plug
is brought within about 1/32 inch of the spark plug
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shell or else a second wire is attached to the shell so
that its end is about 1/32 of an ineh from the end of
{h:e first wire. The insulating eore is seeurely fastened
to the shell so that when the shell is screwed into the
linder the whole arrangement is gas tight.

In Figure 19 are shown two types of spark plugs,
ecither of which n be used with the Ford engine.
The plug at the left is called a non-separable, or
one-piece plug; while that at the right is a two-
piece, or separable type. The non-scparable plug
has its eenter insulating portion sceurcly sealed into
the metallie shell by beading the upper edge of the
part that serews into the cylinder. Such a plug has
the advantage of permanent gas tightness.

The separable plug has its insulator sceured in the
shell by means of a packing nut which serews into
the metal of the plug body and gas tightness is
aintained by gaskets above and below the shoulder
on the insulator, or simply on one side of this shounl-
der. The two-piece plug may be taken apart by
unserewing the packing nut and the insulztor may
then be removed, thus exposing the surfaces for
casy cleaning. Care niust be exercised in re-
assembling the two-piece plug to av execssive
tightening of the packing nut, as the difference in
rates of expansion between the insulator and the
ontside shell will canse strains which probably will
result in breakage. Both forms as shown are made
with 14-inch standard pipe thread, and are tapered
through the thread length.

Currant Paths.—All of the external wiring is shown
in Figure 20. Starting from the terminal of the mag-
neto the primary current passes to the switch located
on the coil box and from this switch to the primary
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winding of each of the four coils. Wires lead from the
other ends of the primary windings in the coil to the
four terminals on the eommutator. Up to this point
the current has an uninterrupted flow and might pass

Figure 20.—Ignition Wirlng of Older Models.

through all the coils at once except for the fact that
the commutator roller can only be in contact with one
of the segments at any one ¢ allowing the eurrent
to flow ouly through the corvesponding coil. Current
flows from the timer contaets through the roller and
by means of the roller enters the metal of the engine.
Traveling through the engine the current reaches the
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magneto again at the point through which the magneto
electromagnet winding is attached to the metal. The
coil through which the enrrent flows will cause a spark
to be produced at the plug in the eylinder to which this
coil is attached.

The secondary eurrvent indunced in the coil through
which primary eurrent is flowing passes through the
wire leading to the spark plug. This wire is attached
to the upper end of the wire passing through the center
of the core of the plug and the current takes this path
1ts high pressure jumps across the gy-ineh gap and
enters the metal of the engine through the spark plug
shell. The balanee of the secondary eircuit is com-
pleted throngh the metal of the engine and through
that part of the primary wiring which leads from
the engine to the coils. The two cireuits, high and
low tension, are thus combined through a part of their
length. This makes it necessary to fasten one end of
the sceondary winding to one end of the primary
windings in the coil. However, no difficulties are
introdueed inasmneh as it is entirely possible to send
two distinet eurrents through the same eonductor, pro-
vided the paths of the two eurrents are made scparate
through some part of their length,

Battory System.—The standard ignition equipment
on the Ford ear includes only the magneto as a souree
of enrrent, but provision has been made for the addi-
tion of dry eell batteries or a storage battery, should
the owner so desire.

One of the coil terminals which may be seen on the
engine side of the dash leads to the switeh on the eoil
box, and should a set of batteries or a single storage
battery be attached to this tes 1, the current would
flow from the battery through the switch and there-
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after take the same path as would the magneto current.
The switch handle has two positions and when on the
side marked MAG the current will flow from the mag-
neto to the ignition circuits, and with the switeh handle
toward the side marked BAT the current will be taken
from the battery and sent to the circuits. Should a

0 |0 O\O

Figore 1.—Using o Dattery With the Ford Ignition Syatem.

battery be used, one of its terminals is connceted with
the above mentioned terminal, while the other side of
the battery is attached 1o the metal of the engine or
of the car so that the cirenit may be completed just
as would be the case with the magneto in use. The

is shown in Figure 21.
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Figure 22 shows the conneetion of a master
vibrator coil which consists of a primary winding
operating a vibrator and taking the place of the
four vibrators on the dash unit. This master coil
then breaks the cireuit for all cylinders, only the
seeondaries of the dash coils being employed.

TO EOMVUTATER.

70 BArTERY
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Figure 23.—Master Vibrator Connections.

THE FORD OILING SYSTEM

The Ford oiling system is so desizned that upon
introduetion of oil into the engine an adequate sup-
pl\ of lubricant is delivered toall of the engine bear-
ings, to the timing gears, to the eylinder walls, to the
1mn~aml ion and to the cluteh.

The view of the engine base shown in Figure 23
will make the operation of the oiling system
Oil is poured in through the breather pipe which is
an opening near the front of the engine and on the
right hand side. The oil flows down into the pan
underneath the erankshaft and rans back until it rises
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to a considerable depth in the depression of this pan
underneath the flywheel.

On the right hand side of the lower part of the fly-
wheel housing are two pet-cocks which may be seen
by looking underneath the car. The oil level should
be maintained somewhere between the pet-cocks. A
supply of medinm light engine oil should be poured
into the breather until it runs ont of the upper one of
these corks. The cock should be opencd and allowed to
remain so until the oil stops flowing. Under no cir-

23.—The Ford Oiling System.

cumstances should the oil level be allowed to run so
low that the lubricant will not flow out of the lower
pet-cock when it is opened

The flywhiel into the reservoir of oil while
the engine is in operatian and a considerable quantity
of the oil is carried around with the flywheel and dis-
charged into a small funnel carried in the side of the
flywheel housing at the right and about two-thirds of
the way toward the top. The oil that discharges into
this funnel passes through a pipe to the forward end
of the engine where it flows onto the timing gears and
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after lubricating the gears drops down into the engine
pan. This pan has a slight slope from front to back
and under each connecting rod is a depression which
fills with oil. During each revolution of the erankshaft
the lower end of the connecting rod dips into the oil
in the depression and the oil is splashed so il
a mist or vapor which lubricates the e
pistons.

Part.of this oil mist is eanght in small troughs lo-
eated above each of the bearings which sapport the
crankshaft and above each bearing which supports
the camshaft. The oil passes from these troughs
through the bearings and lubricates their surfaces.

The splash from the flywheel fills the transmission
and cluteh ease with sufficient quantity of oil to keep
the gears and cluteh parts well lubricated.

THE FORD COOLING SYSTEM

The heat of the burning gas in the cylinders of the
engine reaches a point between 2,500 and 3,000 degrees
Fahrenheit. Lubricating oil will not stand a temper-
ature much in excess of five to six hundred degrees and
it is therefore necessary to provide means for prevent-
ing the temperature of the cylinder walls from rising
too high. In order to earry away the excessive heat
generated by the burning gas the upper part of the
cylinders is surrounded by water. The part of the
engine casting which is made to retain the water is
called the jacket. The cooling system is shown in
Figure 24.

Water is kept in circulation around the eylinder
Jjuckets and is then carried to a radiator at the front
of the car by means of which the heat which the water
has absorbed from the cylinder walls is dissipated into.
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the air. The radiator consists of two parts or tanks,
one at the top and one at the bottom, each holding a
quantity of water. Between the two tanks are a num-
ber of copper tubes. Crosswise of the radiator and
surrounding the tubes are fins of thin sheet metal.

Figure 24—The Water Cooling System.

Hot water from the engine enters the radiator at
the top and in passing down throngh the tubes loses
its heat through the fins and the surface of the tubes
until when it reaches the lower tank it is comparatively
cool and rveady to be returned to the engine water
Jjackets.

A large volume of air is drawn through the radiator,
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Figure 25, by means of a four-bladed fan located just
behind the radiator and driven by means of a flat
leather belt from the forward end of the erankshaft.
An even flow of air is drawn through all parts of the
radiator beeause of the fact that the fan and the rear
side of the radiator are enclosed by a sheet metal hood
in the form of a funn

Pigure 25.—The Alr Clreulation for Coollng.

The water is caused to pass through the eirculat-
ing system between the engine and radiator by thermo-
syphon action, which means by the heat of the water
itself. It is a well known fact that warin water will
rise through cool water. This may be domonstrated
by placing a pan of cool water over a burner and then
throwing in some light mate ich gs sawdust, when
it will be seen that a eonstant stream of water is pass-
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ing up and above the fire and down around the cooler
edges of the vessel.

This prineiple is made use of in the Ford coaling
system. The eylinder jackets, the radiator and their
conneeting pmmg are all filled with water and as soen
as the engine has run for a few moments the water
in the jackets becomes much hotter than the water in
the radiator. This heated water s and passes
through the upper hose conmeetion to the top of the
radiator. As soon as the water reaches the radiator
it commences to cool because of the air. Becoming
falls and passes to the bottom tank of the radi-
ator. The hot water leaving the cylinder jackets
causes a continual flow to the engine from the lower
part of the radiator so that the eirculation is main-
tained as long as the eylinder walls are hot.

CHAPTER II
THE FORD TRANSMISSION SYSTEM

The transmission system includes all of the parts
that do active duty in carrying the engine power to
the rear wheels. In the case of the Ford ear the unit
1hat first receives the power of the engine is the com-
bined cluteh and change speed gearing. This deviee
either allows the engine to be entirely disconnected
from the rear wheels and their driving shafts, thus
allowing the engine to run while the car stands still,
or else allows the engine to be connected with the rear
wheels to drive them forward at a greater or less rate
of speed. The transm n also serves to drive the
wheels in a reverse direction while the engine itself
still runs forward.

The gasoline engine requires the use of such a device
for two reasons. One reason is that this type of engine
is not in itself reversible and when it is desired to
ceverse the direction of motion of the ear it must be
done by means of a change secured through gearing
of some form. The second is found in the inability
of such an engine to operate efficiently above or below
certain limits of speed. It is not economieal to oper-
ate a gasoline engine at less than three to four hundred
revolutions per minute and for mechanical and éar-
buretion reasons it is not usually advisable to attempt
speeds above two thonsand revelutions per minute.

If the engine were attached to the danmg wh
with a fixed and unchanging ratio of g, engine
speeds from 400 to 2,000 revolutions per minute would

53
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correspond to car speeds between four and twenty
miles an hour. This is obviously too limited a range
for all classes of work

An engine capable of delivering twenty horsepower
at one thousand revolutions per minute would only

Figure 26.—The Transmisslon awd High Speed Clutch.

give about half that power at one-half the speed and
one-fifth the power at one-fifth the speed. It would,
therefore, be impossible to start a car from a standstill
or to secure good pulling at very low speeds unless
some means w provided for allowing the engine to
to develop the nece: ¢ power with
r moving Very siowiy.
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The Ford transmission, shown in Figure 26, is of the
planctary type by which is meant a type in which all
of the gears remain in mesh with each other at all
times, This type is distinguished from the sliding

Reverse Gear.
Triple Gears

The Triple Gears and Mounting,

gear type in which different pairs of gears slide to-
gether so that their teeth engnge, the pairs being
selected according to the road speed wanted or accord-
ing to whether it is desired to go forward or packward.
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The gears in the Ford transmission are arranged in
sets as shown in Figure 27 and all of these sets revolve
around one main shaft. The different sets are brought
into action by stopping ths movement of the parts
which support one or more of the gears. The gears
re to be stopped are carried on parts to which
ached eylindrical metal drums. Bands, similar
rake bands, are placed around these drums and
provided with attachments by means of which any
desired band may be tightened to stop the revoluticn
of its drum and to bring the necessary sets of gears
into play.

Mounted with their centers in line with the main
shaft of the t on and in line with the erank-
shaft of the engine are three gears, two of which are
attached to two scparate drums while the tl
ealled the driven gear and is attached to the sh
through whieh the rear axle may be driven. These
three gears vary in size but arc all fastened together
s0 that they rotate at the same rate of speed and as a
unit. Inmesh with these gears and spaced equidistant
around their circumferences are three sets of three
gears each.

‘When it is desived to start the car from a standstill,
a pedal is pressed which eauses one of the drums to
stop revolving. This drum is attached to one of the
gears of the three on the main shaft. The pins or axles
of the three sets of three gears are fastened to the
flywheel of the engine so that when the engine is run.
ning the sets of gears are earried around on the outer
edges of the gears mounted concentric with the shaft,
Because of the fact that the one gear being held by
the band and drum is standing still, the sets of three
gears must turn around their own eenters in traveling
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around the outside of this eenter gear, and, depending
sn the relative sizes of the stationary gear and the
gears traveling around it, a motion is imparted to the

Figure 26.—The Transmission and Clutch.

driven gear on the shaft which may be either forward
or backward; that is, in the same direction as that in
which the engine is turning or in the opposite direc-
tion. Tn either case the motion imparted to the
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driving shaft is much slower than that of the enginu
erankshaft.

If the pedal whieh is pressed is the one which causes
the middle gear of those on the main shaft to remain
stationary, the ear moves slowly ahead, while if the
reverse pedal is pressed another band is tightened
which eauses the rearmost gear and the dvum attached
to this gear to remain stationary, causing the ear to
maove slowly backward.

Figure 28 shows the speed changing drums, and
the gears to which each is attached may he easily

recognized. The triple gears are shown on their

stud which is earried around with the flywheel. The
brake drum is also secn here,

The Clutch.—After the car has gained some momen-
tum with either the low or reverse gear in operation
it is desirable to Tun faster without greatly inereasing
the engine speed, this result is accomplished by means
of the high speed clutch.

This clutch is earried immediately baek of the
change speed gearing, as shown in Figure 28, and is
eomposed of n number of dises, part of this nnmber
being attached to the engine erankshaft while the other
part is attached to the driving shaft which earrics
power to the rear wheels, In assembling the cluteh
the dises attached to the engine and those attached to
the driving wheels are alternated ; first a driving dise
attached 1o the engine, then'a driven dise attached to
the shaft. The discs are normally held tightly pressed
tegether so that when some of them revolve with the
engine the others must also revolve and power is thus
carried through the cluteh. The dises are pressed to-
gether by a powerful coiled spring and it is possible
Sy pressure of the driver’s foot on the same pedal
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that operates low speed to remove the tension of this
spring from the clutch dises so that those attached to
the engine may rotate freely without driving those
attached to the shaft. With the pressure thus removed
from the eluteh, the engine may run without driving
the car, but when the spring pressure is allowed to
act, the driving shaft leading to the rear axle is caused
to rotate at the same speed at which the engine crank-
shaft is rotating and the car is driven at a correspond-
ing speed.

The slow speed forward is usually called low speed,
the slow speed backward js ealled reverse, while the
speed obtained with the clutch engaged is ealled high
speed or direct drive. When the spring pressure
forces the cluteh dises together, the clutch is said to
be engaged, and when the spring pressure is removed,
the eluteh is said to be released.

Tt will be noted that in any of the speeds, low,
reverse or high, that the car speed may be gradually
brought up to a point corresponding with the engine
speed. The foot pedals which act to tighten the bands
on_ the drums are applied by a gradually increasing
pressure of the driver’s foot so that the gears acted
upon are not immediately bronght to a stop but are
caused to run slower and slower until the car speed
has reached a point at which a complete engagement
of the drumn and gears may be effected. In a like
manner the high speed clutch is aliowed to gradually
engage by slowly operating the pedal which lets the
spring pressure act on the dises so that the driven dises
slip between the drivers until the ear speed has
reached a point suitable for complete engagement. The
cluteh dises are not damaged by such operation, pro-
vided the slippage does not continue for too long 8
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time, because the entire mechanism operates in a bath
of oil and beeause the dises are made from hardened
steel. The bands are lined with an asbestos fabric
composition well suited to withstand wear and frie-
tion, and when this lining has finally been worn thin,

Figure 29.—High and Low Speed Controls,

it may be renewed or the whole band may be renewed
at slight expense,

The low speed gearing and the eluteh are controlled
by the driver through a foot pedal, as shown in Figure
29, and by a hand lever attached to a eross shaft. The
left hand pedal, when pressed forward, causes the low
speed band to tighten, and when allowed to come all
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tiie way bacl, allows the clutch spring to press the
dises together. The center pedal, when pressed for-
ward, tightens the reverse band. The right hand pedal
is used for applying one of the brakes. The hand
lever is used for applying the rear wheel brakes,
When pulled about half way back and held there
its ratchet it prevents the clutch spring from pre:
ing the sets of dises together,

The use or misuse of the transmission gearing has a
great deal to do with the smooth operation of the car
or with the lack of smoothness. With the car stand-
ing still and the cluteh and gearing disengaged it is
not necessary for the engine to develop any consider-
able power, but just as soon as the car is started a load
is imposed on the engine and it is immediately neces-
sary 10 generate more power.

For this reason the driver’s fingers should be on the
throttle lever when the low speed pedal is first pressed
forward. As soon as the engine slows down, due to the
load, the throttle lever should be moved down a notel
or two while the foot pressure is gradually inercased on
the pedal. The amount of pedal pressure and the
amount of throttle openmg should keep pace with each
other so that the engine delivers more and more power
as vequired but still does not reach an excessive speed
and of eourse docs not eome to a stop.

When the pedal is pressed with sufficient force to
prevent v further slippage between the engine
erankshaft and the drive shaft, then the throttle should
be apened until the ear attains a speed of about six
or eight miles an hour. It will be realized that the
low speed gearing must now be released for a short
interval of time while the pedal is eoming back into
the high speed position, and if a throttle opening suf-
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ficient to allow the engine to drive the car is main-
tained during this interval, then the engine will race
at a great speed, doing possible damage and making a
very objectionable noise.

To avoid this condition it will be necessary for the
driver to momentarily elose the throtile, This elosing
should not take place until after the foot pressure has
been removed from the pedal beeause if the throttle
were to be closed with the pedal down the engine would
mmediately reduce its speed and the car speed would
likewise be reduced.

This reduetion of ear speed is one thing that should
be avoided. Another reason for this momentary clos-
ing of the throttle is to allow the engine speed to drop
to a point that will correspond to the desired rate of
revolutions after the high speed cluteh has been en-
gaged. This rate will of course be much less than
with low speed in use. When the pedal is released
and the throttle has been partially elosed the engine
will slow down and at this instant the pedal should
be allowed to eome all the way back, which will engage
high speed. 1f the operations are carried out accord-
ing to the above suggestions the change from one
speed to another will be accomplished without its
being noticeable to the oceupants of the ear and with
the pedal all the way back the speed of the car may
thereafter be controlled by moving the spark and
throttle levers until such time as it is desired to release
the elutch for one reason or another.

DRIVING SYSTEM

The Universal Joint.—With the car traveling over
rough roads the spring action allows the body and
frame to move up and down in relation to the whecls
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and axles. The engine is mounted on the frame and
must therefore move with the frame and body, but
power from the engine is earried to the rear axle and

Flgure 50, Universal Joli

wheels which do not move with the frame. It is
therefore necessary to provide some form of connee-
tion between the en nd rear axle which will
transmit power while the springs ave in action,
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At the rear end of the transmission is a joint, called
a universal, which connects the transmission shaft
with the propellor shaft which runs to the rear axle
and this joint earrics rotary motion from one of these
shafts to the other while the shafts operate at an angle
which changes with every movement of the springs.

This universal joint is composed of two T-shaped
pieces, one of which fastens to the rear end of the
transmission shaft and the other one of which faste
to the front end of the propellor shaft, The picce
which fastens to the transmission is squared and fits
into a square hole on the end of the transinission shaft

Figure 31.—Operation of the Universal.

while the pieee for the propellor shaft is made with a |

square hole which fits over the squared forward end
of the propellor shaft.

In assembling the universal the two T's are placed
with their heads erosswise to each other and wlh
in this position they are fastened together by a me
ring which provides a bearing for the ends of the
This arrangement effects a double hinge which may
be bent up and down or erosswise, or in any combina-
tion of these motions at the same time. The parts
and their appearance when assembled are shown in
Figures 30 and 31.

s
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The universal is enclosed in a hollow steel shell of
spherieal shape and this shell is bolted to the rear
af the transmission housing by means of a flange, The
shell is fastened to the forward end of the housing or
tube that encloses the propellor shaft and the driving
foree from the rear axle is transmitted through the
propellor shaft housing to this spherical shell, then
through the transmission, the engine case and the
under pan to the side members of the frame.

The spherical housing is free to move inside of the
fiange that holds it to the rear end of the transmis-
sion and these parts form a ball and socket joint
which allows the rar axle to move up and down and
also allows ane end of the rear axle to be higher than
the other end while the driving effort is carried
through the ball joint without any tendency to twist
the engine, the transmission or the power plant,

The Triangular Drivo—In order that the ear may
respond to the action of the steering wheels and that
it may run steaight ahead when desired, it is neees-
sary that the outer ends of the rear axle and the rear
wheels themselves be maintained at the same distance
beek of the ear at all times and also in line across the
length of the ear, This distance is maintained by two
leng rods, one attached to each end of the rear axle
and both running forward and toward the center of
the ear until they attach to the forward end of the
propellor shaft housing just back of the universal
joint and ball housing. An examination of Figure
32 will show that the rear axle and driving shaft form
a unit whiek attaches to the main body of the chassis
through the universal and the flexible ball joint sur-
rounding the universal. This construetion provides
a form of drive in which the rear axle may assume
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practically any possible position on the road surface
without affecting the alignment of the engine or of
any other part of the ear,

The Differential.—When the ear turns a corner
the wheels on the outside of the eurve travel faster
than those on the inside heeause both inside and out-

VANEESAL TOWT A7,
AERR 25 FOWER FLAYT

Figure 32—The Triangular Drive System.

side wheels must make the turn in the same length of
time and the outside path is longer. The front wheels
are independently mounted on the ends of the front
axle and one is therefore free to travel faster than the
other. The rear wheels, however, do the driving and
cannot be independently mounted,
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In order to allow the outside driving wheel to run
at the required inerease of speed the driving axle is
made in two pa The outer end of oue part of the
driving axle shaft turns the wheel on one side while
the outer end of the other part of the shaft turns
the other wheel. The inner ends of the two parts
of the driving shaft are fastened into a set of gears
that receive power from the engine through the pro-
rellor shaft. This set of gears is soarranged that the
driving wheels may travel at different rates of speed

Figure 33.—Operating Prineiple of the Differential.

while both receive power. The differential gears are
carried at the center of the axle together with the
bevel gears 1 in Figure 34. Power from the
engine is carried through the drive shaft to its small
Level gear and this small gear turns the larger bevel
which in its turn causes the set of differential gears
to revolve as a unit, The principle of operation may
he understood from Figure 33.

It will be seen that should one gear wheel with its
axle shaft stand still, the other wheel eonld still be
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revolved and in this case the small differential pinions
would roll round and round on the gear fastened to
the stationary axle shaft and in relling would allow

the other axle shaft to turn. This is the action that
takes place in turning a corner, althongh neither
wheel comes to a full stop, but simply travels slower
or faster than the other wheel.

The Rear Axle—The rear axle of the Ford car
ts of two mechanical units, One unit is com-
posed of the driving shafts, their bearings and the
gearing contained in the axle, The other unit is the
cutside or housing of the axle which serves to carry
and protect the working parts and at the same time
earries the load of the car body.

The Ford axle is of the type known as semi-float-
ing. A semi-floating rear axle is one in which the axle
shafts are each carricd by two bearings, one at the
inner end and the other at the outer end of each shaft.
The driving bevel gears together with the differential
are supported by the inmer ends of the axle shafts,
while the onter ends of these same shafts carry the
wheels, The relation of each part to the other is shown
in Figure 34, It will be seen that the long axle shafts
are supported at each end and that at the outer end
they terminate in a taper which fits into a taper hole
of the wheel hub,

The weight of the car body is supported by the
springs and the springs rest in brackets on the out-
side of the axle housing. Passing through the axle

Thousing the weight is supported by the bearing toward

the wheel and through this bearing by t

The bearings used in the Ford rear
flexible roller type. Each bearing is composed of a
series of rollers, each roller about one-half inch in
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diameter and several inches long. Each roller con-
sists of a single strip of steel formed into a hollow
spiral. This spiral assists in carrying the lubricant
from end to end of the bearings, and at the same time
provides an anti-| on mounting of great load-
carrying capacity in proportion to its weight and
with ability to resist shocks because of the springlike
construetion.

The rollers composing one of these bearings are
carried in a framework called a cage, and, depending
on the point at which the bearings ave used, they may
or may not he enclosed by a eylindrical shell, ealled a
race. In any case the spirals in adjacent rollers run
in opposite directions, this construction assisting to
distribute the load and also to earry the lubricant
back and forth from one end of the bearing to the
other,

RU G GEAR

The parts of the power plant, drive system and con-
trol system are carried on a steel framework so that
they are held in place and ean do their work. The
frame is made of sueh size and shape that all the
parts just fit in place on the bars that make np the
frame.

In order to protect the machinery against jars and
bumps that might damage it and also to make the car
ride casy for the passengers, the frame is carried on
springs placed between it and the axles.

The front axle of the car, in addition to cavrying
part of the weight, includes parts of the steering gear
so that the front wheels may be turned as the driver
wishes.

The rear axle is made up of hollow tubing so that
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the driving shafts and differential may be ecarried
inside of the hollow part. This proteets the working
parts from dirt and also makes the axle stronger.
Automobile wheels are made with her wood or
wire spokes, and beeause of the greater strength re-
quired, they are usually mueh lowér than carriage
wheels.

Radius Rods. Steering Knuckl
Tie Rod- Axle Center
22
4 A

Figure 35.—The Front Axle and Radins Rods.

In order to absorb the small vibrations and jars
and leave only the larger bumps for the springs to
take care of, rubber tires are placed around the rim
of the wheel. These tires are hollow and filled with
compressed air.

The frame, springs, axles, wheels and tires make
up the running gear of the ear.

Front Axle—The appearance of the front and of
the top of the Ford front axle is shown in Figure 35.
‘The eenter section is a steel forging of I-beam see-
tion, this shape providing great strength with light
weight. The front axle of the automobile, unlike that
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of a carriage or wagon, docs not turn at its eenter,

but consists of a eentral portion which remains sta-
tionary with reference to the frame. In jaws on the
end of this center are pieces ealled knuckles and
spindles. The front wheel hubs are supported on the
spindles and the spindles themselves are hinged on
large vertical bolts so that they may be turned toward

Figure 36.—Front Wheel Spindle and Dearings.

the front or rear, thus allowing the ear to turn a
corner.

The spindles are provided with arms extending
toward the rear of the car and these arms are fast-
ened together with a transverse rod called a tie rod.
By maoving this tie rod from side to side the spindles
and wheels are moved. The construetion of the spin-
dle and front hub is shown in Figure 36. The hob
is carried on bearings of the cup and cone ball type.
One of these heanng« is toward the inner end of the
spindle and is the larger one of the two, while the
other one is at the outer end and serves to maintain
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the wheel in an upright position, but dees not carry
much of the load. A cup and cone bearing consists
first of a conieal scat fastened to the spindle. The
eone of the iuner bearing points out and the eone of
the outer bearing points in. A cup-shaped portion of
these bearings is earried in the wheel hub and serves
to ret the steel balls in position they travel
around the cones. The parts are show Figure 37.

Ball Retainer Ring

Pigure 37.—Front Wheel Dearings,

The objection is sometimes raised against a cup
and cone bearing that it is of an adjustable type and
is therefore subject to misuse at the hands of those
who do not understand its construetion. It is very
cssmmal that a bsnnug of this h;:e or of any other

TLooseness permits play which results in more or less
severe shocks and these shoeks tend to cause fractures
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on the wearing surfaces of the balls and also on the
cups and cones. Excessive tightening of the bearing
causes ecessary loads to be imposed on the balls
with the result that they quickly cut into the surfaces
of the parts between which they roll and the life of
the bearing is very much shortened.

In making an adjustment of the cup and cone bear-
ing the wheels should be jacked clear of the ground
and should then be started to revolve, If the wheel
comes to rest q ¢ it indicates that the bearing is
too tight and it should be loesened. If the wheel
spins freely the bearing should be gradually tightened
by serewing the cone farther onto the spindle until
there is a slight amount of binding, which eauses the
wheel to come to a stop quicker than it did with the
bearing loose. After the bearing has heen tightened
in this way it should be loosened a fraction of a turn,
which will provide a good running adjustment.

The eenter line of the spindle is inclined so that
the top of either front wheel is farther away from
the ecnter of the car than is the bottom of the wheel.
In other words, the wheel tips out at the top or is
eambered. By such a construction the point of the
front wheel which is in contact with the road is brought
very nearly into line with the axis of the long ver-
tical bolt on which the spindle and knuekle turn
Steering is thus made much easier beeause it requires
less effort to turn the wheel aronnd a point resting
on the ground than to move the whale wheel in a part
of asmall cirele, which would be the ease if the wheels
were straight up and down.

‘The steering wheels of the car arg held in such a
position by the tie rod that their frout edges are
closer together than are the rear edges. This con-
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struetion is called gathering. This gather is pro-
vided to eompensate for any slight looseness or de-
fleetion that may take place in the joints of the knuckle
and of the tie rod. The front wheels are pushed
along over the road by the car, and inasmuch as there
ix a eertain resistanee to motion caused by the road
surface, the tendeney of the wheel is to slow up at
all es while running. This tendeney causes the

A

Rear
Tie Rod Adjustment

Front

Figure 38.—VFront Wheel Setling.

wheels to press pack on the oute~ ends of the spindles.
This pressing back takes the slack out of all the front
axle and steering parts and at the same time tends to
eanse the front edges of the wheels to run away from
each other and to cause the rear edges to come to-
gether. This tendency takes up almost all of the
above mentioned gather. The distances, A and B, also
the adjustment, are shown in ”

The front axle is maintained in correct relation to
the frame by a pair of radins rods which, together
with the axle center, form a triangle. The rear point
of this triangle is fastened to the lower part of the
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engine by means of a ball and socket joint. This eo
neetion keeps the front axle in line with the rear axle
and at the same time allows the onter end to move up
and down as the wheels travel over inequalities in
the road. .

Springs.—The Ford ear uses but two springs and
these are of the semi-elliptic type as shown in Figure
88, Contrary to ordinary practice, the Ford springs
run erosswise of the car rather than lengthwise, The
front end of the frame is carried at the eenter of
the front spring and the rear end of the frame is car-
ried at the center of the rear spring. The outer ends
of the springs rest on the axles close to the wheels.

Each spring is composed of a number of rather

thin leaves and these leaves vary in lerigth from bot-
tom to top of the set. The lower leaf is long enough
to extend clear across from support to support, whils
those above it grow shorter and shorter until the one
next to the frame is less than half the length of tze
lower one.
. Frame—~The frame of the Ford car with the power
plant and rear axle mounting is shown in Figure 35,
The frame itsclf is a rectangular assembiy of pressed
steel channels. The frame supports the power plant
and body and is itself supported on the springs and
it front and rear axles,

The Ford prineiple of three-point suspension is
well illustrated by the view in Figure 39. The power
plant is supported in front and at its two sides on
the frame. The rear axle is supported toward the
front by the rear end of the power plant and at its
outer ends by the triangular radius rods. The front
axle likewise forms a triangular system as already
explained. 5
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Flgure 30.—Power Plant, Tranemission System and Frame,
Showing Three-POIRL Suspension.
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CHAPTER III

DRIVING AND CONTROL
THE STEERING GEAR

The steering gear includes the hand wheel which is
turned by the driver, and all of the parts that carry
the turning effort from this wheel to the front road
wheels. The parts of the steering gear which are
fastened direetly to the front axle have alrendy been
mentioned in Chapter IT.  The prineiple of this type
of steering gear is illustrated in Figures 40 to 42,

The arms which move the wheel spindles extend
from the axle and carry the tie rod. This tie rod is
moved erosswise by a steering link whose one end
attaches to the right hand end of the tie rod and whose
other end is attached to a crank or arm at the lower
end of the steering column, Movement of this crank
pulls the steering link one way or the other and
through the tie rod and spindle the front wheels are
turned.

In order to make the steering gear operate properly
it is designed so that a line drawn through either one
of the vertical spindle bolts and then through the end
of the tie rod which is back of this belt would lead to
the center of the rear axle.

A steering gear ont in this way is illustrated in
Figore 42. The tie rod is of sneh length that when
one of the front wheels is turned the other turns also,
but to either a greater or less degree than the first one,

%
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Regardless of the amount that either wheel is turned,
it will be found that lines through the‘u' spnnd!cs
point to one and the same point and that this point lies
in a line drawn throngh the rear axle. Tlnc_ degree
of turning, shawn in Figure 42, causes the spindle of

Flgure 10 —Steering Wheel and Gearing.

the left hand front wheel to point toward A, while at
the same time the spindle of the right front wheel
also points toward A. This point A is found to lie in
a line drawn through the center of the rear axl‘e‘
With all of the wheels in the position shown fl\c)' will
travel around A as a center and the ear will follow
the curved path shown.
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'The construction of that part of the steering gear
which is directly acted upon by the hand wheel is
shown in Figure 41. It consists of a shell on the inside
surface of which are gear teeth. This shell is fastened
to the upper end of the steering column and, with the
housing of the column, remains stationary. In mesh
with the tecth in this shell are three small ons
which are mounted on a triangular plate fastened to
“he upper end of a shaft extending down through the

Figure 41—Principle of the Ford Stecring Gear,

center of the steering column. The steering wheel
carries another small pinion which is shown ‘at the
center of the illustration and which meshes with all
three of the pinions which are attached to the steering
column shafi,

When the stecring wheel is turned by hand it re-
volves the central pinion and in doing so causes Lhe
three steering shaft pinions to roll around the in
of the toothed shell. In tra\ehug around the msule
of this shell the three pinions carry with them the
triangular piece on which they are mounted and the
steering shaft is thus caused to go through part of a
revolution.

It will be realized that it would require several
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revolutions of the steering wheel and its gear to cause
the three pinions to travel all the way around inside
of the shell. It therefore requires a considerable part
of a revolution or even more than one complete revo-
lution of the steering wheel to effect any great change
in position of the steering shaft. This reduction of
motion inereases the power applied by the driver to
the road wheels and gives good control of the direction
in which the car shall travel.

Figure 42.—Action of Steerins Gear.

The rod which runs from the lower end of the
steering eolumn shaft to the right hand end of the tie
rod is fitted at each of its ends with a ball and socket
joint. Joints of this same type are found at several
points on the Ford ears and are used wherever it is
desired to make a secure connection that will allow
relative motion in almost any direction between the
parts attached.

Two separate and distinet brakes are provided on
the Ford car. One of these brakes acts on a drum
carried with the transmission gearing and is called the
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service brake. This brake is i
hand foot pedal. e e
The other brake acts directly on the rear wl
hubs through drums fastened to the hubs :ud l?lneffn
which brake shoes are expanded when a pull is ex-
erted on rods which attach to the hand lever in the
driver’s eompartment. This wheel brake is called the

emergency brake.

Brake Cim - 'Coil Spring
Brake Shoe Brake Drm!

Figure 43.—Rear Wheel Emergoncy Diake.

_'l‘hv: parts of the emergency brake are shown in
Figure 43 and consist simply of the steel drum which
is solidly fastened to the wheel and two shoes which
expn_ud _msulc of this drum. The serviee brake is
carried in the transmission and consists of a band
which enecireles a drum and of a foot pedal which acts
to contract the band through linkage drawn tight
when the pedal is pressed, the braking effort being
earried through the rear axle gearing,
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Tt is possible to apply a powerful braking action at
the rear wheels by exerting a very light pressure on
the reverse brake pedal. Tt should, however, be horne
in mind that braking done by means of the reverse
jmposes a very severe strain on the transmission

ars.

It is always possible with any ear to allow the engine
jtself to act as a brake in descending a hill of some
Jength. This is done by turning the ignition switeh
to the off position, closing the throttle and then en-
gaging either high or low gear. The engagement of
high gear will cause the car to drive the engine at a
moderate rate of speed and this will require sufficient
power to reduce the speed at which the car is travel-
wg, Engagement of low speed eauses the ear to drive
the engine very fast and will therefore reduce the
speed of the ear very quickly. Under the steering
wheel are two small levers, shown in Figures 44 and 46.
The right hanid or throttle lever, conirols the amount
of gasoline and air mixture which goes into the eylin-
ders. When the engine is in operation the farther this
Jover is moved downward toward the driver the faster
the engine will run and the greater will be the power
Furnighed. .

The left hand lever controls the spark which ignites
the gas in the eylinder of the engine. This lever ad-
vances the spark and it should be moved toward the
driver noteh by noteh, until the engine reaches its
maximum speed with a given throttle opening. If the
Jever is advanced or moved toward the driver beyond
this point a dull knoek will be heard in the engine.

The spark lever should usually be put in about the
1hird or fourth notch of the notched half-cirele on
which the levers operate. The throttle should usnally
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be opened about five or six notehes. A little experi-
ence will soon indicate where these levers should be
Tlaced for proper starting, Care should be taken
while eranking not to move the spark lever too far
down as the engine may kick back in starting.

Good drivers keep the spark lever advanced just as
far as the engine will permit without knocking, Tf
the spark is advanced too far ignition oceurs before
the piston in the engine has completed its compression

Flgure 44—Spark and Throttle Levers Under Stesring
Wheel.

stroke and a knock results. The best results are ob-

, tained when complete ignition cccurs just at the time

the piston reaches its highest point in the eylinder,
the gas then being at its highest compress The
spark should be retarded only when the engine slows
down on a bad road or steep grade, but care should
Le exercised not to retard the spark too far, for when
this is done, instead of getting a powerful explosion,
a slow burning of gas with excessive heat will be the
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result. The spark should he operated as the occasion
demands. The greatest economy in gasoline consump-
tion is obtained by driving with the spark advanced
sufficiently to obtain the maximum engine speed for
the throttle opening being used.

The different speeds requived to meet road condi-
tions are obtained by opening or closing the throttle.
Practically all the running speeds needed for ordinary
travel are obtained on high gear and it is seldom neees-
sary to use low gear except to give the car momentum
in starting. The speed of the car may be temporarily
slackened while driving through crowded traffic or
turning corners by slipping the cluteh, that is, press-
ing the cluteh pedal forward toward neutral.

DRIVING

All of the parts by means of which the driver is
given control of the Ford car are shown in Figure 45
as they would appear to a person looking over the
back of the front seat. These are the parts with
which the driver is concerned after the ear is in
motion, but before this time comes it is necessary to
make certain preparations to crank the engine and to
start the ear from a standstill.

Before trying to start the car, fill the radiator with
clean, fresh water. If perfectly clean water cannot
be obtained it is advisable to strain it through muslin
or some similar material to prevent foreign matter
from getting in and obstrueting the tubes of the radia-
tor. The coaling system will hold a little more than
three gallons of water. Tt is important that the ear
should not ke run under its own power unless the
water cireulzting system has been filled. Pour in the
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water until both radiator and eylinder water jackets
are full. The water will run out of the overflow pipe
when the entire water system has been properly filled.
The water supply should be replenished as often as
may be found 1.ecessary. Soft rain water, when it is
to be had in a clean state, is superior to hard water,
which may econtain alkalies and other salts which tend
to deposit sediment and elog the radiator,

The gasoline tank should be filled nearly full and
the supply should never be allowed to get low. The
gasoline may be strained through chamois skin ta pre-
vent water and other foreign substances from getting
into the tank. Dirt or water in the gasoline is sure
1e cause trouble. When filling the tank there must be
no naked flames within several feet, as the gasoline
vapor is extremely inflammable and travels rapidly,
Always be careful about lighting matches near where
gasoline has been spilled as the air within a radius
of several feet is permeated with the highly explosive
vapor. The small vent hole in the gasoline tank eap
should not be allowed to get plugged up, as this would
prevent proper flow of gasoline to the carburetor. The
gasoline tank may be drained by opening the pet-cock
in the sediment bulb at the bottom.

Upon receipt of the car see that a supply of medium
light, high-grade engine oil is poured into the erank-
case through the breather pipe which is eovered by a
ruetal cap at the front of the en After the en-
gine has beeome thoroughly limbered up the best
results will be obtained by ing the oil at a level
midway between the two cocks, but under no eir-
cumstances should it be allowed to get below the
lower eock. It will be well to see that all grease
cups are filled and that necessary oil is supplied.
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Before eranking the engine see that the hand lever,
which comes up through the floor of the car at the
Jeft of the driver, is pulled baek as far as it will go.
In this position the lever holds the high speed eluteh
out of engagement and applics the hub brake, thus
preventing the car from moving forward when the
engine is started. After inserting the switeh key in
the switeh on the coil box throw the switeh lever as
far to the left as it will go, to the point marked MAG.
This switch conneets the magneto with the coils and
spark plugs. The engine cannot be started until the
switch is elosed. Throwing this switch back to a ver-
tical position stops the engine,

Cranking the Engine—The engine is cranked by
turning the starting crank which is at the front of the
car, Take hold of the handle and push firmly toward
the car till the erank ratchet is felt to engage, then
Lift upward with o quick swing. With a little experi-
enee this operation will become an easy matter, Do
not, as a usual thing, erank downward, for an ecarly
explosion may drive the handle vigoronsly backward
This does not mean, however, that it is not advisable,
when the ear is hard to start, to oceasionally spin the
engine by the use of the starting handle, but the spark
lever must surely be retarded when spinning, or erank-
ing the engine against compression, otherwise a sud-
den backfire may injure the arm of the operator, When
the engine is cool it is advisable ta prime the ear-
buretor by pulling on the small wire at the lower left
corner of the radiator while giving two or three quar-
ter turns with the starting handle.

‘The carburetor does not ordinarily require priming
when the engine is warm, and eranking with the rod
pulled ov* is apt to flood the engine with an over-rich
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mixture of gas which does not readily explode. This
naturally eanses difieulty in starting. 1if the eylinders
should be accidentally flooded, turn the carbureton
adjusting needle down or to the right until it seats;
then erank the engine for a few revolutions in order
to exhaust the rich gas. As soon as the engine starts,
turn the needle back and readjust the earburetor,

Starting the Car—In order io allow the engine to
be started with the ear standing still, a position of the
change speed gearing is provided which allows the
engine to run without moving the road wheels. This
is called the neutral position. In order to give suffi-
cient power for starting the car, another position is
provided in which the engine will turn very fast and
deliver a large amount of power while the car moves
slowly.

To engage the gearing in the position for starting,
usually called low speed, the driver presses gently on
the left hand pedal until the power of the engine ap-
plied through the gears canses the dr g wheels to
revolve slowly. The band is allowed to slip slightly
s0 that the engine ean kecp up its speed and at the
same time begin to move the car.

As the pressure on the pedal increases there will be
less and less slipping of the band and the car will run
faster until its speed reaches a point as great as the
engine will drive it with the change speed gearing
in the low speed position,

After starting the car from a standstill in this way
the pedal is released by the driver and the eluteh is al-
lowed to engage gradually so the car will go faster
than before, but of course without as great power.

The operation of the foot pedals has already been
explained. The first one toward the left operates the
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cluteh and by it the ear is started and its operation
largely controlled. 'When pressed forward the cluteh
pedal engages the low speed gear, When half-way
forward the gears are in nentral—that is, discon-
neeted from the driving mechanism of the vear wheels.
With the hand lever thrown forward, relensing this
pedal so that it comes back, it engages the h speed
cluteh. The center pedal operates the reverse band
and gears. The right-hand pedal operates the trans-
mission brake.

‘When the ear is to be started, the foot should rest

on the cluteh pedal and hold it part way forward in *

neutral; the throttle should be slightly opened and
the pedal pressed down into low speed, then finally
released, engaging high speed, which operation
should be done smoothly enoukh to cause neither
sudden accelerating or slowing of the ear.

The chief purpose of the hand lever is to hold the
cluteh in neutral position. If it were not for this
lever the driver would have to stop the engine when-
ever he left the driver’s seat. Ile would also be un-
able to erank the engine without the ecar starting
forward with the first power stroke. When pulled
back as far as it will go, the hand lever acts as an
emergency brake on the rear wheels by expanding the
brake shoes in the wheel drums.  Therefore the hand
lever should be back as far as it will go when crank-
ing the engine or when the car is at rest. It should

in a vertical position and not far ex nugh back to
act as a brake wlhen the ear is to be reversed. When
the ear is operating in high or low speed the hand
lever should be all the way forward,

Stopping.—To stop the ear, partially close the throt-
tle, release high speed by pressing the eluteh pedal
forward into neutral and apply the foot brake slowly
but firmly until the car comes to a dead stop. Do not

DRIVING AND CONTROL st

remove the foot from the eluteh pedal withu_t first
pulling the hand lever batk to ueugm} position or
the engine will stall. To stop the engine, open l‘hu
throttle a trifle and then throw off the switch. The
engine will then stop with the v_\‘llilf'll:ru full luf ex-
plosive gas which will naturally facilitate starting.

The driver should be so familiar with the operation
of the car that to disengage the clutch and apply _|he
brake becomes practically automatie, the natural thing
to do in case of emergency.

ApvANEE oPEN

Stow SPEED o
PULLING

7O SeT K
Eneine SPEED N
Fliure 46.—Effocts of Control Lever Movements.

In driving down long, steep ]lill:] the speed of the
i  be checked by allowing the e
:::; nzjromprfssion with the i;;ni’tiun off rather t_ham
by using the transmission brake. Throw off the switeh
and close the throttle. If this does not slow \!IE' car
sufficiently, press on the l:)‘w-a;'u'cd pedal. l,J'mn
reaching the bottom of the ineline, throw on the switch
and open the throttle when the engine will commenee
firing. If the throttle is left open while descending
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the hill fresh gas is apt to work back through the

exhaust pipe and cause an explosion in the muffler
when the switch is thrown on, Using the engine as
A brake should not be undertaken until the driver
Dbecomes thoroughly familiar with the ear.

It will often be found, when stopping in a street,
that it is necessary to drive into a spaee, usually
between two other cars, which is not much longer
than the car which you are driving. The path to he
taken in getting into such a space is shown in Figure
47. The path of the front wheels is shown and thir

-
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Figure 4T—Tath to Be Taken In Driving Dotween Cars at
urh,

path should be made such that the high-hand side of

the car is brought as far toward the eurb as possible *

in the space hetween the fwo cars and is then made
to pass the rear eorner of the standing ear, marked
4, with just as little clearance as is safe. It will
then be found that upen backing, the rear end of your
car will approach the curb and finally by turning the
steering wheel sharply as soon as yonr front fender
clears the ear marked A, your car will be lined up
nearly parallel with the eurh.
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'The brakes should never be applied with such great
foree as to cause the rear wheels to come to a complete
stop and slide along on the ground. With the wheels.
locked the car will not eome to a stop nearly so quick
as while they turn and keep their hold on the road
surface. Should the wheels inadvertently be locked,
the brakes should be immediately released and then
re-applied more gently so that the tires retain their
grip on the road, yet exert all the retarding effort
that iz allowed by the weight of the car.

Skiddi Skidding is best d by keeping
off slippery pavements whenever possible, Drive
slowly when on them. In wet and snowy weather
use chains on the rear wheels, and if the mud or
snow is very bad, on all four wheels. Apply the
chains loosely so they will move about and distribute
the wear over the entire surface of the casing. Non-
skid tires may help some. When the ear starts to
skid, do not apply the brake, but close the throtile
end turn the steering wheel in the dircetion in which
the rear wheels are sliding. This will tend to neu-
tralize the lateral movement of the car,

If, in the absence of chains, the ear becomes mired,
ce tne road is so slippery that the wheels cannot. seeure
sufficient hold to move the car, relief may be obtained
winding a rope around the rear tires and between
the spokes.

The greatest eare should be exereised on or near
car tracks because the tendency of wet rails ix to
cavry the automobile wheels along in the grooves no
matter which way you turn the hand wheel, aund
when the front wheels finally Jeave the rails the car
will be deflected so violently that it will make a bad
skid almost a certainty,
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It will be found that the different paving materials,
‘when wet, provide different experiences for the driver,
A wood block pavement is a most treacherous sur-
face, and, unless extreme eaution is used, the wheels
will travel in almost any direction except the one de.
sired. Asphalt pavement probably ranks next in slip-
periness. Cobble stone comes next and brick last.
In other words, a brick pavement is eomparatively
safe to drive on even when wet. A mud road is not
especially dangerous for a ear running at a moderate
speed, and is only to be aveided beeause of getting
into the mud so deep that there is not sufficient trae-
tion to pull out.

While dri on a wet road that is crowned or
raised at its center, skidding may be avoided by run-
ning with the two wheels on one side of the car in the
gutter. This will tend to carry the ear along in
the trough formed between the edge of the road or
the curb of the street and the depression made for
the gutter.

In case a skid starts in spite of all care that may

be used, it is essential that the brakes should not be

applied unless it is absolutely necessary to retard tl
car to aveid an aceident. When the brakes are ap-
plied with the car running on a wet pavement, one
wheel is almost sure to receive a greater retarding
effort from the brakes than that received by the other.
This one wheel will eome to a stop and the car will
tend to spin around on this wheel’s contact with the
road as a center. This kind of skidding n
vented in large measure by leaving the h
eluteh engaged whenever the brakes are applied on a
wet road. The engine effect, through the driving
parts, will keep both wheels turning, but the brakes
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will bring the car speed lower and lower until, just
before the engine would stop because of the braking,
the eluteh may be released, and the final part of the
stopping done with the brakes as in ordinary prae-
tice.

Reversing—The ear is reversed by first coming ta
a dead stop. With the engine still running, disengage
the eluteh by pulling back on the hand lever and
press the reverse pedal forward with the left foot,
the right foot being free to use on the brake pedal if
needed. Do not bring the hand lever back too far or
the brakes will be set on the rear wheels. Experi-
enced drivers ordinarily reverse the car by simply
holding the elutch pedal in nentral with the left foot
while operating the reverse with the right.

A considerable amount of praetice is required in
order to drive a ear backward, and this is especially
true of turning corners or of backing down a hill
It will be found that once the car starts to turn it will
leave a straight line very quickly and will show a
decided tendency to get beyond the control of the
driver. It is almost impossible for an inexperienced
driver to look back of him and at the same time keep
the car running in a straight line. It might be noted
that this difficulty is encountered whether the car is
traveling forward or backward, and oftentimes leads
to very serious consequences.

Speeding harins any car—particularly a new one.
‘The Ford has all the power and speed necessary for
safe and comfortable travel. But excessive speed is
expensive, it shortens the life of both tires and ma-
ery and besides, it is dangerous. The best car
de will not long withstand the strain of unreason-
able driving. Racing cars are short lived.
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A decided difference will be found between d
on the eity pavements and on country roads, le
driving in the city it is best to have the steering gear
so adjusted that there is little or no play because it is
desirable to follow an unwavering path, and that
path is determined solely by the movement or lack

of movement of the steering wheel. On a country

road it will be found that the ruts or trucks serve in a
great measure to guide the front wheels of the ear
and steering is not nearly so diffienlt. In driving on
a country road it will be suffieient if the steering
wheel is held rather loosely so that the road wheels
are free to follow the traveled tracks.

‘While driving in traffic and while approaching eor-
ners it is very necessary to keep the ear under such
control that accidents may be avoided. This may

best be done by running at such a speed that the ear .

could be brought to a stop in the distance between it
and whatever vehiele is next ahead. This would of
ecourse allow for an almost instantaneous stop if the
ear or wagon ahead should stop beeanse of a collision,
for example.

‘When approaching a ecorner the speed should be'

such that it would be possible to come to a stop before
crossing the intersecting street, and to do this in the
time remaining between the instant.at which you
might eateh sight of another car erossing your path
and the time at which your ear would reach the street
intersection. This is shown at the left of Figure 49,

In turning a eorner, whether at the intersestion of
another street or road or where the road on which you
zre traveling turns, it should be made o habit to
follow & path that always keeps yonr car on the right-

hand side of the center line of the road or on the,
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right of a point where the center line of two inter-
seeting thoroughfares eross each other. This will re-
sult in turning a long eorner when ths turn is mn_du
to the left because in going around the center point
yon will have to keep to the right-hand side which is
the ontside of the curve. When turning to the right
a short eorner will be turned because you will follow
the inside of the curve. This method is shown by the
full lines in the two right-hand diagrams of Figure
48. Dotted lines show the wrong way of turning. The
left diagram shows the passing of approaching cars.

S
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Figure 48.—Passing Other Cars and Turning Corners.

Tn many localities it will be found that traffie on
certain streets has the right of way over traffic on
intersceting streets, It is generally found that traffie
on boulevards and styeet ear lines has the right of
way over streets that cross, and in some eities it will
he found that north and south bound traffic has the
vight of way over east and west, or viee versa. There
is an old rule, seldom noted, that says right-hand
traffic has the right of way on country roads. This
means that another car which will cross the road on
which you are traveling should be allowed to cross
in front of your ear provided the other car is ap- °
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proaching from your right, while if it is approaching
from your left you are supposed to cross first. This
rule is not generally enough known to make it safe
to depend on the other driver’s knowing and obering
it. Figure 49, right, shows the operation.

‘When it is neccssary to elimb a rather steep hill it
is generally best to increase the speed of your car
until it reaches about twenty miles an hour, and if
this is done it will usually be found possible to elimb
any ordinary grade with the high speed cluteh en-

4 J L

Figure 49.—Drivers Vislon at Corners and Right Hand Rule.

ged. This advice wounld not apply unless the road
leading up the grade is free from sharp eurves so
that it may be seen for a considerable distance ahead.
As the engine slows down in making the climb, the
spark lever should be retarded or pushed away from
the driver a notch at a time and the throttle lever
should be left in a wide open or a nearly wide open
position. If the ear runs almost to the top of the
ineline in high gear, but seems to be slowing down
to such an extent that the summit cannot be reached,
it will generally be possible to finish the elimb on
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high gear if the cluteh pedal is pressed a Iittle so
that the plates in the clutch are allowed to slip a
trifle and thus allow the engine to again increase its
speed and power while keeping up the application of
driving effort to the rear wheels. This slipping of

Figure 50.—Ttight and Wroni Way of Turning Sharp Corner.
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Figure §l—Passing Trafic Going Same Dircction.

the elutch should not be indulged in for more than a
very short anee as it will damage the meehanism
and it is very easy to press the pml..l forward into
Jow speed for whatever distanee remains on the hill
being negotiated
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In climbing a very steep hill it may be found that
the fuel supply in the tank has reached such a low
level that it will no longer flow to the earburetor be-
eause of the fact that the inclined position of the car
Drings the carburetor bowl higher than the bottom
of the gasoline tank. Should such a thing happen,
the hill may be surmounted by turning the car around
and backing up because this reversed position will
bring the bottom of the tank much higher than the
earburetor—in_ fact, it will be higher in proportion
to the steepness of the grade.

In coasting down hill the ear may easily attain a
speed much in excess of the one at which the driver
thinks he is traveling. This speed will be realized
when the brakes are applied, because if either the
right or left hand brake is tighter than the other one,
one of the wheels will Jock and a more or less serious
skid will almost inevitably result.

The driver of a car should familiarize himself with
the local police and traffie regulations of the town
or city in which he operates a machine, Some of
these regulations are in foree in all localities. Among
these are the rules: Keep to the right. In passing a
ear going in your direction, go to the left. Always
be prepared to mect emergencies. Do not eut di‘ag-
onally across the street. Hug the curb in making
the short turn at a corner. Always go around the
center of the street intersection in making the long
turn. Extending the arm to the right or left will
indieate to the driver behind the direetion in which
you expect to turn. See Figures 48 to 51,

It is sometimes a question in a driver’s mind just
how to pass over a section of road that has been
freshly covered with loose sharp gravel which pre-
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sents many cutting edges and points to the tires. If
the troublesome part of the road is very long it will
be best to come down to a moderate speed and then
maintain this speed with as little use of the thrattle,
cluteh and brakes as is possible until the st have
been passed. Quick stops or quick aceeleration will
increase the liability of dnmage to the tires. If the
streteh of stony road is comparatively short the tires
will receive the least damage if the car speed is in-
creased to a moderate extent so that, when the stones
are reached, the elutch may be released and the ear
allowed to coast over the bad part of the road on its
own momentum and without the application of
eithes brakes or power,

The driver may sometime find himself in the pre-
dicament of having a tire so damaged that it is im-
possible to make a roadside repair, and at the same
time be withont a spare tire of any kind. This means
that the ear must either be left where it is or else
driven in on the rim and without any tire. If the
casing is so badly damaged that it will be of no fur-
ther use anyway, it will be hest to remave the tube,
if this is not considered too much work, and to then
drive along very slowly with the easing replaced on
the rim. The easing will probably become so loosened
within a short time that it will come off the vim, but
it will stay on mmch longer withont the tuhe than
with it. ould it be found that the easing is worth
an attempt to save it so that future repaivs may be
made, it should be removed from the rim, after which
the car may be slowly driven with the rim itself
rolling on the roadway. This will often be the best
thing to do because a wheel does not cost nearly as
much as a new casing. Running for any distance
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on the rim will tend to loosen the wheel spokes in the
hub and felloe and also to damage the rim.

‘Whenever it becomes necessary to tow another car,
or when it is necessary for your car to be towed by
another, care should be exercised as to the selection
of a point for attaching the tow line to both cars.
The line should be attached to the towed ear at the
front axle and rather near one of the spring supports
rather than at the center. The line should be at-
tached to the towing ear around the rear axle and at a
point near ane of the spring supports. It is gener-
ally best to use a rope or line that will allow a dis-
tanee of about fifteen to twenty feet between the cars,
as this will allow the driver of the towed car to vhcck
the motion of his car in time to avoid collisions with
the one ahead. The danger of a long tow line is that
persons erossing the street or road on which the cars
are traveling may accidentally fall across the tow
with imminent danger of being run over by the rear
ear.

In Figure 52, at the left, is shown the method of
turning completely around a traffic post by first
drawing toward the center of the street, then turn-
ing short around the post and back along the right
hand edge. In the center of Figure 52 are shown
the paths of slow moving traffie (heavy lines) near
the curb and fast traffic (light lines) near the center
of the street. At the right is shown the path of a
car making a complete turn in a narrow street.

The two left hand diagrams of Figure 53 illustrate
the danger of running alongside a street car at a
corner where the ear turns, Should the car turn to
the left, its rear end will swing out and may leave
little or no clearance between it and the curb, If
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the turn is to the right, the center of the car will
approach the curb. The right hand diagram shows
the proper way of avoiding collisions.

Aceidents of various kinds may happen to anyone
and they may happen to you. The most eommon
accident is a collision with another automobile or

- A

Flgure 35—Turning Around Center Post; Fast and Slow
‘Trafic and Turning In Narrow Btreet,

r

Flgure $3—Accldents to be Avelded.

with a railroad ear. A word of advice may be given
that in case of an impending collision and when it is
impossible to avoid it, steer your ear in the same
direction that the other vehicle is moving. This will
minimize the force of the impaet and will probably
prevent anything more serious than bent fenders or
a jammed body.
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As gasoline does not vaporize readily in rold
weather, it is naturally more diffienlt to start the
engine under such conditions, The usual method of
starting the engine when eold is to turn the carbure-
tor dash adjustment one-quarter turn to the left in
order to allow a richer mixture of gasoline to be
drawn into the eylinders; then hold out the priming
rod which projeets through the radiator while ¥ou
turn the erank from six to eight quarter turns in
quick suceession.

Another methed of starting a cold engine is as fol.
lows: Before throwing on the mangeto switch, elose
the throttle lever and hold out the priming rod while
¥ou give the erank several quick turns, Then let o
of the priming rod and make sure that it goes back
all the way. Now place the spark lever in about the
third noteh and advance the throttle lever several
notches. Turn the switch to the side marked Mag-
neto and givesthe erank one or two turns, when the
engine should-start. After starting the engine it is
advisable to advance the spark eight or ten notches
on’the quadrant and let the engine run until thor-
oughly heated up.  If you start out with a cold engine
you will not have much power and are liable to staii.
The advantage of turning on the switeh last, or after
priming, is that when you then give the erank one-
quarter turn there is plenty of gas in the
keep the engine running, thereby eliminating the
trouble of having the engine start and then stop.

After the engine is warmed up, turn the carburetor
adjustment back one-quarter turn.

Starting is made much casicr by the introduction
of liguid fuel into the combustion space of the engine.
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In the case of a Ford car equipped as it leaves the
factory this may only be done by removing the spark
plugs and injecting a small amount of gasoline, then
replacing the plugs before eranking the engine. This
method entails considerable effort and delay and the
same result may be accomplished if the engine is
equipped with a type of spark plug which is fitted
with a small pet-cock or priming enp. This priming
enp may be opened and the fuel injected very easily.
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Figurs 54—Chart for Anti-Freeze Solutions.

In extreme cold weather it may be found that the
grade of gasoline now being furnished does not va-
porize readily enough to start the engine, even when
the liquid is placed in the combustion chamber. In
this case it will be found that a very few drops of
ether will do the work.

The circulation of water in the Ford cooling sys-
tem does not eommenee until the water becomes heated
and it is apt to frecze at low temperatures before
cirenlation commences, The best way to avoid such
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troubles is to use an anti-freezing solution in the
radiator and cooling system. Either wood or dena-
tured aleohol will lower the freezing point of the
liquid.

The chart in Figure 54 may be used to prepare an
anti-freeze mixture by selecting the lowest probable
temperature on the left hand seale, then following
the corresponding horizontal line across to the eurve
marked with the kind of aleohol to be used. From
the intersection with the eurve, follow a vertical
line down to the percentage seale and the figure
there found indicates the pereentage of aleohol to
Le used in the mixture. For example: a wood aleo-
hol solution, to stand zero temperature, would be
25% aleohol and T5% water.

A solution composed of 60% water, 10% glyeerine
and 30% aleohol is commonly used, its freezing point
Leing about 8 degrees below zero. On account of
evaporation, fresh aleohol must be added frequently
in order to maintain the proper solution.

Glyeerine and aleohol mixed in equal quantities is
a handy liquid for preventing rain from aceumu-
lating on the windshield of a car. A small amount
rubbed on the windshield will eause the rain to run
off as vapidly as it strikes the glass,

CHAPTER IV
UPKEEP AND CARE

The appearance and value of the ear may be greatly
enhanced by giving it proper care at all times. A
great part of this care consists in lubrication and
cleanliness. The easiest way to give this care is to
do it systematically; that is, to plan the work that
must be done and then to follow this plan conscien-
tiously, The following system has been designed for
the Ford car, and, if it is followed, the results will
well repay the owner for the time spent. The points
which require lubrication are shown in Figure 55.

There are certain things that should be done at
regular intervals, and, for convenienee,’ these things
have been classified into those that should be done
every day, those that should be done every fifty miles,
every two hundred, every four hundred, every twelve
hundred and every five thousand miles that the ear
is driven. Figure 57 shows all chassis parts,

Every day the ear is run, oil should be put into the
engine through the breather pipe at the front and on
the right-hand side. Oil should be added until it
reaches some point above the lower pet-cock on the
flywheel housing, but not above the upper pet-cock.

EVERY TWO HUNDRED MILES

Every time the speedometer reaches a total mileage
which is a multiple of 200, the driver should raise
the hood and make a eareful examination for oil,
water, or gasoline leaks at any of the pipes or joints.

107
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UFKEEP AND CARE 1

The rear wheels should be jacked clear of the ground
and should then be grasped and pulled back and forth
to make sure that they are tight on the tapered end
of the axle shaft. Should any play be noticed, the
hub eap should be removed and the nut tightened or
else the key replaced with a new one,

The front wheels should then be jacked up and
tested, not only for smoothness of running, but for
side play as well. If in spinning a front wheel a
k occurs now and then, the wheel is mo-
checked, it is probable that there is a
chipped or split ball in the bearing and it should be
removed and replaced with a new one, otherwise it
may necessitate the renewal of the entire bearing. A
wheel in perfect adjustment should, after spinning,
come to rest with the tire valve directly below the
hub. Undue wear in the hub bearing, such as in the
cones, balls and races, is usually caused by lack of
lubrieation and excessive friction due to the adjusting
cone being serewed up too tight. It is a good plan
to clean the bearings frequently and keep the hub
well filled with grease.

The following points should be oiled at this time:
the front spring shackle oil caps; the steering spindle
bolts; the three ball and socket joints on the steering
rods; the vear wheel hub brake cams and the rear
spring shackle oil caps. Either oil or vaseline should
be put into the commutator at this time, the method
being shown in Figure 56. The points to be oiled at
this distance are indicated on Figure 55 by the letter
A at the end of arrows.

Keeping the commutator well oiled is a matter of
far greater importance than many drivers realize and
is necessary in order to have a smooth operating en-
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gine. Don’t be afeaid to put a little ol o the frt
mutator evry fow days, o at leastevery o hun

miles. Remember that the commatator rollor e

and without suffient nbricaton the

When in this condi-

tion perfect pechebys Al and the four

Tigure $6—Oiling the Commutator.

contact ponts s fmposible and as a roaul the angine
apt o misfire when running at a good rate of
spocd

o this oiling is done the grease eup on
s !mh ol o gheus s S o St 4 ot
all of the grease cups on the rear axle. ~Also see that
The Bl scket Soite o e steering gear are
tight.

A mixture should be made of three-fourths kero-
senc and one-fourth aleohol and about, one-half cup
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of thi mixturo should bo put into cach elinder of
tho angin wiila it 8l ot and t th an ad of ench
two hundred vill loosen
any carbon deposit pord e e

EVERY FOUR IUNDRED MILES
Tt s advisable to clean ot the crankease by drain-

sy 19 rpuat 1his aporation about cvery Thousnnd
miles.Remove the plug wnderneath the flywheel cas-
g ond d the e Replace the plug
0 g galowof b n throt
engine by hand fiten o twenty
the kevosene will thor-

kéase plug and drain the mumw
to gt a1l he kerasono out of the ns in
il e il el mduw about
the Teight of the ordinary strect curbing. Then fill
with fresh ol

The following points should be oiled at this time:
the brake pull rod brackets and the pull xod supports
on the side of the frame; the lncing between the engine
hood and the hood rest; the starting erank; the door

inges and the door locks.

Jight bodied greae o valing shold bs flaeed
in the front The grease cups at the
Yottom of ke siossing cohmmn, the oup, an e ums

e fnt and the cup s th Trout end of tho drive
slmn hiaid bo v ¢ g

o bl aind. suckat oint unde .\.»..u.  the anging
onl 25 Shs sast ok o e P
hould be examined to seo that  3s Gt The R
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trie wiring and the lamp connectors should be exam.
ined for any loosencss. The front and rear axles
should be earefully gone over to sce that every moving
part, such as the bushings in the spring conneetions,
the spring hangers, the steering knuckles and the hub
bearings are thoroughly Ilubricated and that all nuts
and connections are secured with cotter pins.  The
spring clips, which attach the front and vear springs
to the frame, should be inspected frequently to sec
that everything is in perfect order,

Each of the tires should be tested to see that it is
properly inflated. More tires give out from insufi.
cient inflation than from anything else. Air costs
nothing; tires ave expensive. Remember it is the air
in the tube that carries the load and cushions the rond.
The front tires should earry & pressure of fifty to
fifty-five pounds and the rear tires sixty to sixty-
five. In hot weather the pressure should be about
five pounds less than in cold weather on dcconnt of
the expansion of heated air. To accurately determine
the pressure a reliable pressure. gauge should be
used. In the absence of a gange, a good rule to
follow is the maintenance of sufficient pressure to
prevent the tires from bulging out under the weight
of the car. Tires should never be run partially de-
flated, as the side walls are unduly bent and the
fabric is subjeet to stresses which cause what is known
as rim eutting.

EVERY TW!

The belt which drives the fan for drawing air
through the radiator should be inspected and tight-
ened if necessary by means of the adjusting serew in
the fan bracket. Take up the slack until the fan

VE HUNDRED MILES
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starts to bind when turned by hand, but do not make
this adjustment too tight.

The entire water eirculating system should be thor-
oughly flushed out. To do this properly the radiator
inlet and outlet hose should be disconnected and the
radiator flushed out by allowing the water to enter
the filler neek at ordinary pressure, when it will flow
down through the tubes and out at the drain cock and
hose. The engine water jackets can be flushed out
in the same mann Simply allow the water to enter
the nder head connection and to flow through the
water jackets and out at the side conneetion,

The spark plugs should be kept clean and should
be replaced if they persist in not working properly.
All wire connections to spark plugs, coil box and com-
mutator should, of course, be at all times kept in
perfeet contact.

The cover of the commutator should be removed
and the inside of this device wiped out with a elean
cloth, after which a small amomnt of vaseline or oil
should be added.

The holts which fasten the engine to the frame
should be examined to make sure they are tight and
the spring shackle bolts and the spring clips should
also be inspected to make sure that none of the nuts
have worked loose,

If the spring clips arve allowed to work loose, the
entire strain is put on the tie bolt which extends
through the center of the spring. This may cause
red off and allow the frame and
body to shift a trifle to one side. It is a good plan
to frequently inspect the elips which hold the springs
to the frame and see that they are kept tight.

Each of the four tires should be examined all the

UPKEEP AND CARE us

way around its civewnferenee, and if there are any
cuts through the rubber, they should be cleancd out
and preferably vuleanized. If they cannot be vul-
ecanized, the small cuts should be filled with some of
the speeial preparations which are on the market for

such purposes.

FIVE THOUSAND MILES

The small gears which allow the driver to turn the
stecring shaft are located at the top of the steering
column and just underneath the hub of the hand
wheel. By loosening the set screw and \umx\evcing
the brass cap, after having removed the steering wheel,
they may be readily inspected and the grease replen-
ished. To remove the stecring wheel unscrew the
brass nut on top of the post and drive the wheel off
the shaft with a block of wood and a hammer.

If the springs are somewhat stiff, take a sevew
driver and pry the leaves apart near the ends just
enough to place a little lubricating oil or graphite
between them. You will find that repeating this
operation about twice a month will add materially
to the riding comfort of the car.

SYSTEMATIC UPKEEP

The following tabulation includes all of the items
of care which have been mentioned in the rommmg
pages and will make a convenient outline for use in
caring for the car.

Every Day:
Put oil through en;
lower pet-cock,

e filler until it rises above
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Every Fifty Miles:

Look for oil, water and fuel leaks,

Bvery Two Hundred Miles:

Shake rear wheels to see that they are tight,
Shake front wheels to test hearings for looseness.
Oil the front spring shackles,
il steering spindle bolts,
0il ball and socket. joints on steering rods.

Oil rear wheel hub brake cams.

Oil rear spring shackles.

Put vasclive in the commutator,

Turn grease cup on fan hub,

Turn grease cups on rear axle.

Test steering gear ball and socket joints for loose
ness,

Put Jerosene in engine eylinders while Tot,

Every Four Hundred Miles:

Oil brake rod brackets and s

Oil Tood lacing. WERES
Oil the ‘starting crank,

Oil the door hinges and locks,
Turn grease cup at bottom of stee
Turn gre up on universal joint,
Turn grease eup at forward end of drive shaft,
I:“t grease pr line in front wheel bearings,
Examine wiving for loose cor iections,

ne ball joint under e Tor looseness,

e compression of each eylinder with starting

Sxam
Test th
erank.
Test inflation pressure of each tire.

P AND CA g
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Every Twelve Hundred Miles:
Clean spark plugs and set gaps to g inch.
Clean inside of commutator.
Flush the eooling system.
Test the fan belt adjustment.
Examine engine bolts for looseness.
Test the spring shackle bolts for looseness,
Test, the spring clip nnts for looseness,
Test, the front wheel alignment.
Repair cuts in tires.

Every Five Thousand Miles:

Test body belts for looseness.
Put grease in gear case under steering wheel.
Lubricate spring leaves.

If the above ontline is followed it will mean that
the items under the fifty-mile heading will be cared
for every time the speedometer shows that this dis-
tance has been traveled. At two hundred miles it
will be necessary to go over the points under the two
hundred mile heading and also those under the fifty-
mile heading, because two hundred is a multiple of
fifty., I"or a similar reason it will be necessary, when
the four hundred mile list is cared for, to take ecare .
of these specified at two hundred miles as well as of
those called for at fifty. At twelve hundred miles
the lists for four hundred, for two hundred and for
fifty miles should also be gone over, while at the end
of five thousand miles all of the items should be
checked,

AL INSTRUCTIONS

A light grade oil is preferred, as it will naturally
reach the bearings with greater case, and consequently
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less heat will develop on account of frietion. The
oil should, however, have sufficient body so that the
pressure between the bearing surfaces will not foree
the oil out and allow the metal to come into actual
contact. Teavy and inferior oils have a tendemey
to carbonize quickly, also to gum up the piston rings
the valve stoms and the hea In cold weather
a light grade of oil is absolutely essential for the
proper lubrieation of the car. Graphite should not
e used as a lubricant in the engine or transmission
as it will have a tende: to shart-cirenit the magneto.

When it is advisable to fill the grease eups, serew
them down, then refill them with grease and repeat the
operation two or three times. Always open oil cups
by turning to the right, as this keeps tightening the
threads rather than loosening them. Qeeasionally
move the front wheels and supply grease to wea
surfaces. A drop of oil now and then in the erank-
handle bearing is necessary, also on the fan belt pul-
leys and shaft. The e shaft and nniversal
Joint were well supplied with lubricant when the
car left the factory, but it is well to examine and oil
them,

Special care should be taken to see that the wiring
and other iznition parts are kept perfeetly clean, |
e, oil, moisture or dirt on these parts will
to trouble, Whenever the engine is
1ed it s advisable to wash the radiator hoth from
the front and from the back to remove any accumn-
lations of mud or dust, which ave very detrimental
to the action of this part of the car.

When putting the top down be eareful in folding
to see that the fabrie is not pinched between the bow
spacers, as they will chafe a hole through the top

v re-
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very quiekly. Always slip the hood over the top
when folded to keep out dust and dirt.  Applying a
good top dressing will greatly improve the appear-
anee of an old top.

The top should be raised oecasionally and allowed
to remain up for a while so that the creases which
finally end iu cracks may be avoided. The top should
never be folded while it is still damp.

In washing the car always nse cold or lukewarm
water, never hot water. IF a hose is used, don’t turn
the water on at full foree, as this drives the dirt into
the varnish and inj After the mud
nd grime have been washed off, take a sponge and
clean the body and running gear with a tepid solution
of water and Ivory or linsced ol soap. Then rinse
off with eold water, rab dry and yolish the body with
a chamois skin. A body or furniture polish of good
quality may be used to add lustre to the ear, Grease
on the running gear may be removed with a gasoline-
soaked sponge or rag. The brasswork may be polished
with any good metal polish. A satisfactory body pol-
ish should not contain turpentine or acids of any na-
ture, but should have an oil base.

Tire cost vdnsl\tms one of the most important
items in the running expense of an automebile. To
get the most serviee at the least expense the tires
should be inspected froquently and all small euts or
holes properly sealed or repaired, thus preventing
dirt and water from working in between lhc rubber
tread and the fabrie and eansing blisters or sand
boils.

The chances of getting a puncture will be greatly
reduecd by keeping the tives properly inflated, as a
hard tive exposes much less surface to the road than
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a soft tire, and also defleets sharp objects that would
penetrate a soft tire. Running a tire flat, even for a
short distance, is sure to be costly. It is better to run
on the rim, very slowly and carefully, vather than on a
flat tire. Remember that fast driving and skidding
shorten the life of the tires. Avoid locking the wheels
with the brakes, beeause no tire will stand the strain
of being dragged over the pavement in this fashion.
Avoid running in street ear tracks, in ruts, or bump-
ing theside of the tive against the curbing. The wheel
rims should be painted each season and kept free from
rust. Figure 58 illustrates the effect on the tire walls
of running with right and wrong air pressure.

Fisure 58.—Right and Wrong Infiation of Tire

CARBON

A condition which contributes materially toward the
increase of earbon deposit is that of poorly fitted and
leaking piston rings. Such a condition makes it im.
possible for the lubricating il to seal the space be-
tween the piston and the eylinder walls, and the result
is that an exeess of oil is drawn up into the eombustion
space during the inlet stroke when there is s
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vacuum and a considerable suction in this part of
the engine. Figure 59 shows points of deposit.
Carbonization of the engine will aways resalt from
the use of a poor grade of oil and it will also result
from the use of an oil which is either too light or too
heavy. Carrying the oil level so high that the exhanst
becomes smoky every time the engine is raced will also
do its part toward inereasing the amount of earbon,
After a certain amount of this earbon has been de-
posited on the walls of the eombustion chamber it

! 7 4
2 A1
L Iy R
3 5
i ’
| i "

[l

Carban Deposit, 1—Combustion Space, 2—Platon
ing Grooves, i—Valve Face, 56 Valva Stem.

acts to materially reduce the volume of the compres-
sion space and the resulting inercase of pressure at
the end of the compression stroke tends to make the
engine more liable to predgnition, An engine will
stand quite a deposit of carbon without the com-
pression being raised to a dangerous point, but if the
depasit inereases beyond this point trouble will follow
and will manifest itself in knocking at low speed and
whenever the engine is pulling hard.

After the carbon deposit reaches a certain thick-

ness it will separate into flakes and the edges of these
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flakes will curl np away from the iren of the eom-
bustion space. Carbon is not a good conductor of
heat and these eurled up portions soon become red
hot from the heat of the power strokes. These
red hot points will remain at this high temperature
during the exhaust stroke, and when fresh gs is
admitted to the ecylinder, it will ignite before the
piston reaches the top of the compression stroke.
This netion is ealled pre-ignition. It causes heavy
pounding and is very destructive to the bearings as
well as seriously diminishing the power output of the
engine heeause of the force which is exerted on the
crankshaft in a reverse direction.

One of the surest ways to prevent deposit of carbon
in the engine is to cut down the fuel supply by turning
the dash adjustment to the right while the engine is
running and after it is hot. This eutting of the gaso-
line proportion in the mixture should be continued
until there is a noticeable decrease in the speed of the
engine or until there is a spitting or popping back
through the carburetor. The dash adjustment should
then be turned a very little to the left and allowed
to remain there. Flooding of the earburetor in start-
ing and too rich a mixture in running is sure to cause
the formation of a great deal of soot in the engine,

0il should never be poured into the engine through
a filler that has become covered with dust and sand,
becanse these lmpum)es will be earried into the oiling
system and will do serious harm. It is a mistake to
use a very light bodied oil beeause such an oil, while
operating at high temperature, will become so thin
that it is of little value. It is also a mistake to use
an extremely heavy oil with the expectation that it
will cause an engine in poor condition to run properly.
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Tt is not possible for any oil to make up for leaky
yings or loose bearings. Using an oversupply of oil for
the same purpese does no good and in fact does pos-
sible ot in adding to earbon deposits.

The uscr of a ear shonld not fail to drain the old oil
out of the crankease at proper intervals, After the
oil has been drained away the erankcase should be
washed out with kerosene before putting in a fresh
supply of lubricant. Systematic regularity in doing
this work and also in supplying oil and grease to all
parts of the car is a sure method of sccuring freedom
from small troubles while driving. Proper oiling is
the most important thing to look after in the operation
of an automobile because a majority of troubles arise
in this dircetion.

In selecting an oil for use its viscosity cannot be
properly judged while it is at atmospherie tempera-
ture. The heat causes it to become thinner when in
use in the engine. No grease that is not of the semi-
Auid type should be used exeept in some of the grease
cups. When a hard grease is used in the rear axle
housing or in the wheel bearings, the revolving parts
simply ent a track throngh the body of the grease
and thereafter obtain very little lubrication.



CHAPTER V
POWER PLANT REPAIR

It is the intention in the following pages to give
the user of a Ford car such practical information as
i8 necessary in making all ordinary adjustments and
repairs. It is not intended as a complete manual of
motor car mechanics, but more as a simple explana-
tion ealled for by the Ford car as distinet from all
other cars,

It is very seldom necessary to remove the engine
from the frame, but should it be desirable to do so,
there is a right way to handle the work, and this way
is described below and shawn in Figure 60.

Fivst, drain the water out of the radiator and dis-
connect the radiator hose, Second, disconnmect the
radiator stay rod which holds it to the dash. Third,
take out the two bolts which fasten the radiator to
the frame and take the radiator off. Fourth, dis-
connect the dash at the two supporting brackets which
rest on the frame. Fifth, loosen the steering post
bracket which is fastened to the frame, and dash
and steering gear muay then be removed as one assem-
bly, the wires having first been disconnec ixth.
take out the bolts holding the front rad rods in
the socket underneath the engine erankease. Sev-
enth, remove the four bolts at the universal joint,
Eighth, remove the pans on either side of eylinder
casting, turn off the gasoline and disconnect the feed
pipe from the carburetor. Ninth, disconnect the ex-
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Figure §0.—Removing t
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haust manifold from the cxhaust pipe by unscrewing
the Jarge brass packing nut. Tenth, take out the
two eap screws which hold the erankease to the front
end of the frame. Eleventh, remove the bolts which
hold the erankease arms to the
Then pass o rope through the ope
two middle eylinders and tie in a loose knot. Through
the rope pass a , or a stout ivon pipe about ten
feet long, and let 2 man held each end. Let a third
man take hold of the starting erank handle and the
whole power plant ean be lifted from the car to a
work beneh for adjustment,

N

Figure CL—Attaching and Spacing Piston Rings,

With the eylinder head off and the conneeting
zod caps removed, the pistons and rods may be taken
ot from the top of the engine,

Pi

Lift
until
you can slip a thin picce of metal, sueh as a picee of
hack saw blade, under the end of the ring, thus hold-
ing it up out of the groove. This picee of metal
should point up and down the length of the piston
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and should be slid around under the ring until it is
direetly oppasite the opening in the ring.

As this picee is pushed away from the opening,
another similar picce is placed under the end of the
ring so that the end will not again enter the graove.
Leave this sceond picee near the opening and put a
third picee under the other end of the ring and a
little way from the opening. When these three picces
are in the right position the ring will be raised en-
tirely out of the groove and will rest on the short
picces.  The ring may then be pulled up and off the
piston. .The niethod is shown in Fignre 61,

To replace the rings: Open the ring just enough
to slip it onto the top of the piston and then place
the metal strips in the same position as for removing
the ring. Slide the ring down until it is over its
groove and pull the metal strips out, thus allowing
the ring to fall into place. Tt is important to take
the top off first and to put the bottom ring on first.

Before placing the rings in their grooves see that
they fit properly by rolling the ring all the way
around in the groove before attempting to put it on
the piston. If the ring binds at any point ent it
down with a fine file until it is an casy fit all around.

The openings in piston rings that are next to each
other must be as far apart as possible so that escaping
gas will have to travel a long distance around the
outside of the piston before getting past the last ring.
There are three rings and the opening in the second
one should be one-third of the distanes around the
piston from the opening in the first one, and the
opening in the thivd should be another third of the
way around from the opening in the sceond.




128 TORD MOTOR CAR

Compression Loss—Three out of the four strokes
of the gasoline engine depend for their effeetiveness
on the fact that the combustion space and interior of
the eylinder ave perfectly gas tight except for the
valve openings,

Figure 62.—Points of Compresslon Loss.

These strokes are the inlet, the compression and
the power. The inlet stroke would not be cffective
were it possible to draw gas or air from any other .
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source than the carburetor. The gas could not be
eompressed to the proper degree if it eould eseape
through any openings whatever. Much of the effort
of the power stroke would be wasted if the expanding
gas could eseape in place of pushing on the piston.

As the word compression is used in automebile
work it really means gas tightness. If there are no
appreciable leaks from the combustion space the en-
gine is said to have good compression. If the gas
can find any woy out of the cylinder other than
through the valve openings with the valves open it
is said to have poor compression.

Considered in this way, is one of the
most important things in antomobile work, and this *
word is naturally in constant use among these engaged
in repairing,

It may be possible for the gas to find any one of
several chances to eseape through openings or leaks
around the valves and valve parts. The most com.
mon point of leakage is between the valve face and
valve seat. The face and scat of poppet valves are
tapered and ground to an accurate fit on cach other,
so that, when the valve is closed, a gas-tight fit is the
result.  The valve head raises from the scat and goes
back to it many thousands of times an heur while
the engine is running and the flow of burning exhanst
gas over the face and seat finally pits the metal until
it can 1o longer make a good fit. Particles of dirt
or carbon often Jodge between the valve face and seat
and cause the valve to remain partly open so that
the gas can cseape. These troubles eall for valve
grinding, which is deseribed later,

The valve stem passes through an opening called
the valve stem guide. This guide serves to keep the

g
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valve in the proper position for correct seating. If
the stem beeomes warped or bent it will bind and pre-
vent the face from coming down onto the seat with
a gas-tight fit. The stem may have a ridge or shoul-
der worn on it, and this shoulder will eatch on the
\:leor edge of the guide opening and prevent proper
ng.
he vaives are held onto their seats by means of a
etrong cailed spring.  Should this spring break or
beeome wealk, the face will no longer be puiled onta
the scat tight enough to make a proper fit, These
troubles ave all shown in Figure 62, Carbon deposit
is also responsible for much of this elass of tronble.

Once the carbon deposit has formed in sufficient
quantity to give tronble from pre-ignit it will be
necessary to remove it by taking the eylinder heads
off and using a scraper on the various parts until
the carbon has been separated from the iron at all
points. This work should be done as fallows:

First, drain the water by opening the pet-cack at
the bottom of the radiator; then disconnect the wires
at the top of the engine and also disconnect the radi-
ator connection attached to the engine. Remove the
fiftecn bolts which hold the eylinder head in place.
Take off the cylinder head and, with a putty knife
or serewdriver, serape from the eylinder and piston
heads the earbonized matter, being eareful to pre-
vent specks of carbon from getting into the eylinders
or into the bolt holes. In replacing the eylinder head
gasket, turn the erank so that number one and number
four pistons arve at the top center; place the gasket in
position over the pistons and then put the eylinder
head in place. Be sure and draw the eyl linder head
bolts down evenly by giving each bolt a few turns at'/
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a time, Do not tighten those on one end of the engine
liefore drawing them up at the other. See Figure 63,

A method of carbon removal that is easier of ap-
plication than the one just mentioned, and which
wives equally good results when properly done, is that
known ns the oxyzen proeess. This method requires
that the gaseline supply be shut off and the engine
run until all fuel is exhansted, after which the piston
of the eylinder to be treated is brought to its upper
dead center and allowed to remain there. A jet of
pure oxygen under slight pressure is then introdneed
into the eombustion space throngh a flexible nozle
and a flame is applied at the nozzle opening. The

Figure 63.—Order in Yhich Cvlinder Head Dolts are
Tightencd,

earbon will take fire in the presence of the oxygen
end will burn with great rapidity and a large volume
of sparks.  When burning does not continue the ear-
hon has been removed

Valve Timing—We have seen that the inlet valve
must be open during the inlet stroke and that the
exhavst valve must be open during the exhaust stroke.
Placing the timinz gears in mesh with their teoth to-
gother so that these valves will open and close at
Just the right time is known as valve timing.

When the mixture of gasoline vapor and air is
compressed and fired by the spark it makes a very
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high pressure, This pressure drives the piston down
in the cylinder until the piston moves as far as the
crankshaft and connecting rod will lot it go. The
piston is then at the bottom of the stroke and must
eome back.

Ezhanst Valve Tining.—I¢ the exhaust valve did
not open until the piston was at the bottom of the
stroke the opening wonld take place while there was
a great deal of pressure in the eylinder, and inasmuch
as the piston must start back toward the eylinder head
immediately after bottom center, the piston would
be pushed back against this pressure. A large amount
of power would be required to force the burned gas
out of the cylinder while the gas was under so much
Ppressure, and this useless waste would prevent the
engine from delivering as much power as it should.
The work that the piston would have to do in pushing
back against the pressure loft in the cylinder would
use up some of the encrgy stored in the flywheel, and
there would not be as much power left to drive the
ear as there would be if the burned gas could be gotten
out of the eylinder before the piston starts back,

In order to get this burned gas out of the cyvlinder
as s00n as possible, so that the piston will not have so
much work on the return stroke, the exhaust valve is
made to open while the piston is coming down on the
power stroke. That is, the exhaust valve will open
before the piston gets to the Jower end of the pewer
stroke and will start to let the burned @as out so
that the pressure will be greatly reduecd by the time
the piston docs start back on the exhaus stroke,

The exhaust valve then stays open during the bal-
ance of the power stroke, all through the up stroke,
and for a short time after top center. Onc of the
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most important things to remember in valve timing
is that the inlet valve must not open until after the
exhaust valve is fully closed. The rule to follow in
setting the opening of an inlet valve is to have it
open just as soon after the exhaust valve eloses as is
possible without having both valves open at the same
time. Figure 64 shows the opening and elosing.
Inlet Valve -Timing.—As the piston travels down

EXHAUST
OPENS

Flzure §4—Mcasurements for Exhaust Valve Timing,

on the inlet stroke the inlet valve will be open and
the mixture will enter the eylinder through the inlet
valve openin, While the engine is running, the
piston moves down in the eylinder at a high rate of
speed and the result is that the eylinder is not com-
pletely filled with mixture beeause the mixture that
comes in is stretehed out in the same way that the air
is stretehed in a pump when the handle is pulled.
After the plunger of a pump is at the end of its
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stroke aid will still come into the tube of the pump.
In the same way the mixture will still come into the
exlinder of the gasoline engine aiter the piston has
moved clear to the bottom of the inlet stroke. The
mixture that still keeps coming in fills up the eylinder
st that the gas is no longer stretched out.

In order to get a eylinder full of mixture the gas
i sllowed to flow in after the piston has reached the

Figure §5.—Measuremenia for Tnlet Valve Timins.

bottom center. It would not be practieable to stop
tae engine every time it comes to this point while the
extra mixture comes into the eylinder, so the inlet
valve is allowed to stay open after hottom center.
The points of inlet valve opening and closing, also
the piston travel, are shown in Figure 65,

In the Ford engine only one camshaft is used. This
one eamshaft carries all the eams. When the engine
was built the cams were placed in their proper posi-
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tions at the factory so that they open and closa the
valves at the proper time aceording to the speed and
size of the engine. It is not possible to change the
location or position of the eams on the shaft, so it is
clear that if one eam is placed in position so that it
opens and closes its valve at the proper time all the
other cams will be set in the vight place by the same
operation. The valve position and order of firing

Figure §6.—Firing Order of the Ford Englne.

whieh determine the cam settings are shown in
Figure 66.

As long as the shape and size of the cams decide
how long the valves will stay open, and the placing of
the cams on the shaft decides how the inlet valves
work relative to, the exhaust valves, there is no use
in attempting fo sct more than one position of one
kind of valve. All the other openings and closings
will then take care of themselves.

As already mentioned, the valve push rods may
have been fitted with adjusting serews in the upper
end. Some ears are without adjustment, in which
ease it is necessary to fit adjustments in the repair
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shop or else get new push rods, new valves, or both,
when wear takes place.

Some engines have no adjustment on the push rod,
but do have one on the end of the valve sten, This
is wsually taken care of by eutting a serew thread
on the lower end of the stem and serewing a nut and
Jocking device onto the end of the valve stem. This
serves the same purpose as the push rod adjustment.

There must always be a small space between the
lower end of the valve stem and the upper end of
the push rod. This space is left so that when the
valve heats up and the stem expands the valve will
still be able to close. If the end of the stem touched
the end of the push red with the engine cold, the
valve would be held off its seat when the stem heated
and got longer. This space should be equal to the
thiekness of a thin ealling or business card, The less
space at this point the quieter the engine will run.

The following rules should be noted. The truth
of these statements will be seen if you consider the
subject carefully. Lengthening the push rod adjust-
ment by bringing the end of the valve stem and the
push rod claser together opens the valve sooner and
eloses it later, so that the valve is held open longer.

Shortening the push rod adjustment by moving the
end of the valve stem and the push rod farther apart
opens the valve later and eloses it carlier so that the
valve is not held open so long.

Figure 67 shows the effeets of various adjustments
of the valve stem clearance, At the left, the spaee
is too great, and with the cam revolving anti-clock-
wise, it will require a movement of the erankshaft
equal to the travel between the dotted line and full

T

POWER PLANT REPAIR 137

Jine positions before the valve will open; that is,
the D?)ening will be too late by this amount. At the
center is shown the correet elearance, with the valve
operating with the erank as shown. .

At the right is shown the effect of too little _clu\-
anee and the valve is operated with thc_ erank in the
position shown by full lines, in place of in the eorreet

Clearance Too Great  Correat Clearance Too Little Clearance
Valve Stem

Valve Lifier

Timing Gears \ Crak Pu&hinn/

Figure 61.—Effect of Various Amounts of Vaive Clearance,

position as shown by the dotted line outline. This
ould cause too carly opening or else would tend to
keep the valve oft its seat at all times. s
I{eliming s seldom necessary. If the eamshaft I:‘
removed for any reason care must be faken to re-
place it so that the tooth of the small timing gear
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whi:hbi: ind.iea}tLEd by a zero mark on the gear will
mesh between the two teeth of the large timi

at the zero mark. - e
< _In fitting the large timing gear to the camshaft it
is important to see that the first cam points in a diree-
tion oppesite to the zero mark as shown in Figure 68.
The timing gears being properly set, the exhaust valve

Flgure ¢8.—Setting the Timing Gears.

on number one eylinder is open and the intake valve
elosed.

The !:perntinn of the opening and closing of the
valves is as follows: The exhaust valve opens when
the piston reaches within f of an inch of bottom
center, the distanee from the top of the piston head
to the top of the cylinder casting measuring 335 inches,

_’l‘he exhaust valve will close on top center, the piston
Deing iy of an inch above the edge of the eylinder
casting. The intake valve opens 7 of an inch after
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top eenter and closes y of an inch after bottom cen-
ter, the distance from the top of the piston to the top
of the cylinder casting measuring 814 inches,

The clearance between the push rod and valve stem,
as shown in Figure 69, should never be greater than
1/32 of an ineh nor less than 1/64 of an inch. The
correct clearance is naturally half way between these
two measurements, The gap should be measured when
the push rod s on the heel of the cam.

¥

Figure §3.—Operation of Cam and Valve Push Rod.

Valve Grinding.—The valves seldom get out of or-
der, but they do get dirty as a vesult of carbon collect-
ing on the valve seats. These carbon deposits, by pre-
venting proper closing of the valves, permit the gases
under compression to eseape, resulting in losi of power
and uneven running of the engine, If, when cranking
the engine slowly, there is a lack of resistance in one
or more eylinders, it is probable that the valves need
regrinding. As the power of the engine depends
largely upon the proper seating of the valves it is
necessary that they be ground cecasionally.

To vemove the valves for grinding, first drain the
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radiator ; second, remove the eylinder head ; third, re-
move the two valve covers on the right hand side of
the engine; fourth, raise the valve spring with a
spring 1ift tool, as shawn in Figure 70, and pull out the
little pin under the washer, The valve may then be
lifted out and is ready for grinding.

For this work use a good ing paste of ground
glass, fine emery or earborundum and oil, any of

o Valva Stom Liftor,

which are proeurable from auto supply houses, A
eonvenient way is to put a small amount in a suitable
dish, adding a spoonful or two of kerosene and a few
drops of lubricating oil to make a thin paste.

Place the mixture sparingly on the bevel face of
the valve. Put the valve in position on the valve
seat and rotate it back and forth (about a quarter
turn) with a tool, as shown in Figuve 71, Then lift
the valve slightly from the scat, change its position

TR 1
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and continue the rotation. Repeat this operation until
the bearing surface is smooth and bright after being
washed off with gasoline or kevosene,

The valve should not be turned through a complete
revolution, this is apt to cause scratches rumning

e Valve Grinding Tool,

around the entire circumference of the valve and seat.
When grinding is completed the valve should be Te-
moved from the eylinder, thoroughly
kerasene,
Extreme o
stance gets

b-
This

to the cvlmden or valve guides.



1z FORD MOTOR CAR

ean be avoided if the grinding paste is applied spar-
ingly to the bevel face of the valve.

If the valve seat is badly worn or seamed, it is best
to have it reseated with a valve seating tool. This
operation reqlires considerable skill, and perhaps
had better be done by an expert mechanic. Care
should be exercised against making too deep a cut,
necessitating the retiming of the valve.

When the valves, or push rods, become worn, o as
to leave too much play between them, and thus reduce
the lift of the valves and power of the engine, it is
best to replace the push rods with new ones, If the

Face Ridged, Pincd or Wora to
“Thin Edge

Carban on Stem Stem Worn and Grooved

Figure 12.—Troubles Affecting o Poppett Valve.

clearance is too great, the valve will open late and
close early, resulting in uncven running of the engine.
If the clearance is less than 1,64 of an inch there is
danger of the valve remaining partly open all the
time. If replacing the push rod does not give the
proper clearance, the valve also should be veplaced.
Drawing out the valve stem is not recommended as
the operation requires experience, and the price of the
new part does not warrant the time and expense neces-
sary to do the work properly.

When the valves fail to seat properly therce is a
possibility that tne springs may be weak or breken.

i bl
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A weak inlet spring wonld probably not affeet the run-
ning of the engine, but weakness in the exhaust valve
spring eauses a very uneven action, the eause of which
is difficult to locate. The symptoms are a lag in the
engine, due to the exhaust valve not elosing instan-
tanconsly, and as a s-esull a eertain pereentage nf Ihe
eharge un(l(-r P pes, greatly diminish

the foree of the explosion, weakuw in a valve spring
eanusually be detected by the following method :
Remove the plate which eneloses the valve stems at
the side of the eylinder and insert a serewdriver be-
tween the eoils of the spring while the engine is run-
ning. If the extra tension thus produeed causes the
engine to pick up speed, the spring is obviously weak
and should be réplaced with a new one.

BEARINGS

Bearing Adjustment—It is necessary that a bear-
ing make an almost perfect fit around its shaft. The
shaft itself must be perfectly round and of the same
diameter at all points along the length of the bearing.
The bearing should fit elosely enongh so that there is
1o noticeable play when moved by hand and still ba
free enough to allow the shaft to turn withont undne
resistance from the bearing surface. It will be real-
ized that this requires very ecareful and aceurate
fitting.

When a solid plain bearing becomes loose on the
shaft it cannot be refitted satisfactorily and should be
replaced with a new one.  Several makeshifts may be
used when it is impossible or undesirable to replace
the bearing. The best of these methods consists of
turning out the inside of the bearing on a lathe until
it clears the shaft by about 1/16 of an inch all around.
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"This space is then poured full of babbitt which forms
u new lining.

Split bearings are usually provided with small
pieces of rather thin metal which hold the halves of
the bearing apart. These pieces are called shims.

Figure 75.—Connecting Rod Bearing Fltted With Shims,

When excessive looseness develops in the hearing one
or more of these pieces may be removed from between
the halves of the bearing and with the halves closer
{ogether o large part of the play is removed,

The bearing eap should be removed and the thin-
nest shim removed from cach side. The cap is then
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replaced and the shaft tarned in the bearing. If too
tight to turn freely, one of the shims whieh was re-
moved, or another shim thinner than these removed
should be replaced and another trial made. If, with
ane shim removed from each side, the play is still too
t the cap is again yemoved and another pair of

L
shims removed. Shims should be removed or replaced,
always keeping approximately the same thickness on

each side of the eap, until the play has been removed
without preventing free turning.

It is important that the shims extend frum the
surface of the shaft clear to the ounter edges of the
cap and holder and that they entirely eover the edges
of the bearing in the eap and also the eap itscli. The
shim must entirely fill the space between the halves
of the bearing of the cap and of the stationary part
of the holder.

Figure 73 shows the fitting of the lower conneet-
ing rod bearing with shims,

After a bearing is fitted it should be tested as fol-
lows: Remove the eap and elean the inner surface of
the bearing and the surface of the shaft with gasoline
or kerosene. Then secure a tube of Prussian blue,
which is a kind of ink, and with the tip of the finger
smear the blue over the surface of the shaft only. As
much as can be picked up an the tip of a small knife
blade is enough for one application. With the biue
evenly distributed, replace the bearing and tighten
the bolts and nuts.

Turn the shaft or bearing onee or twice around and
again remove the bearing. Wherever the bearing
touched the shaft will be indicated by a blue coating
on the bearing surface. With a bearing ndjusted by
removal of shims it will be found that the hottom and
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top of the bearing will touch the shaft but that the
parts of the bearing nearer the joint between the two
halves do not towch. This fault, which is shown in
Figure 74, cannot be overcome except by the process
of seraping to a true fit,

Should the connceting rod bearing become worn or
burned ont throngh lack of oil, a knoeking in the
engine will result, in which case the entire connect-
ing rod may be replaced. To make this replacement,
the oil from the erankease; seeond, take
off the eylinder head; third, remove the detachable

Flgure T4—Effect of Shim Removal on Loose Bearlng.

plate on the bottom of the crankcase; fourth, diseon-
neet the connecting rod from the erankshaft, and
fifth, take the piston and rod out through the top of
the exlinder,

Conneeting rod hearings may be adjusted without
taking out the engine by the following method : First,
drain off the oil, seeond, remove the plate on the bot-
tom of the erankease which exposes the conneeting
yods; third, take off the first eonnecting Tod cap and
draw-file the ends a very little at a time; fourth,
replace the eap, being careful to sce that the punch
marks correspond and tighten the bolts until the bear-
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ing fits the shaft smgly; fifth, test the tightness of
the bearing by e g the engine; sixth, loosen the
bearing and proceed to fit the other bearings in the
sume manner; seventh, after each bearing has been
properly fitted and tested tighten the cap bolts and
the work is finished. ’

R ber that there is a ibility of getting the
bearings too tight, and under such econditions the
Dabbitt is apt to cut out quickly unless precaution is
taken to run the engine slowly at the start. It is a
good plan after adjusting the bearings to jack up the
rear wheels and let the engine run slowly for about
two hours, keeping it well supplied with water and
oil.

Worn connecting rods may now be returned, pre-
paid, to the nearest Tord agent or branch house for
exchange at a priee of seventy-five cents each to cover
the cost of rebabbitting. It is not advisable for an
owner or repair shop to attempt the rebabbitting of
conneeting rods or main bearings, for withont a spe-
cial jig in which to form the bearings satisfactory

Tosults will probably mot be obtained. The eonstant

tepping of a loose conneeting rod on the erankshaft
will eventually produce erystallization of the steel,
resulting in a broken erankshaft and possible damage
ta other parts of the engine.

Should the stationary bearings in which the erank-
shaft revolves become worn it will become evideneed
by a pounding in the engine. In replacing or adjust-
ing these bearings proceed as follows: .

First, with the engine out of the ear, remove the
erankease, the transmission eover, the eylinder head,
the pistons, the conneeting rods, the transmission and
the magneto eoile, Take off the three babbitted caps
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and clean the bearing surfaces with gasoline, Apply
Prussian blue or ved lead to the erankshaft bearing
surfaces, which will enable you to determine whether
4 perfect bearing surface is obtained in the same way
as deseribed for fitting the conneeting rods.

Seeond, place the rear eap in position and tighten
it up as much as possible withont stripping the bolt
threads. When the bearing has been properly fitted the
erankshaft will permit moving it with one hand. If
the erankshaft cannot be turned with one hand the
contact between the bearing surfaces is evidently too
close, and the cap requires shimming up, one or two
brass liners usually being sufficient. In case the
crankshaft moves too easily with one hand, the shims
should be removed and the steel surface of the eap
filed off, permitting it to set closer around the bearing.

After removing the cap, observe whether the blue
or red spottings indieate a full bearing for the length
of the eap. If spottings do not show a true bearing,
the babbitt should be scraped and the cap refitted
until the proper results are obtained.

Fourth, lay the rear cap aside and procecd to
adjust the center bearing in the same manner. Re-
peat the operation with the front bearing while the
ather two bearings are luid aside,

Fifth, when the proper adjustment of each bearing
has been obtained, elean the babbitt surface carefully
and place a little lubrieating oil on the bearings, also
on the erankshaft; then draw the caps up as closely
s possible with the neeessary shims in place, Do not
be afraid of getting the -eap bolts too tight, as the
shim under the cap and the oil hetween the be
surfaces will prevent the metal being dvawn i
close eontact. If oil is not put on the bearing surface,
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the babbitt is apt to cut out when the engine is started
and before the oil in the erankease ean get into the
bearing. In replacing the erankease and transmission
cover on the engine it is advisable to use a new set
of felt gaskets to prevent oil leaks.

Figure 75.—Plston and Wrlet Pin Construction.

The Ford engine uses plain bearings for the erank
shaft, conneeting rods, camshaft and wrist pins. In
Figure 75 the wrist pin bearing is shown and it will
be seen to consist of two bushings, one at cach end
of the pin, whieh ave pressed into the piston bosses
ond in which the ends of the pin oscillate,
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Seraping Bearings—This is done with a tool ealled
a bearing seraper which is made with a blade having
two or three sharp corners or edges and held in 2 wood
handle. The blade may be three-cornered or flat.

The bearing, with the Prussian blue or red lead still
on the surface, is held in a vise by clamping the jaws
firmly but not tight enough to bend the bearing. The
jaws should clamp the ends of the cap, but not on the
liner., The handle of the seraper is grasped with
the fingers of the right hand and the blade laid on
the surface of the bearing so that two edges touch
the bearing surface. By pressing lightly with the
fingers of the left hand on top of the blade where it
rests in the bearing, while the blade is moved by the
right hand, a very litile metal may be removed from
the surface at the points where the blue shows. After
the blue has been removed the beaving is replaced
on the shaft, the shaft having been given another
coat of the stain, and with the bolts tightened, the
shaft or bearing is again turned. 5

‘The bearing is again removed and the blue earefully
scraped away, this process being repeated until at
least two-thirds of the entive surface of the bearing
is eovered with tha blue when it is removed from the
shaft. This must be done with both halves of the bear-
ing. After the fitting is completed the remainder of
the blue is removed from the shaft and bearing with
gasoline. The surfaces of both bearing and shaft are
then covered with eylinder oil and the bearing is
replaced. Figure 76 shows the method.

The surface of the shaft where it runs through the
bearing must be perfectly smooth and free from
ridges and rings. If it is not in this condition, the
shaft will have to be turned smooth in a lathe or clse
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it must be lapped. A bearing should never be
replaced on its shaft until all rull)hmg sn_:rla_eea
have been wiped elean and covered with lubricating
oil.

A connesting rod bearing is properly tightened
when the conneeting rod and piston will remain in an
upright position when placed there but will fall and

Figurs T6.—Drawhling (left) and Seraping (lght).

turn the bearing on the shaft when once started by
pushing the piston to one side or the other.

A crankshaft bearing is properly tightened when
the shaft shows no play when pried with a bar but
may still be whirled part of a turn by hand.

It is very essential that all bolts and nuts be seeurely
tightened and locked in place with a wire or cotter
pin passing throngh the nut and bolt. Lock washers
should not be depended upon at any point inside of
the engine.
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ENGINE AUXILIARIES

Ignition Adjustments—The present style of eoil
wnit is properly adjusted when it leaves the factory
and this adjustment should not be disturbed unless
to install new points or to reduce the gap between
the points which may have increased from wear.
When adjustments are neeessary they should, when-
ever possible, be made by a ser ion having
special equipment for testing and adjusting units. Tf
the points are pitted they should be filed flat with a
fine double-faced file and the adjusting thumb nut
turned down so that with the spring held down the
gap between the points will be a trifle less than 1/32
of an ineh. Then set the lock nut so that the adjust
1 not be disturbed. Do not bend or hammer
on the vibrators, as this would affect the operation of
the eushion of the vibrater bridge and reduce
the efficiency of he un

The econstruetion an(l internal wiring of one of
the coil units is shown in Figure 77, A is the sta-
tionary bridge of the vibrator and B the hammer
attracted by the core. 1) is the adjusting nut and £
and F ave fibre insulating washers, G is the serew
holding the adjusting n d If the retaining spring.
| The primary eireuit is from the switch to contact

2, then through the primary winding and wire 2 to
the vibrator armature. sing across the contacts,
the current goes to the commutator by contact 4.
The sceond. cireuit starts in the high tension
winding and goes through contact 3 to the spark
plug. Returning through the metal of the engine
and the eommutator, the enrrent follows lines ¢ and
7 1o the other end of. the high tension winding.

Coil Unit.

T7.—Construction of Fard

Iy
§
i

Flgure
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Figure T8 shows a method of testing a coil unit
with a storage battery. Terminals A and € ave the
primary leads and B and € the ends of the high ten-
sion eircuit. Touching A and € with wires from the
battery, while holding another wire on € and a short
distance from B, will cause a spark to jump to

Figure 78.—Testing Coll Unit with Battery.

tator take out the cotter pin from the spark rod and
detach the rod from the eommutator. Loosen the eap
screw which goes through the breather pipe on the
top of timing gear cover. This will release the spring
which holds the commutator ease in place and this
part can be readily removed. Then unserew the lock
nut; withdraw the steel roller cap and drive out the
retaining pin.  The roller ean then he removed from
the camshaft. These parts are shown in Figure 79.
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Tn replacing the roller, eare must be exercised to
see that it is reinstalled so that the exhaust valve on
the first eylinder is closed when the roller points

79.—Parts of the Commutator.

ward, This may be aseertained by removing the
ng the operation of number

ve cover and obs
one valve.

It is necessary to take the power plant out of the
ear’in order to remiove the magneto, Then remove the
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crankease and transmission eover and take out the
four cap serews that hold the flywheel to the erank-
ou will then have necess to the maguets and
entire magneto meehanism. In taking out these parts,
or any other parts of the car, the utmost eare should
be taken to make sure that the parts are so marked
that they may be replaced properly.

The Ford magneto is made with permanent ma;
nets and there is very little likelihood of their losi

Figure 86, —Windings and Muznets of the Magneto,

their strength unless acted upon by some outside foree
such as the attachment of a storage battery to the
magneto terminal which will demagnetize the magnets,
Ii anything like this happens it is not advisable to ey
te recharge them, but rather install a complete set
of new magnets. The new magnets will be sent from
the nearest agent or branch house, and will be placed
on a board in identically the same manner as they
should be when installed on the flywheel, which is
shown in Figure 80, Great care shonld be taken in

e
s
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bling the magnets and lining up the magneto
:rf?n: t}?e faces of the nlazqcts are sepnrm_cd fmql_u
the surfaces of the coil spools just 1/32 of an inch. To
take out the old magnets, simply remove the cap screw
which holds cach in place. The magneto is oil]l-n.
Iamed when the trouble is a weak eurrent eaused by
foreign matter aceumulating um_ier_rhe eontact sprmsf(
which is held in place by the binding post on t:{p_nh
the crankease cover. Remove the three serews v;h)cd
hold the binding post in place, then remove the bind-

NRENETO TEAmINAL

Figure $1.—Recharging Magnets in the Magnoto.

ing post and spring and replace after the foreign
substance has been removed. K%

) Figure 81 illustrates a method of remagnetizing
the Ford magneto without removing the parts from
1he car. A pocket compass should be held near the
rear side of the flywheel housing and 114 inches |o‘
the left of the center line. The engine is stowly
anked until the north pole of the compass needle

oints st t ahead. i )

¥ A diveet current of twenty to thirty volts is needed
and this may be sceured from four G-volt storage
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batteries connected in series. The positive line from
the Datteries should be eonnceted to the magneto
terminal, and with a wire attached to the negative
battery terminal the metal of the engine should be
touched ten or fifteen times, making the eontact for
enly one or two seconds each time, This operation
should strengthen the old magnets, but is not as
satisfactory as replacement, The correct relations
and polaritics are shown in the diagram,

Radiator Repair—A small leak may be temporarily
repaired by apply
the repair should be made permanent with solder as
soon as possible. A jammed radiator tube is a more
serious aftair. While the stopping of one tube docs
not seriously interfere with the circulation, it is bound
1o cause trouble sooner or later and the tube will
freeze in cold weather. Cut the tube an inch above
and below the jam and insert a new piece, soldering
the comncetions. If the entire radiator is badly
Jammed or broken it would probably be advisable to
install a new one.

Carburctor Adjustment—The usual method of reg-
ulating the carburetor is 1o start the engine, advane-
ing the throttle lever to about the sixth noteh and with
the spark retarded to about the fourth noteh. The
flow of gasoline shonld now be eut down by serewing
the needle valve down or to the right until the engine
begins to mixfire; then gradually inerease the gasoline
feed by opening the needle valve nntil the engine
picks up and veaches its highest speed and until no
irace of black smoke comes from the exhaust. Having
determined the point where the engine runs at its
maximum  speed, the needle valve binding serew
shauld be tightened to prevent the adjustment being

g brown seap or white lead, but -

e e A
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disturbed. For average running a lean mixture will
give better results than a vich one.

Care of Mupier—~The mufiler should be cleaned
occasionally, Remove it and take off the nuts on the
ends of rods which hold it together and disassemble.
In reassembling the mufer be eareful not to get Ehe
holes in two adjoining inner shells on the same side
or end. e

To disconnect the mufller it is not necessary to dis-
conncet the exhaust pipe from the engine, although
it is a good plan and a simple matter, neecssitating
only unscrewing the union. To disconmect the mufier
from the frame, unserew the union at the forward end
of the pipe, drop it down so it will clear the frame
and slip it back off the tube. If the mufiler becomes
materially damaged it will probably be chl-ape_r to
replace it with a new one than to atlempt to repair it.




CHAPTER VI
TRANSMISSION AND RUNXING GEAR
USTMENTS

The parts of the Ford ear which are ineluded in the
transmission system and the runuing gear are pro-
vided with such liberal adjustments that it shonld not
be necessary to make any repairs except in ease of
accident.  The best metheds of keeping these parts
of the car in perfect running order and of assembling
and disassembling them ave deseribed in the following
Pparagraphs,

Transmission and Clutch—In order to remove the
transmission from the engine, it is first necessary 1o
take the power plant out of the car. Then remove the
crankease and the transmission cover. Take out the
four screws that hold the flywheel to the rear end of
the crankshaft and the entive transmission may be
easily removed from the exlinder o g
ignre 2 shows the transmission parts in their
relative positions and grouped for the _-
tions of assembling. The first ope n is to place the
Drake drum on atable o beneh with the hub in a ver-
tical pesition. Plaee the slow speed plate over the
Tk with the gear uppermost. Then place the reverse
Plate over the slow speed plate so that the reverse
gear surronnds the slow speed gear. Put the driven
gear in position with the tecth downward so that they
Will come next to the slow speed gear. Take the three
triple rs and mesh them with the driven gear
aecording to the punch marks on the teeth, the reverse
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gear or smallest of the triple gear nmm‘ply being
downward, After making snm}hat the triple gears
are properly meshed, tie them in place by passing a
cord around the outside of the three gears. }
Place the flywheel on the table or bench _mlh the
face downward and the transmission shaft in a ver-
tical position; then invert the gronp which you _lm\_'u
assembled over the transmission shaft, setting it in
position so that the triple gear pins on the flywheel

Figure §2—Transmission Ready for Assembling.

vill pass through the triple gears. This will bring
?M I);-P:kc ﬁrumgon top and in a position fo hold the
cluteh plates, ¥

‘The next step is to fit the cluteh drum key in the
transmission shaft. Press the eluteh dise drum over
the shaft and put the set screw in place to hold the
drum. Put the distanee plate over the vhah"h drum,
add a small dise, then a large one, alternating h
large and small dises until the entire set of dises is
in position and ending up i a large disc on top.

If a small disc is on top it is Nable to fall over the




162 FORD MOTOR CAR

cluteh drum in changing the speed from high to low
and as & result the driver would be unable to change
back into high speed.
Next put the eluteh push ving over the elutel d
and on top of the dises, with the three pins project
Note that the remaining parts ave placed
as they will be assembled, Next bolt the driving plate
- E—

Lnsnato Suppart, Coils

B,
E—Triple Gears ks [y

W Speed Tands: Hegin
ko Band.

Figure §8.—Transmie
and Miznots: Dt

in position so that the adjusting screws of the cluteh
fingers will bear against the cluteh push ring pins.
Before procceding farther it wounld be a good plan to
test the transmission by mmmg the plates with the
hands. Tf the transmission is properly assembled the
flywheel will revolve freely while holding any of the
drums stationary.
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The clutch parts may be assembled on the driving
plate hub as follows: Slip the eluteh shaft over the
hub so that the small end rests on the ends of the
cluteh fingers. Next put on the cluteh spring, placing
the clutch supports inside so that the flange will rest
on the upper coil of the spring. Next place the eluteh
spring thrust ring with the notched end down and
press it into place, inserting the pin in the driving
plate hub throngh the holes in the side of the spring
support.

The easiest method of compressing the spring suf-
fieiently 1o insert the pin is to loosen the tension of
the cluteh fingers by means of the adjusting screws.
When again tightening up the clutch the spring
should be compressed to oceupy a space of two or two
and onc-sixteenth inches to insure against the clutch
slippis Care should be exercised to see that the
serews in the fingers are adjusted so the spring is
compressed evenly all around. The transmission and
cluteh when fully assembled are shown in Figure 83.

Dao not place any small tools or objeets over or in
the transmission case withent a geod wire or cord
attached to them. It is almost impossible to recover
them without taking off the transmission cover.

The method of making transmission adjustments
may e undersood from Figure 84, To adjust the
cluteh remove the plate on the tramsmission eover
under the floor hoards at the driver’s feet, Take ont
the cotter pin on the first cluteh finger and give the
serew from one-half 1o one complete turn 1o the right
with a serewdriver. Do the same to the other finger
set serews, But be sure to give cach serew the same
number of tnrus or parts of a turn and do not forget
to replace the cotter pin. After a considerable period
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of service the wear in the cluteh may be taken up by
installing an odditional pair of elutch dises rather
than by turning the ad erews in too far.

The slow speed band may be tightened by loosening
the loek nut on the right side of the transmission

Fizure §4.—Tran

sion Dand Adjustments,

cover and turning the adjusting serew to the right.
To tighten the brake | band remova
the transmissi se cover plate and turn the adjust.
ing nuts on the shafts to the rig See that the banda
do mot drag on the drums when disengaged as they
would exert a braking effcet and tend to overheat the
engine. The foot | ¢ ver, be adjusted
so that a sudden pressure will stop the ear immedi-

PIOT UL—TY DANFA
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ately or slide the rear wheels in ecase of emecrgency.
The bands, when worn to such an extent that they
will not take hold properly, should be relined so that
they will engage smoothly without cansing a jerky
movement of the car,

s, take off the plate on top of the
Turn the reverse adjustment nut
and the brake adjustment nut to the extreme ends of
the pedal shafts, then remove the slow speed adjust-
ing serew. Remove the balts holding the transmission
cover to the erankease and Jift off the eover assembly.
Slip the band nearest the flywheel over the first of the
triple gears, then turn the bend around so that the
opening is downward. The band can now be removed
by lifting it upward. The operation is move easily
aceomplished if the three sets of triple gears are so
placed that one set is about ten degrees to the right
of the center and at the top. Each band may be
removed by a similar operation, It is necessary to push
each band forward onto the triple gears as only at this
point is there sufficient clearance in the case to allow
the ears of the transmission bands to be turned dowm:
ward. By reversing this operation the bands may
be installed. After being placed in their upright
position on the drums, pass a cord around the ears of
the three bands, holding them in the center so that
when putting the transmission cover in place no
trouble will be experienced in getting the pedal shafts
to rest in the notches in the band ears. The cluteh
release ¥ing must be placed in the rear groove of the
cluteh shaft. With the cover in place remove the
cord which held the bands in place while the cover
was being installed.

Rear Azle and Brakes—To remove the rear axle

D ok
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jack the wheels free of the floor and take them off the
axle. Take out the four bolts that connect the uni-
wversal joint eap to the rear end of the transmission
case and transmission cover. Disconnect the back
radius rods, remove the nuts which hold the spring
seats onto the rear axle housing flanges, raise the rear
end of the frame and the axle may be easily with-
drawn.

In order to disconneet the universal joint from the
drive shaft, first remove the two plugs from the top
and bottom of the ball casting, then turn the rear
wheel and drive shaft until the universal pin is oppo-
site the hole in the casting. Now drive the pin out
and the joint may be pulled or forced away from the
shaft and out of the lonsing.

To disassemble the rear axle, proceed as follows:
With the universal joints diseonnected remove the
nuts in the front end of the radius rods and the nuts
on the studs holding the drive shaft tube to the rear
axle housing., Remove the bolts which held the two
halves of the differential housing together. If it is
necessary to disassemble the differential a very slight
mechanical knowledge will permit one to immediately
diseern how to do it once it is exposed to view. Care
must be exereised to get every pin, bolt and key back
in its correct position when reassembling.

To remove the small pinion from the rear end of
the drive shaft it is only necessary to remove the
eastellated nut and drive the pinion off. The end of
the drive shaft to which the pinion is attached is
rapcred to fit the tapered hole in the pinion. The
pinion is pressed onto the shaft and is sceured by tl'ue
castellated nut and & cotter pin.

The differential gears are attached to the inner
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ends of the rear axle shafts. When turning a corner
they work upon the spider gears so that the shafts
revolve independently of each other, but when the
ear is moving in a straight line the spider gears, the
eompensating gears and the axle shafts move as a unit.
An examination of the rear axle shafts will show that
the gears are keyed on and held in position by a ring
which is in two halves and fits into a groove in the
rear axle shaft. To remove the compensating gears
force them down on the shaft; that is, away from the
end to which they are secured, drive out the twe

Hub Cap Threads

Figure $6.—Using the IRear Whoeel Puller.

halves of the ring from the grooves in the shaft with
a serewdriver or chisel and then foree the gears off
tl)e end of the shafts,
86 shows the use of a rear wheel puller,
W uh the hub eap and axle shaft nut removed, the
puller is serewed onto the hub, By turning in on
e serew the hub can then be drawn off the mpoml
d of the axle shaft. After tightening the serew,
it is advisable to tap it with a hammer.

To remove the rear axle shaft, disconneet the rear
axle, then unbolt the drive shaft assembly where it

P i o T
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joins the rear axle housing at the differential. Dis-
ect the two radins rods at the outer ends of the
housing. Take out the bolts which hold the two halves
of the rear axle honsing together at the eenter. Take
the inner differential easing apart and draw the axle
shaft throngh the housing at the center.

After replacing the axle shaft be sure that the rear
wheels are firmly wedged on at the onter end of the
axle shaft and that the key 1 its proper position,
When & new ear has been driven thirty days or
the hub eap should be removed and the lock nut tight-
ened to overcome any play that may have developed.

Flgure S7.—Adjustment Polnt for Steering Gear Loogeness.

It is extremely important that the rear wheels be
kept tight, otherwise the constant rocking back and
forth against the keyway may in time cause serious
trouble,

If either the rear axle or wheel is sprung by skid-
ding against a curb or by any other accident, it is
false economy to drive the ear heenuse tires, gears
and all other parts will suffer. 1f the axle is hen
can with proper facilities be straightened, but it is
best to replace it.

The adjnstment of the foot brake has already been
explained under the care of the transmission bands.
The rear wheel brakes may be adjusted by removing
the pin and diseonnecting the end of the pull rod from
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the small lever, then screwing the rod end farther
onto the rod itsel

If the facing of the rear brake shoes is found to be
filled with grease this accumulation may be removed
by direeting the flame from an ordinary blow torch
against the grease covered parts wntil all of the oil
has been burned away.

Front Awle and Steering Gear—To remove the
front axle from the ear jock up the front of the ear so
that the wheels can be removed, disconnect the steer-
ing gear ball arm from the spindle connecting rod,
diseonncet the radius rod at the ball joint and remove
two cotter-piuned bolts from the spring shaekle an
each side, thus detaching the front spring.

To disconnect the radius rod from the a
the cotter-pinned nuts. To remove the radius
entirely take the two bolts out of the ball joint and
remove the lower half of the cap.

Should the axle or spindle become bent, extreme
care must be used to straighten the pavts acenrately.
Do not heat the forgings, as this will drew the temper
of the steel, but straighten them eold. If convenient
it would be better to return such parts to the Ford
factory where they may be properly straightened in
Jigs designed for that purpose. It is very essential
that the wheels line up properly.

©  Should the steering gear become so loose that a
slight movement of the hand wheel does not produce
immediate results at the road wheels, it may be tight-
ened in the following manner: Disconnect the two
halves of the ball and socket which survounds the
ball arm at the lower end of the steering post and
file off the surfaces until they fit snugly around the
ball. If the ball is badly worn it is best to replace it

cmove
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with a new one. Also tighten the ball caps at the
other end of the steering gear connecting rod in the
same manner, If the bolts in the steering arms
appear to be loose the brass bushings should be re-
placed with new ones. Excessive play in the front
axle may be detected by grasping one of the front
wheels by the spokes and jerking it back and forth,
After the car has been in serviee two or three years
excessive play in the steering gear may make neees-
sary the renewal of the small pinions, as well as the:
Vrass internal gear which is just underneath the steer-
ing hand wheel. a

It is also advisable to inspeet the front spring hang-
ers oecasionally to determine whether or not new
Lushings are necessary to overcome the results of any
excessive vibration,

Springs—It is very neccssary that the center of
the spring be kept tightly clipped to the frame be-
cause & loose spring will usually result in broken
Jeaves. Near the onter ends of the springs arve small
bands which elasp four or five leaves and hold them
tightly together. These ave called rebound clips and
are for the purpose of preventing the leaves from
moving away from cach other when the ear body is
thrown upward by the recoil of springs after they
have been compressed. If these rebound elips were
not used the upward motion of the car body would
have to be ¢heeked by the long main leaf alone, but
with the elips in place this load is put upon all of the
leaves which are thus fastened together and the strain
is distributed.

Much may be dane toward preventing spring break-
ame by keeping all of the elips tight and by keeping the
springs well lubricated so that there is no unneeessary
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frietion. This lubrieating may best be done by spread-
ing the ends of the leaves apart, cither with a serew-
driver or with a special tool made for the purpose.
While the leaves are separated place a small amount
of graphite and lnbricating oil mixture between them.

The operation of a spring leaf spreader, with
which this work may he conveniently done, is shown
in Figure 89. The tool itself is made somewhat as
shown in the left hand drawing and in use the
points are placed at either side of the spring and

-

‘. FrontSpeing .-
oS o

isure 88.—Mounling of the Transverse Springs.

entered in the space between two leaves. With the
nut serewed up, the two leaves will now be separated
ar shown in the right hand illustration. The lubri.
cant 1may then be inserted with a thin picee of metal
which will allow it to be well distributed over the
leaves, especially that part toward their ends. A
prepared graphite grease is the best for use at this
point. Oil alone will soon dry out and allow squeak-
ing to return, while the graphite will remain and do
its work long after the grease dries out.

|
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Wheels and Bearings—To remove a front wheel
take off the hub cap, remove the cotter pin and unserew
the castlelatted nut and spindle washer. The adjust-
able bearing cone can then be taken out and the wheel
removed. Care should be taken to see that the cones
and lock nuts arc replaced on the same spindle from
which they were removed, otherwise there is a liability
of stripping the threads which are left handed on the
left spindle and right handed on the opposite side,

Figure §9.—Using Spring Leaf Spreader for Oiling.

The back wheels should not be removed unless abso-
Iutely necessary, but if this work is ealled for, remove
the hub eap and nut, then with a wheel puller remove
the wheel from the tapered shaft to which it is locked
with a key. Inreplacing the rear wheels be sure that
the nut on the axle shaft is as tight as possible, and
that the cotter pin is in place. The hub eaps of the
rear wheels should be removed occasionally, and the
lock nuts which hold the hub in place tightened up. I
these nuts are allowed to work loose, the resulting play
on the hub key may eventually twist off the axle shaft,

It will be observed that the front wheels are dished,
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that is, the spokes are given a slight ontward flave to
better enable them to meet side stresses. The spokes of
the rear wheels are straight. The front wheels are also
placed at an angle with the road so that the-distanee
between the tops of the wheel is about three inches
greater than between their bottoms, This is to give
perfect steering qualities and to save wear on the tires
when turning corners. The front wheels should toe
in at the front about a quarter of an inch and lines
drawn along the ountside of the wheels when they are
in a forward position shonld be nearly parailel. All
wheels should be kept in proper alignment, otherwise
steering will be difficult and tire wear greatly in-
ercased. Adjustment to make the wheels parallel ean
be made by turning the yoke at the left end of the
spindle connecting rod or tie rod. See Figure 38.

Very little can be done toward making any repairs
on the ball bearings in the front wheels or on the roller
bearings in the rear wheels because it is less expensive
to replace these members when they are broken or
worn than to attempt repairs. In the ease of the front
‘wheel bearings it is seldom satisfactory to replace one
or more balls unless all of them are replaced, becanse
the new balls will be larger than the others which
have already re ed a certain amount of wear, and
the new balls will, therefore, take more than their
share of the load. Should either the eup or the cone
be worn, or chipped, on its wearing surface, it will
generally be found that one or more, if not all of the
balls, are also worn, or chipped, and this condition
may possibly extend to the other member of the bear-
ing if one is found damaged.

Practically the same advice applics to the rear
wheel roller bearings as applies to the front wheel

il
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bearings, and it will almost always be better to replace
the whole set of rollers together with their eage and
race than to make any attempt to put in new parts,
Tires—The tires may be removed, as shown in
ure 90, First, jack the wheels clear of the yoad. The

Figure 30.—Removing a Clincher Tire.

valve cap should be unserewed, the lock nut removed
and the valve stem pushed into the tire until its head
is flush with the vim, This done, loosen up the bead
of the casing in the elinch of the rim by working and
pushing with the hands, then insert one of the tire
irons or levers under the bead. The tire iron should
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be pushed in just enough to get a good hold on the
under side of the bead, but not so far as to pinch the
inner tube between the rim and the tool. A second
iron should be inserted in the same fashion some seven -
or eight inches from the first, and a third tool the same
distance from the sccond.  As a clincher tire must be
pried over the elineh of the rim three or four levers will
come in handy in a case of one-man job, and the knee
of the operator can be used to good adventage to hold
down one lever while the other two are being manipu-
lated in working the casing clear of the rim. After
freeing a length of the bead from the clineh, the entire
outer edge of the easing may be readily detached with
the hands and the damaged inner tube can be removed
and patched or a spare tube inserted. Always use
plenty of soapstone or powdered chalk in replacing an
inner tube.

Shonld the easing be cut so there is danger of the:
inner tube being blown through it, a tempor repair
can be made by cementing a canvas pateh on the inside
of the casing. Before applying the patel the part of
the easing affected should be eleaned with gasoline, and
when dry, rubber cement should be applied to both
casing and patch. This will answer as an emergeney
repair, but the easing should be vulcanized at the fivst
opportunity.

To prolong the life of the tire casings, any small
cuts in the tread should be filled with patehing cement
and a specially prepared plastie componnd sold by the
tire companies.

Inner tube punctures may be repaived as followss:
After locating the puneture, earefully elean the rubber
around the leak with benzine or gasoline. Then rough
the surface with sandpaper to allow the cement to

et
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hold. Apply the cement to both pateh and tube, al-
lowing it to dry for about. five utes. Repeat the
application twice with like intervals between for dry-
ing. When the cement is dry and sticky press the
pateh against the tube firmly and thoroughly to re-
move all air bubbles beneath it, and insure proper
adherence to the surface. Then spread some soapstone
or tale powder over the repair so as to prevent the tube
from sticking to the casing. Before the tube s put
back into the casing plenty of tale powder should be
sprinkled into the latter. A cement patch is not per-
manent, and the tube should be vuleanized as soon as
possible. - In replacing the tire on the rim be very
eareful not to pinch the tube,

Vuleanizing—Only the best grade of material
should be used. Absolute cleanliness is neeessary in
all vuleanizing work. No matter how good a vulean-
izer you have, or what kind of repair stoc n use,
the smallest amount of oil, grease or dirt will greatly
impair the work. Therefore, elean every repair thor-
oughly with a eloth or brush dipped in elean gasoline
and ronghen the point of repair with a rasp or coarse
sandpaper while still wet.

Tires must be dry before beginning work on them,
otherwise a porous pateh will result, If you think for
any reason that the eanvas in the casing is even slightly
damp, elamp the vuleanizer loosely over the tire for
ten or fifteen minutes before applying the first coat of
eement. Interpose a picee of waste or something of
the sort between the valeanizer and tire to permit the

escape of moisture.

Tt takes from fifteen to twenty minutes to vuleanize
alayer of Para rubber one-sisteenth of an inch thick if
the thermometer is kept at 263 degrees, and five addi-
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tional minutes for each additional sixteenth of
inch. Vuleanization will occur equally well at all
temperatures between 250 and 275 degrees. The low:
est temperatures require more and the higher temper
tures less time than stated above.

Inner Tube Punctures—Clean the tube tlmrou[.'h.ly
with gasoline and eoarse sandpaper for at least
inch all around the hole, being careful not to get gaso-
line inside the tube; then wipe with a eloth moistened
with gasoline. When the wasoline has cupow#cd_
cement the edges of the hole and apply a thin Jayer of
cement 1o the tube for three-quarters of an inch on
each side of the hole. Let the cement dry until all
the gasoline hus evaporated and the cement is solid
enough to resist the touch. Tacky is the usual word,
Apply a second eoat and let it dry as before. If a
small hole is to be repaired fill even with the surface
of the tube with layers of Para rubber cut the size of
the hole, taking care that the rubber sticks all around i
the edges. If a simple puncture, place a narrow strip
of Para rubber over the end of a match and insert it
into the hole. Cut off what protrudes ontside the fube
Cut a pateh of Para one-eighth of an inch larger than

the hole or puncture and apply over the opening,

Then cut another pateh one-half ineh larger than the
hole and apply over the first. Cover and apply the
vuleanizer. Repairs of this sort should be mlusume\l
for fifteen or twenty minutes at 265 degrees,

TInuer Tube Culs and Tears—Clean as alveady dic 1
rected, both inside and outside of the tube; coat the
edges of the cut and inside and outside of the tube with
cement and let it dry. The cement should extend
three-fourths of an inch back from the cut.

Cut a strip of Para rubber as wide as the tube il
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thick and stick on the edge of the cut. Cut another
strip of rubber one-half inch wide, using rabber which
is eured on one side. Place this piece inside of the
tube and under the tear with the cured side down,
bring the edges of the tear together and stick them
down to this strip. If you do not have any of the
Para cured on one side, regular Para may be used
after comenting a piece of paper to the inside of the
tubic opposite the cut to prevent the putch from stick-
ing to the opposite side. Apply another strip of Para
rubber one-half inch wide on the outside of the repair
and vuleanize for twenty-five minutes,

Casings—The first step in making a ea repair
is, just as in the case of all tire work, to theroughly
clean the point of repair. Apply from one to three
layers of eement, allowing each to dry. If the canvas
is exposed put on enough eement to fill the pores of
the eanvas and leave a smooth surface when dry, Fill
the hole with rubber so that it is not quite level with
the surface. The best results are obtained when easing
repairs are slightly eoncave, 1f filled too full the rub-
ber will expand and flow over onto the unprepared
surface in a thin film that will soon pecl up and cause
trouble. Moreover, a protruding pateh will receive
more than its share of hammering and will undoubt-
edly split open.

Always use a sheet of waxed paper between the vul-
canizer and the tive to prevent the repair from stick-
ing to the hot iron. It is not necessary to eut away
& lot of good rubber when mending small ¢
Leave everything except sm.
incorporated in the repair. When cntti
the knife and the work will go easier.

If a ecemented or acid cured patel has been used to-
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<over the point to be repaired it must be removed, aud
all traces of the cement cleancd from the tube. A
eommon spring bottom oil ean filled with gasoline and
and old tooth brush are handy for cleaning repairs.

When mending small easing cuts it s better to use
small scraps of rubber than to try to eut layers to fit
the hole. All air bubbles that appear when adding
Tlayers of rubber to fill up a cut must be punctured with
an awl and pressed down flat. Do not rush the work.
A few minutes spent in preparing a repair and vul-
c g it may save considerable tronble later.

When properly cured, a repair should be gray in
color, and should not retain an indentation made by
the finger nail.  The longer a repair is vuleanized and
her the temperature maintained, the harder the
pateh becomes.  If a pateh simply seems too soft, ap-
ply the vuleanizer a few minutes longer. In case if
seems necgssary to inerease the eure, it is better to
add to the time than to the temperature. Under-cur.
ing is always preferable to over-curing.

If a poor pateh is made it is best to remove it en.
tirely, recoating the hole with cement and filling with
fresh rubly A porous patch is eaused by a damp
tire, by failure to let the gasoline evaporato after
cleaning the tire, by failure to let the cement dry or.
by air-pockets between the layers. It may also be
eaused by too high a temperature. The latter cause
makes a patch hard and brittle.

Do not inflate inner tubes until after they have 4
cooled, for a bulge is liable to be the result.  Your tire
pump makes an excellent bellows for eleaning the dirt
from sand-pockets or casing cuts, as well as for drying
the gasoline after washing the canvas.

CHAPTER VII
TROUBLES, SYMPTOMS AXD REMEDIES

The process of loeating and remedying motor car
troubles may be simplified and rendered comparatively
easy by a systematie classification of the symptoms.
With such a classification as a guide it is possible to
eliminate the most probable causes, and gradually
work thmugh the list until the partienlar trouble which

explaining the operation of such
a method we will divide all power plant faults into
seven groups as follows:

1. Failure of the engine to start. Figure 91.
Sudden stopping of the engine. Figure 92,

ne loses power.  Figures 93 and 94,

ne ﬂ\ﬂ‘hl!!l(a Figure 95.

Figure 96,

Figures 97 to 99,

Figure 100,

Any one of the first five symptoms may be easily
recognized, but the last two are sometimes more diffi-
eult to determine, beeause either one of them, or a
eombination of the two, may produce one or more of
the fiest five.

3.

4
3.
6.
7

e
. Carburetor trouble,

FAILURE OF

GINE TO START

Tn case the engine will not start, the operator should

first make suve that the switch on the eoil is turned
181
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either to the BAT
tion, beeause experi

position or toward the MAG pe
need drivers have Leen know
erank for a long while with either one of these
troubles present. It is also possible that the
eannot flow throngh the carburetor beeause the supply
valve underneath the fucl tank is elosed.

In case the vibrators o1 the eoils have been adjusted
or tampered with it is quite pessible that the points
have Leen set too close together so that no spark is
produced, and in this case it will be necessar
adjust them according to the directions given in an-
other part of this book.
ght Be well at this point to di
cs from a spark plug and lay it in such a posi-
metal end on the wire is supported with-
cighth of an inch of some metal part of
With the switch turned on the en-
ked, and if a spark pasees from
1 of the wire to the metal of the engine the
on system is.in working order. If 1o spark i
ble it will be well to 1ift the floor boards and take
the contact terminal for the neto ont of its position
abo: flywheel, because it is quite often found that
nd of this contact is covered with seme for
+which prevents the flow of enrrent throngh
s contact is in good condition, and clean, the
commutator should be examined to see that it is free
wealed oil, and if these troubles are
not present and still no spark is seeured, the scetion of
apter which vefers to ignition trouble ahull'ld
be consulted.

L the spark plug disconnected and held elo-e_
to some metal surface a good spark is noted to pass, it
may be assumed that the trouble lies with the fuel

the lowe
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system, and the carburetor adjustment on the dash
should be elosed by turning it to the right and sheuld
then be reopened about one turn.

If this dves not remedy the matter the d
below the sediment bulb under the g
should be opened because it is quite possible that there
is water in this bulb. The drain cock on the carbu-
retor shonld also be opened momentarily for the same
reason. In cold weather it may be found that water
in the sediment bulb, or in the carburetor, has frozen,
thus stopping the flow of fuel.

e g v g
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SUDDEN STOPPING OF ENG

T case the engine eomes to a more or less sudden
stop the gasoline tank should be looked into to sea
that there is a supply of Fuel, and if gasoline is present
it is next in order to lift the hood and sce that no
wires are loose or broken.

The floor boards should be t
which is attached to the magneto te
the Hywheel
the coil te
Both ends,

and the wire
nal on top of
ase should be followed from t i
1, and it shonld be tightly see

magneto contact terminal should be re-

ed from its ecorreet position

ff the mixture o a point that
rine. This adju it should be turned to |
1 the needle valve is elosed, and should |
en one full tarn to the left,

After the engine comes to a stop the hood should be
lifted and the carburetor watehed to see whether i
fuel in considerable quantities is dropping from
if this is the case, it indicates that the float valve in |

stops the ¢
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the carburetor is sticking open, This eondition
be remedied in most cases by tapping the body of
the carburetor with a piece of wood. 1f the flooding
still continnes it will be necessary to close the supply.
valve underncath the gasoline tank and disassemble
the carburetor until the float valve mechanism is
reached, when the trouble present may be easily rem-
edied because it will generally be found that a piece
of dirt has lodged between the float valve and the
seat. If tapping the carburetor eauses the flooding
to stop, the engine may be started, first elosing the
adjustment on the dash by turning it to the right an
then cranking, After the erank has been given several
revolutions the dash adjustment should be given one
full turn to the left, after which the engine should
start,

In case none of the above mentioned troubles are
present the fuel line should be disconnected from the
carburetor, and the flow of liguid noted. In case there
is no flow, or in case the flow is in a very small stream,
the pipe should be diseonnected from the tank end and
blown through by placing the lips at the earburetor
end. This will dislodge any obstacles that may have
entered the fuel line.

It may also be found that some foreign substance
is obstructing the opening in the tank which leads to
the sediment bulb and fuel line. This has been known
to happen when inner tube patehes drop into the tank
through the filler opening. The engine may have
been brought to a stop by water in the gasoline, and
this water may be gotten rid of by opening the drain
eock on the earburetor or underneath the sediment
bulb below the fuel tank,

If the engine labored and seemed to be losing power
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before it came to a stop the trouble may be due to lack

er in the radiator, or to lack of eylinder oil, and
ne of these conditions suggests its remedy.
iden stoppage of the engine may be due to al-
most any of the troubles ned in the seetions of
this Chapter devoted to ignition and carburetor faults,
and if no remedy has been effective, these seetions
should be consulted.

ENGINE LOSES FOWER
This division of trouble may be subdivided into two

parts, one of which will eover those oceurring at low

speed, and the other those found at high speed.

The most probable source of low speed trouble is in
loss of compression, and this loss may be due to any
one of many canses. The eompression of each eylinder
should be tested by turning the starting crank with
the ignition switeh in the off position and noting the
resistance to eranking as the compression stroke for
der is reached. Should the erank turn com-
paratively easy during any one-half revolution it will
be well to remove the spark plugs from all but one
The:

ne again and notice
whether there is a decided resistance to turning once

in every two complete revolutions. If such a resist-
ance is found to be present the spark plug should be
removed from the one eylinder in which it has been al-
Towed to remsin, and a plug should Le replaced in one
of the other three eylinders, and the oraukmg opera-
tion again gone through with, When it is found that
with a spark plug in place there is insufficient compres-
sion to eause the erank to spring backward when it is
brought to a ce: point in turning, it indicates that
ihe eylinder in which the plug is then inserted is los-
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ing compression for one of the reasons mentioned here
after,

Tt is possible for the mixture to leave the combustion
space beeause of defeetive spark plugs, defective valves
or valve operation, defe inder hend zaskets,

i nder walls, or
through a leak in the eylinder easting itself.

A test may be made for leaks around the spark plug
threads by placing cylinder oil around these joints
and then eranking the engine. Bubbles will show the
location of any of these leaks. IFf leaks ave present the
plug may be loose or some of the threads may be
broken cither on the plug or in the cylinder casting.

The eentrai part of the spark plug should be grasped
and moved if possible. A broken porcelain will allow.
the gas to leak and a new one is the only remedy. If
the porcelain or mica part of the plug is loose in the
shell the packing nut should be screwed down, but
should not be turned so hard that it will break the
insulating member of the plug.

Should the large gasket between the removable eyl-
inder head and th
defective, the condition will probably be indicated by
water leaks, either on the ontside of the engine or into
the combustion space. Water leaks into the eombus-
tion space will be found upon the removal of the

i ir 1se the water will be
ops will e notieed
The only satisfactory
condition is to remove the eyl

Tf the eompression remains poor after the above
mentioned points have been checked the trouble will
probably be found due to dirty valves or to some defect

body of the eylinder casting be
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in the valve operation. This will call for the removal
of the cylinder head, after which it will be possible to
examing the faces of the valves and their seats in the
cylinder castings to see that they are clean. It will
often be found that small particles of carbon have
lodged between the valves and the seats so that the gas
is allowed to escape. This means that the valve should
be ground.

With the eylinder head removed the engine should
be cranked and the valves watched as they move up
and down. If they are sluggish in their action, or if
one of the valves does not elose, the spring should be
removed and the stem of the valve should be examined
and cleaned, if necessary. With the valve removed
from the eylinder it should be laid with the stem on a
flat table top, or other flat surface, and rolled. As
the stem rolls over the surface it may be noted whether
it is bent. If the stem is found to be warped out of
shape it should be replaced with a new one.

The face of the valve and its seat should be examined
for pitting or score marks, and unless these surfaces
are found to be smooth the valve should be carefully
ground. The valve may also be held a slight distance
from its seat by a shoulder which has been worn into
the metal of the valve stem, or because of a shoulder
or a ring which has been formed on the face of the
valve. Either of these last mentioned troubles re-
quires that the valve be placed in a lathe and the face
or stem turned to a true surface,

While the valves are being examined it will be easy
to note such troubles as a broken stem, a cracked valve
head or a cracked valve seat, and it should also be
noted whether the valve spring fastenings were loose,
or whether the valve adjustments, if any are used, were
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out of order, These troubles either require a remedy
which is perfectly evident, or else call for new parts.

If the valves are found to be in good order it is pos-
sible that the compression leak is between the piston
rings and the eylinder walls. This may be caused by
geratehes or seore marks and to remedy this condition
it will be necessary to rebore the old exlinders, or else
to replace them with a new bloek. Tt is also possible
that the eylinders have been cracked by freezing of the
cooling water, and the best remedy for this will be
new eylinders. In case the water has been frozen
it is possible that the eylinder head casting has been
cracked, and this, of course, would lead to results
equally as bad es those coming from cracked cyl-
inders,

If the piston rings are not bearing eveuly against
the eylinder walls the condition will be made apparent
by black patches, or lines, on the walls, and it will
probably be best to replace the old rings with new
ones.  New rings require a certain length of time to
wear to a proper fit, and the best results shonld not be
expected until this time has elapsed. Tn case the open-
ings, or slots, through the sides of the rings on any one
piston have been moved into snch position that they
are almost directly above one another, it is quite prob-
able that a less of eompression will result, and this
Joss may be stopped by moving the rings so that the
openings are equally spaced from each other around
the outside of the piston.

A loss of power may be ocensioned by some classes
of valve trouble which will not result in a loss of com-
pression.  The most common of this elass of troubles
is too great a elearance between the lower end of the
valve stem and the upper end of the push rod which
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lifts it. In ease the push rods are not of the adjust-
able type it will be best to sccure a new valve, or a new
rod, depending on which one is too short. This clear-
ance should be but little greater than the thiekness of
a heavy piece of wrapping paper, and if it is too great,
the valve will 1ot have sufficient lift to admit a full
eharge of gas. A rare trouble, and one which is for-
tunately seldom encountered, is that in which the up-
per end of the valve lifter, or push rod, is worn hollow
so that the valve stem drops into this liollow and pro-
duces the same trouble as would be brought about
by too great a clearance between the stem and the

Fuel trouble may eause a loss of power, and such
trouble is probably due to an incorrect earburetor ad-
justment. The adjustment should be made right, ae-
cording to the instructions given in another part of

this book. A rather peculiar trouble of this gt-m-rnl
elass is that caused by an air leak into the inlet ma
fold. The dilution of the mixture that results will
materially reduce the power. Such a leak may be
easily located by securing a squirt can filled with gaso-
line, and while the engine is running, spraying the
Tiquid on the inlet manifold and at the joints between
the manifold and eylinder, and between the manifold
and the carburetor. The engine will run evenly until
the liquid gasoline strikes an air leak, and when this
happens, the ad mal fuel which will be drawn into
the manifold will eanse the engine to run either slower
or faster. When this happens the point at which the
l)quid is being thrown should be examined, and if it
is at a joint, this joint should be remade with a new
gasket. If the leak is in the manifold proper it may
be welded, or else a new manifold may be sceured.
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A loss of power may be found to be due to an in-
eorrect adjustment of the vibrators on the eoils, or it
may be due to a faulty spark plug. The spark plug
should be removed and the surfaces of the insulating
eore, which extend inside the combustion space end of
thc plug, should be sleaned with gasoline and a stiff
i At this same time the gap between the spark

Wrong Vibrator Adjustment Leaks in Ialet Manifold

Dity Spark Plugf3

Adjust Carburetor.

Dirty Coil Case

Commutator Dirty
Commutator Worn
Roller Sticking

Figure $4.—General Troubles Causing Loxs of Power,

phag points should be examined, and should be made
equal to about one-thi cond of an inch, Too little
wap between these points will eause a loss of power at
low speeds,

Loss of power at high engine speed may possibly he
due to some of the canses already mentioned for low
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speed action, but it is more likely that the trouble will
be found among those that will now be mentioned.
The carburetor adjustment should be tested and a
greater opening should be tried, that is, the engine
should be run with the dash adjustment turned farther
to the left.

The spark plugs should be removed and the spaces
between their points examined. If these gaps are
greater than one-thirty-second of an inch there will
be loss of power at high speed. The contact between
the commutator roller and the contact segments inside
of the commutator shell should be examined, and if
the surfaces are in such condition that a poor contact
is made, the effect will be most naticeable at high
speed. The best remedy will be either a new roller or
a new shell, or both. The contaets of the coil vibrator
should be examined and eleaned if they are at all dirty,
because dirt at this point will reduee the current flow
and will affect high speed operation when all of the
available electricity is needed.

The exhaust valve springs should he tested fo
even tension by placing two of them end to end and
then, upon eompressing them, should ane beeome
sharter than the other, it indicates that thi
weak and should be replaced with a new one,

Weak
1 valve springs will have little effect on the

engine aetion, The springs may be tested b
ing a serewdriver blade between the cnils while the
engine is running. If the extra tension causes the
engine operation to improv indicates that the
spring is weak and it should be replaced.

There are certain troubles which will cause a loss ¢
power at high speed ich require a certai
amount of disassembling of the engine to locate them.
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These troubles include losseness of the timing gears,
cither on one end of the eamshaft or on the end of the
erankshaft. The eamshaft itself may have been bent
or sprung, in which ease it will be best to get a new
one. It may be found that the cams, the push rods,
the push rod guides or the eamshaft bearings have be-
eome so badly worn that the valve opening is imper-
feet and a Joss of power results,

OVER]

ENGI TR

In case the engine beeomes so hot that the water in
the radiator stea the carburetor adjustment should
be examined, and if the engine will continue to run
smoothly the adjustment on the dash should be turned
j to the right as it will go, or until a notice-
g off in power results, The driving condi-
tions may be responsible for the trouble if the spark
not advanced or brought toward the driver far

Tt will be remembered that the spark should
be carried advaneed just as far as possible.
ing may be caused by dirty spark plugs,
and it is advisable that they be removed from the eyl-
d as a preeaution, if for ne other
has been yun with an exees-
sively rich mixture, or with an over.supply of oil, the
piston head and the surfaces of the eombustion ch:
ber may have become so covered with carbon as to
eause hi This earbon may be removed by burn-
ing with oxygen, or taking off the eylinder head and
seraping it aws After this is done the oil level
should be made right, and the carburetor mixture
should be properly adjusted.

The natural place to look for overheating is in the
cooling system, and many of these troubles will be
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found there. The level of the water in the radiator
should first be noted, and if it is low for any reason,
the supply should be replenished and any leaks in the
radiator or in the piping should be repaired.

The fan belt may he torn, or the adjustment may
have hecome loosened so that the fan does not run
ith suflicient speed.  1f the belt is worn, or damaged,
it should be removed, and if the belt is found to he
loose the adjustment should be made tighter. It may
be found that the fan hearing is binding beeause of
laek of oil. It may be sufficient to give the grease cup
a few turns, but it will generally be best to take the
bearing apart, elean it, and give it proper lubrication.

The hase between the top or bottom of the radiator
and the engine may be kinked, or may be rotted and
loose inside. In ense it is kinked it should be short-
cned and straightencd out. If it is votted it, of course,
should be renewed. Tt may be found that the gaskets
at the joints between the engine and the hose fittings
have been replaeed with new ones of soft ‘material,
which may have swollen to form an obstruction to the
flow of water,

The outside of the radiator should be eleaned of any
deposit of dirt, oil or seale that may have colleeted,
and this eleaning ean best be done with gasoline, or
water, and a good, stiff brash.

No harm will be done should the water boil oeca-
sionally while driving through mund or deep sand, or
up long hills in hot weather; however, if there is a
continmal overheating with the engine running nnder
ordina itions the eause should be fonnd and the
remedy applied. The eause may be in too mueh driv-
ing in low gear, or because of a poor grade of oil, or an
insufficient supply of oil. Racing the engine will also
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TROUL:

result in overheating. One cause of heating whieh is
often overlooked is that due to a clogged muiller, or to
a muffler full of soot and earbon. Sueh a condition re-

Carbon in Cylinders
Dirty Spark Plugs

Radrator Dirty Inside
‘Water Level Low,
Hose Leaking or Kinked

Adjust Carburetor,
=

il Level Low

Spark Retarded
Using Poor Oil Fan Belt Loose
Oil Leak Leaks in Radiator

Poor Ol Circulation Radiatar Dirty on Ouiside

Figure 83.—Troubles Caustng Ovorlwating of F

sults in excessive buck pressure and prevents a praper
exhansting of the burned gas so that the heat is re-
tained in the eugine and must be taken care of by the
cooling water.
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The radiator and eylinder jackets may be freed
from any deposit of dirt and seale by the following
method: Secure five pounds of eanstic soda from a
laundry supply ]nnm\ and add the soda slowly to a
pail of water 1 the solution makes two and one-
half gallons, ans that a sufficient quantity

i 1ds of soda and
to result in a total quantity of mixture equal to two
and one-half gallons. Drain the cooling water and
pour this solution into the radiator. Then run the en-
gine for abont five minutes and again open the dr
cock. After the solution has left the cooling system,
wash out the radiator and jackets with several fillings
of elean water. This caustic is very poisonous and
will quickly burn the flesh of the one using it should
any of the solution get on the hands. Great care
should, therefore, be used in handling the mixture.

If the cooling system is in good order the trouble
may be due to unpruprr ailing. The oil may be of poor
quality, which is the worst possible form of economy,
or else it may be too heavy or too light. The oil may
have become so old and dirty as to have lost most
of its lubricating qualities and it should be drained
away and replaced with a fresh supply.

The power plant should be carcfully examined for g

oil leaks which lower the level. The pet-cocks on the
should he opened and the
eh to flow but of the lower coc
of zood oil present and the en;
to drag and bind, together with the overheat ng, it is
possible that the oil pipe inside of the engine is leak-
ing, hent or clogged. The only way to check this
eondition will be to disassemble the engis
to remove the pipe and blow through it

o
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ENGINE NOISE

In ease of any noise hecoming noticcable in the
power plant the first thing to do is to examine the p)l
supply and see that it is sufficient. In case the noise
is evident as a clicking or a rattling, the following
points should be eheeked.  First look at the fan to see
that none of its blades are hitting some other part of
the power plant. A elicking which keeps time with
the engine may be eansed by too much clearance be-
tween the lower end of the valve stem and the valve
lifter, and the remedy for this eondition has already
been explained. While examining the elearance the
valve stem should be pulled back and forth to sce that
the guide has not beeome excessively worn and a sim-
ilar test should be applied to the guides for the valve
lifters,

A hissing noise will be caused by any leakage of
gas or of the exhaust around the spark plugs or any
of the manifold gaskets. In the ease of the piston
rings being completely broken, it would be possible
to notice the escape of the gas by the hissing sound
caused as it enters the erankease, but it is not probable
that this condition would be located by this noise but
rather by the lack of power which would be the imme-
diate result. ~

Noises in the engine which may be classed as knocks
or pounds may be the result of any one of a long list
of troubles. The mest probable fault is that pre-
ignition is occurring becanse of red hot picces of car-
bon which have collected in the combustion space.”
This form of trouble will eause a clear sharp knock.o¥ .
rapping sound. It is possible to cause knoekin EH',
driving the car with the spark too far advanced a f
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the obvious remedy is to carry the lever in a more

retarded position.

Looseness in any of the engine bearings will cause
various kinds of knocks and pounds. The most com-
mon point at which such trouble will be found is at
the lower end of the connecting rods and the result-
ing noise will be especially noticeable when running
at high speed or when run ing at a moderate speed
down grade and with the engine exerting v
effort. Looseness of the crankshaft bea
cause a dull thud whenever the eneine is pulling hard,
Looseness at the upper end of the conneeting rod;
that is, in the wrist pin bearings, will be noticed be-
eause of a peeuliar sharp tapping which seems to come
from a point near the upper end of the eylinder cast-
ings. Loosc eamshaft bearings may also cause knock-
ing under eertain eonditions, and if cither the. cam-
shaft or erankshaft are sprune out of line, the result
will be a loosening of the bearings which will make
& noticeable knock,

In case of any of the bolts holding the several parts
of the engine and power plant together become loose,
a very disagrecable noise will result, The points at
which sueh looseness may oceur are in the bolts which
hold the engine to the frame, in the bolts which hold
the exlinder casting onto the erank case, in the bolts
which hold the flywheel to the end of the erankshaft
and camshaft,

Wear in the teeth of the timing gears will result
in a eontinuous high pitched sound which will in.
crease in intensity with the engine speed. Wear of
the pistons or in the exlinders will result in a sharp
rattle or in a slapping noise whenever the engine
speed s suddenly increased. A broken piston ring
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will make a noise of similar character. Excessive
wbmtm‘n of the engine may be caused by incorrect
assembling especially in case the engine has been
taken apart and the fiywheel replaced in the w:
pos:ua!: with reference to the crankshaft. The fly-
wheel is balanced with the engine, and before it is
removed for any reason, its position in relation to
the erankshaft should be carefully noticed and it
shimld‘ always be replaced in this position.

Various noises may be caused by insuflicient elear-
anee between some of the moving parts of the engine
and power plant. One rather common canse for this
trouble is that which results from the use of spark
plugs whose shells extend down into the eylinder for
too great a distance. This may result in the valve
striking the spark plug. A knoek will also result in
case the cylinder head gasket has. been replaced in
such a position that it extends out over the upper edge
oi: the cylinder walls because this extended portion
will be struck by the piston onee in every stroke.
Should the under pan or crankease of the engine have
become bent or dented it may be possible that the
lower end of the conmecting rod is striking it, and
the result will of eourse be a sharp knoek for every
revolution of the crankshaft,

1GNITION TROUBLE

An uneven sputter and bang of the exhaust means
that one or more eylinders are firing irregularly or
not at all, and that the trouble should be promptly
l?euled nla:ui_ overcol Misfiring, if allowed to con-
tinue, \f:ll in time injure the engine and the entive
meehanisin, A good driver will be satisfied only with
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a soft, steady purr from the eshaust, 1f anything
goes wrong, stop and fix it at once if possible.

o find the missing cylinder take a wood-handled
serewdriver or a hammer, and while the engine is
running, lay the serewdriver blade or the hammer
head from the top of the spark plug to the eylinder so
that the current goes throngh the serewdyiver or ham-
mer head in place of across the gap in the plug.

If the eylinder being tested was firing you will
notice the engine slow down; but if the eylinder was
not firing, it will make no difference when the plug
s short-cireuited in this way.

To test the spark remove a spark plug and con-
nect its wire to it. Lay the plug on top of the eyl
inder with the thireads touching the metal, but do not
fet tie top of the plug or the wire touch the engine.
By cranking with the switch turned on you can now
sce the spark jump across the gap. Sometimes a spark
that will jump through the air as above will nmot
jump through the compressed gas. If a spark will
jump from the end of the wire a distance of one-
fourth inch it should jump the gap while in the
eylinder.

The missing cylinder may also be located by manip-
ulating the vibrators on the spark coils. Open the
thirottle until the engine is running at a good speed
and then hold down the two outside vibrators, num-
ber one and number four, with the fiugers, so they
cannot buzz. This cuts out the two corresponding eyl-
inders, number one and number four, leaving only
number two and number three running.  If they fire
regularly it is obvious the trouble is in either number
one or number four. Relieve number four and held
down number two and number three and also num-
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ber one. If number four eylinder fires evenly it is
ovident the misfiring is in number one, In this man.
ner all of the eylinders in turn ean be tested until the
trouble is located. Examine both the spark plug and
ibrator of the missing eylinder.
ignition trouble still remains it will be advisable
to exanine the spark plug of the cylinder which
misses fire or to examine all the plugs. See that the
points between which the spark jumps are free from
dirt, oil or water and that they are neither too far
apart nor too close together. It will be remembered
that these points should he separated by g inch. The
poreclain or miea insulation may have become cov-
ered with dirt on the outside of the combustion space
or with oil or soot on the ends which extend toward
the inside of the eylinder. The insulation should be
ecleaned with gasoline and a cloth or stiff brush.

Carbon deposit on the spark plugs may be loosened
by allowing them to soak in kerosene for several hours.
While the plugs are being examined it should be noted
whether the porcelain is eracked or broken, and if
either of thess conditions is present the porcelain
should be replaced with a new one. In the ease of a
mica plug it is possible that the oil has crept in be-
tween the layers of mica and is eausing a short-cirenit,
This is especially likely to'be true of old plugs. The
spark plugs should be examined to see that the points
are not loose in the shell or in the insulating core and
also to see that the core is not loose in the shell, as
this would produce the same result as a loose point,
namely, an incorrect gap.

There are but few troubles that can affect the Ford
magneto and the most ecommon one of these is that
caused by dirt eollecting at the lower end of the con-
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tact whieh is fastened in the flywheel housing just
above the wheel and underneath the floor boards.

Ii the car has been in use a considerable length of
time, or 1f the engine has been disassembled and put
back together, it is possible lh:!l Ih? ll_\'\\'hlcz: mag-
1:ets have become weakened and in this case it will be
Lest to replace them with new ones. If the magnet:
have been removed from the fiywheel the.\: ay hav
been replaced wrongly with vespect to their polarity.
The magnets should be assembled on the wheel in such

Wrong Spatk Plug Gap
Dirty Spark Plug

Cracked Plug Insulation
Core Loose in Plug

Figure 97.—§park Plug Troubles.

relation to cach other that the negative poles nf nd_|_a-
cent magnets are next to each other m!d this will
Ykewise bring the pesitive poles of adjacent mag-
rets together. The simplest way to make sure that
this condition exists is to hold the magets close 1o
sach ather while they are off the flywheel and pick the
ends which do not stick to each other I?crnus_c

enetism, If two magmets are held in this
way with one end of one magnet elose to one end of
the other and it is found that these ends have no
fendency to be drawn together then they are both of
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the same polarity, cither positive or negative, and
they should be placed on the fiywheel with these ends
elose together.

Should the insulation of the primary wir running
from the eoil to the commutator beeome worn to snch
an extent that the copper wire is exposed, the current
will leak out or short-cireuit whenever contact with
the engine pan or other metal pa ade. A steady
buzzing of onc of the eoil units will ate a short
the wiving. When driving the car the engine will
suddenly lag and pound on account of the premature
Be careful not to k the engine down-
ward against the compression when the ear is in this
condition, as the short is apt to cause a vigorous kick
back.

The wires should be examined to sce that none of
them are disconnected and special notiee should be
given to those connected with the timer or commu-
tator. The wiring should be examined to sce that
there are no loose terminals or loose ends at any point
and that none of the ends or ferminals are yubbing
against metal parts of the power plant. It will some-
times be found that a wire is broken underncath the
insulation and this will lead to trouble, the canse of
which is very hard to locate. The only in which
such a wire may be found is by taking them one at a
time and pulling while the engine is running. 1¢
pulling on any one eauses misfiring it would
indicate that this wire is defeetive underneath the
insulation. All of the wiring should be kept elean
and dry and if any of it is found to be eovered with
dirt or oil soaked it will be best to renew these parts,

The wires leading from the roil to the spark plugs
may have beecome attached to the plugs in the wrong

—
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order, that is, an order which does not eorrespond to
that in which the engine fires. It has been explained
that the firing of the Ford engine is 1, 2, 4, 3, q:|d
if the wires are attached so that the order of spa_rkmg
at the plugs is different from the one just mentioned,

Vibrator Out of Adjustment Loase or Broken Wires
Try Interchanging Colls Wire Insulation Worn
Coil Contacts Dirty Test Spark at Plug

Vibrator Not Adjusted

‘Wrong Wiring for Firing Order
Figure 85 —General Ignition Troubles.

one or more eylinders will fail to fire, The order in
which the wires are econneeted may be ascertained by
removing the plugs from the eylinder and laying them
on the metal of the engine so that the spark may lae
seen to pass between their points as the engine is
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cranked, The erank should be turned until a spark
- passes in the plug which was inserted in eylinder num-
ber one next to the radiator. The next plug to re-
ceive a spark should be the one which was in eylinder
number two, the next one shonld have heen in eylinder
number four and the last one in eylinder number
three,

With the vihrators properly adjusted, if any par-
ticular eylindex fails or seems to develop enly a weak
action, change the position of the eoil unit to deter-
mine if the fault is actually in the unit. The first

at the plug. Remember that
a loose wire conneetion faulty spark plug, or w
commutator may cause irregularitv o ning
of the engine. These are points thau snowa op con-
sidered before Jaying the blame on the I

While examining the eoil the following points should
ue looked for: First sce that the contact points on
the vibrators are not worn, dirty, sticking or pitted.
If any of these faults are found the points should
be cleancd by drawing a piece of fine emery cloth be-
tween them, first with the emery facing toward one
voint and then with it facing the other. The coil or
vwoil box may have become wet, which will allow a
short cirenit, and it is also possible that some of the
connections inside of the eoil box have beeome loose,

If misfiring occurs when running at high speed,
inspect the commutator. The surface of the eirele
around which the roller travels should be elean and
smooth 50 that the roller makes g perfeet contact at
all points. If the roller fails to make o good contaet
on any one of the four eontaet Dpoints the correspond-
ing eylinder will not fire,

k
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In case the fiber, the contact points and the roller
of the commutator are badly worn, the most satis-
factory remedy is to veplace them with new pr;im.
The spring should be slrmlw_cnol!gh to Enum'n irm
eontact. between the roller points if they are worn or
b ol B o that in eold weather even
the best grades of ubrieating oil will congeal to some
extent. If this oecurs in the mmml‘xlntﬂr it is very
opt to prevent the roller from making perfect con-

Fizure 99.—Commutator Troubles.

tact with the paints imbedded in the fibre. T]?Js, .cf
eourse, makes starting diffienlt as the roller tan!:
spring is not stiff enough to brush away the ﬁ_lmra ?Pl

which naturally forms over lh}e contact points. To
overcome this, as well as any liability of the contact
points to rust, use a mixture of twenty-five pnr_;;n;
kerosene with the commutator lnbricating n]l w 1;:

will thin it sufficiently to prevent cnl!gceh‘ng, hl:-
starting the ear in eold v»ent]xcr it may be not med_t a

ouly one or two eylinders will fire for the first minute
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or so. This indieates that the timer is in i-
tmut di’?"ib"'] ?’l.;nve, and as a cmnequcnlw.l?pti?g;t
contact is not bei
Shitach ng made on each of the four ter-
While the commutator is being examined seo that
the roller is free to revolve on its pin and that the
roller arm does not stick in one position. If either
of these faults is present the parts should be cleancd
and oiled and if found necessary the spring tension
on the roller arm should be increased. It is also
possible that the raller arm or roller sleeve is locse
on the forvard end of the camshaft and this wonld
indieate play in the kéy or the nut which holds it in
place, Th? fiber ring on the inside of the timer shell
around which the roller passes shonld be smooth and
should have no ridges or depressions, If such condi-
tions are found to be present it will be best to seeure
A new timer shell and install it
Shoqld ignition trouble be present while batteries
are being I!u-d_ns @ souree of eurrent, the battery
should be examined for low amperage, if of the dry
cell type, or for low voltage if of the storage type.
Dry cells should show an amperage of at least si)é
for each cell, and in the case of a storage battery,
the voltage across the terminals should he sqni‘ralcﬁl.
::elwclpa(-h rl‘:i of the battery, which in the ease of
ord ey three- ;W
S eyt :ci:‘:oll battery would eall for a ter-
Dy eells used for ignition shonld b i
see that none of their terminals are I?mes:a:::ge?h:‘:
theve are no broken connectors between the several
cells. The terminals of either a dry cell battery or a
storage battery should be elean and dry and should
not be in such a position that they can touch any
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metal part of the car or of the battery box. The eard-
hoard cover of a dry cell serves to insulate the zine
casing from any other metal part and this cardboard
must be whole and dey. In ease the covers are worn,
Broken or wet they will allow leakage of the ement.

In the case of a Ford ear cquipped with any of
the storage battery ignition systems which may be
used in conncetion with electrie lighting and start-
ing equipment, the condition of the hattery should
Le checked aecording to the instruetions given in
the following chapter. These attachments are usu-
ally placed on the front end of the cam shaft, in
place of the commutator, with some form of speeial
bracket and driving gear.

Such a storage battery should be kept in good
order by the regular earc that is required for the
lighting equipment, but should it give trouble and
not remain in a properly charged condition, this
fault will probably be reflected in poor operation of
the ignition system attached to it. The wiring of a
lighting and starting system ¢ also canse trouble
which will sooner or later affect the ignition taken
from its storage battery.

CARBURETOR TROUBLE

Every possible carburetor trouble must result in
making the mixture either too rich or too lean; that is,
it must make the mixture such that there is either
too Jittle gasoline or too much gasoline in proportion
1o the amount of air being supplied. It will first be
necessary to deeide whether the mixture is rich or
lean.

A mixture that is too thin and which requires more
gasoline to make it vight is of course improved by
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turning the dash adjustment to the
the needle valve in the earbu
cause hard starting and |,
cause spitting and a popping noise in the carburetor,
and while the engine js running, it will probably
result in missing explosions.  Should the engine be
in operation with the exhaust manifold removed, a
ean inixture will eause the exhaust flame to be vel-
low in color, A correet mixture produces an exhaust
flame which is blue or purple,

Too rich & mixture will result in
smoke from the exhaust and
greatly overheated, ' It will
engine loses power and that ]
of missing which recurs at regular intervals and
keeps time with the running of the engine. This
missing might be deseribed as & galloping action, and
Seems to result in the omission of one power stroke in
every second eyele of the engine, In ease the mixture
is too rich the exhanst will have a strong pungent
odor and there will probably be considerabls flooding
from the earburetor after the engine stops,  Should
the engine be run with the exhaust manifold Temoved,
the flame caused by rich mixture will be red in color,

In order to correct a Wwrong mixture which is due to

eft, thus Opening
wetor. A thin mixture will
loss of power. It will also

a dense black
the engine will become
also be noted that the
here is a peculiar form

adjustment right and to make
this right setting the engine will have to be started.
Starting the engine may be facilitated by ¢hoking the
carburetor, which means to shut off alinost all of the
incoming air by means of the small butterfly valve
placed at the earburetor intake and operated from in
front of the radiator, Starting may sometimes be
made easier by flooding the carburetor in case the

—

2

o] 20 YR A IE0fg

WAMNOLE, WHIEAS 190D PUY I030ENGARO—00L

TROUBLES, SYMPTOMS AND REMEDIES

pasoiy 1, 4D




T

] FORD MOTOR CAR
instrument is provided with a small pin above the
float bowl which, when depressed, pushes the float
down and opens the float valve, Priming the eylin.
ders as a remedy for hard starting has already been
mentioned and consists in putting about a spoonful
of liquid gasoline into one or more of the cylinders
after the spark plugs have been removed,
If the earburctor has been taken apart, or if it is
known to be badly out of adjustment, sce that the
level of the gasoline in the nozzle is about one.
sixteenth of an inch below the nozzle opening. - Next
close the needle valve dash adjustment tight, then
open it from three-fourths to one and one-fourth full
turns. Retard the spark lever and open the throttle
about one quarter of the way. Turn on the switch and
start the engine. Slowly close the throttle until the
cngine seems almost ready to stop. Then open op
close the dash adjustment until the engine runs faster
again without opening the throttlo, Close the throttle
a little more and keep turning the needle valve one
way or the other until the engine runs as slow as it
will run without stopping and with the throttle as
far closed as possible.  Set the throttle stops, and
the carburector is adjusted for low engine speeds,
Now advance the spark two-thirds of the way and
open the throttle wide for a few seconds to see if the
engine speeds up. Do not keep the throttle open and
allow the engine to run dast or race but for a fow
seconds, just long enongh to notice the action. If
there is no spitting noise, close the needle valve g
part of a turn,
If the engine runs too fast with the throttle full
retarded, unscrew the carburetor throttle lever ad.
Justing serew until the engine idles at a suitable speed,
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vhen the throttle is
ine chokes and stops W i
Rty e o g e St s s
il it stri , thus :
o um:;:j:tgni‘:: tfl:;.bu\:\‘hm ;mpﬂ' ij\l!tluﬂl&..;\::
{xl;:?]‘ made tighten the Ii::ik—serew so that the adj
vill not be disturbed. i
m?lmle‘;:“ure 2 number of carburetor |rnué)1cc t:hal;';'
roduce a thin mixture and yet are na('i w:of 2y
]r)ult in the carburetor adjustment. nc;l ot theee
. ibles is that the shut-off valve undemen] 11_ e
:m?s may be partly elosed or that the fuel lin
e : "y
ged with dirt or impurities. !
M.‘;:lnanﬁ'l&:rd trouble may be caunsed in caser :1;‘2 :}::1
line is bent or eracl and a slnppnlggkoo he e
flow may be caused either by an air loc hrl' e
lok An gir lock is caused by allowing t Ed el e
t? rmn upward and then S}Iil;[}];l.\-’ 0}1\!\):: d:aur Aso“‘er
i 3 t in the pocket thus -
alrkmoz 'cge:ausmd by allowing the fuel line to t\:'r:.
1‘I’Jc nll-}do\rn\\'ard and then l\p\}'ard ngmn: ﬂ\;sr::n e
?iiélil;lljl )ullawing water to remain in the plolel\et rg\'ents
and the water being heavier than gasoline p
v of fuel. -
: "?l‘\‘eugms‘;nnce of water in the !:r'buv'ctor or gn?tl.,::
tank uf!n in small amounts, will pre\'em;js{:m“ 2
in, ;md the engine will misfire and slopi‘ el
he‘?vier than gasoline, it settles to the })h el
tank, and into the sediment bulb along vl\_:l. et fee
cign matter. As it is diffieult 0 gt gulioe declaely
impurities, especially water, 2
rm; :r?::n:lypdra 1 the sediment bulb under rl|]|g ﬁn:«;
t? ln?nk During cold weamev_lhg water, whiel A
e |lube;a in the sediment bulb, is likely to fr_cezel”d‘
;.z{an:"ann the flow of gasoline through the pipe
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ing to the carburetor, Should anything of this kind
happen it is possible to open the gasoline line by
wrapping a eloth around the sediment bulb ang keep-

be realized that gasoline eannot flow out of the tank
less air can flow in. s .
"n’lf‘i::m is another class of '.roubl(:s “:"c}l;?;“ci:;?
i st t due to wi -
rich mixture, but these are not Py
ji hie float or the float valve
retor adjustment. T " L Ha
indi t valve parts may
binding, or some of the floa P ] A
o itsel v have become soal
¢ loose. The float a:s«!f_n_wm h 5
:nnxﬂ:: gasoline, and this condition may be remedied by

treatment may be applied.

Th ayi 1az2] th rburetor v . at in a warm room and then
m]ieo;l;;i;z»nﬁnl:l i‘::i?:ﬂc ;:r"tiellewzfo;i‘f gm-ﬂ ot:Z g thoroughly dr. }“fl t]]?;‘cﬂm”i’g rieh a mixture may be
foreign matter will clog up the orifice. The engine ‘?":‘d ’l'“,'““:',l Sl s being worn in such a way
Wil then begin to misfire and slow down as soon as ;11\::9, a shoulder is formed, and the most satisfactory
it has attained any considerable speed. This is ac-

is to use a new valve.
gourted for by the fuct that. at high speeds thy 1o gt b carburetor
$reased siction will draw the particles of dust or i 2 feed pipe is antomatically regulated by
Into the nozle. Ly opening tho neadle valys poie Seus e Tetd Do s Semonil e
turn. and giving the throttle lever two or three quick élm 10 any particle of dirt become lodzed on the
pulls with the engine runing, the dirt or sediment will s, prevents the needlz from cmsnLu- ﬂg- e

2 b v s wl i carbureto,

e e | e D e
accomplish the purpose the carburctor should be )
drained.  Be careful not 1o serew the needle valve
down too tight or You will groove the needle and valve
seat.

Any Jeakage of air into the inlet manifoid or com-
bustion chamber will result in a weak mixture, Such
an air leak may oceur aronnd the spark plugs, around

- the joints in the inlet manifold or around the earbu.
retor flanges, The gaskets at these last two points
should be tightly secured.

In ease of an old ear an air leak may oceur aronnd
Toose throttle bearings, and the remedy is 1o bore out
the hole and use a larger throttle pivet, 4 reduetion
of the fuel flow may result in ease the vent lole
through the fuel tank cap has become elosed, as jt will




CHAPTER VIIT
ELECTRIC STARTING AND LIGHTING

On Ford ears, which were ori inally equipped with
acetylene lighting, it is not advisable to use eleetric
lights operated from the magneto, heeause the mag-
neto, as made at that time, was designed only to fur-
nish carrent to make sparks for igniting the gas in
the engine cylinders. Under ordinary conditions the
magneto would furnish an exeessive eurrent ; however.,
all of the electricity generated by the old stylo m: 2-
neto is needed when the ear is Dbeing operated under
extraordinary conditions, For example, when the
engine is running slowly and pul hard =1l of the
current furnished by the magneto is needed for igni-
tion.

On the newer models of Ford ears electrie lighting
operated from the magneto is furnished as standard
equipment. The path taken by the magneto current
in the new Ford lighting system is shown in Figure
101, Current starts from the magneto terminal above
the flywheel, and flowers through the wire to the mag-
neto terminal on the eoil box. Another wire is at-
tached ta this coil box terminal and leads to the light-
ing switch on the dash. When the switch is elosed the
eurrent flows to the right hand head lamp and passes
through the filament in the lamp bulb. After passing
throngh the right hand lamp the eurrent flows through
a wire which conneets the two lamps and then passes
through the filament of the Lulb in the left hand lamp,

18
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i conneetion is made with
flows through the
to witding, which

lamp a
From the left hand

the metal of the ear and ﬂu-rw-mc
metal back to the end of the mam

Light o 0o 0 o
Dkl Coil Box
o o o o
o M,}.T.m;n-’l
+o horn
Magnete
Terminal
e
Ground
Connechion ==

Figire 161 —Wiring of Ignition and Lighting S\‘s:f\:r; 5
o
tal. The appearance o
is also attached to metal appeara e
;?gl?ting system on the car is shown in Figure 1
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Bs!tcyies are not provided on the Ford ear as stand-
ard equipment, and it is, therefore, impossible to light
the .hceu.l lamps unless the engine is runn ng, and
causing the magneto to generate current. In c‘nsu a

Figure 102—Iznition and 1

Parts on the Car.

storage battery is used as an auxiliary soureo of igni-
tion current, the head lamps may also be operated
from this battery when the magneto is not zenerating
current by replacing the standard lighting switch

. with a double throw switeh, and rearranging the con-

Dections so that they are made, as shown in Figure 103,

ELECTRIC STARTING AND LIGHTING =
-
FLECTRIC LIGHTING ATTACHMENTS
Ford cars of any model may be equipped with a
system of clectrie lighting or electric lighting and
starting which is attached to the car after it is built,
Ford systems ave made by a number of electrieal
manufacturers and comprise many different types of
equipment. The prineiples embodied in all of the dif-
ferent makes are similar regardless of the method of
application selected.

o lamps.

Figure 103.—Usin Batiery, with Ford Tgnition and Lighting
yatom,

Any eleetric starting and lighting system must first
provide a flow of cleetrie current and this flow is
secured from a dynamo which is driven from the en-
gine by means of chains, belts or gears,

Beeause of the fact that the engine eannot always
be running when current is required for lighting, and
will never be running when eurrent is vequired for
starting, it is neeessary to provide means for stoving
some of the swrplus energy made by the dynamo while
it is ranning, This energy is retained and held ready
for use by a large storage battery. The dynamo,
which is the primary source of enrrent, and the bat-
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tery which forms a reservoir of power are the funda-
mental parts of the whole system. It is necessary to
provide means for controlling the current ontput of
the dynamo, means for allowing the driver to light
the lamps or to cause the starter to work, and to pro-
vide the parts which con e enrrent. The parts
which consume the clectrical energy are the lamps
and the engine starting motor.

The dynamo eonsists of a revolving element called
the armature and this armature is carried in such a
position that it turns within a space which is almost

pletel ded by eclect; At one
end of the dynamo armature is a ring composed of
a large number of bars or strips of eopper and in con-
tact with this ring which is called the commutator,
are brushes, usually made from earbon, which ecllect
the eleetric current from the commutator as fast as
it is produced in the wires which are a part of the
armature proper. From the brushes, connections lead
to the terminals of the storage battery so that the
energy of the electric current can act on the battery
and store the power for future nse. Attached to the
battery terminals are wires which lead to the lamps
and the starting motor and between these units are
placed switches which give the driver control of the
whole electrieal system, The dynamo and battery
connections are shown in Figure 104,

efore going further into the workings of the elee-
trical system it will be well to explain the me
of the terms and words which it will be neeessary to
use in telling of the workings of these parts. Elec-
tricity cannot be measured in inches, pounds or gal-
lons as ean substances. Eleetricity can only be meas-
ared by its various effects on materials and parts.
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The two principal qualities of eleetricity which will
be most often mentioned are its pressure, which is
expressed in a unit called volt; and its quantity ex-
pressed in amperes.

The voltage of a enrrent will depend on the con-
struetion of the parts used in the eirenit and on the
speed at which the dynamo is revolving. The am-
perage will depend on the voltage, or pressure, present
and on the resistance to the flow of current which is

Lishting Dynamo and Rattery Conneetions.

Figure 104
dependent on the wires or other conduetors through
which the electricity is passing. The resistance a_lsrs
depends on the length of the conductor throngh \'\‘!uch
the current must flow, a long conductor !m\'lng a
resistanee which becomes great as its length inereases.
The conductors used in automobile starting and light-
ing systems are made principally from eopper, iron
and brass.

Tt should be remembered that voltage measuves only
the pressure of the electricity and \hz_«t it corresponds
to pounds per square inch in measuring water press-
wre. Voltage does not measure the rate of flow or
the quantity of current flowing thryugh a eonduetor.
Amperage measures only the quantity or rate of flow,
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Ampergge corresponds to gallons per minute flow in
measuring water. When the amperage of a current

is lumwn the total quantity of electricity may be de-
termined provided the time during which it flows is
known.

In order to make the action of the electrieal system

more clearly understood, the dynamo may be com-

pared to a water pump and the flow of enrrent from
the dynamo may be eompared to the flow of water
from the pump. As the speed of the water pump

increases the pressure of the water will inerease, Like-

wise, as the dynamo speed increases, the pressure, or
voltage, of the eleetrieity will be increased. In either
ease, as the pressure increases, the flow of water or
electrieity will be increased.

An uncontrolled increase in valtage and amperage
such as would be caused by an increase in car speed
and dynamo speed might do damage to the battery

and to other parts of the electrieal system, and in

order to prevent such damage, varions methods are
employed to limit the flow of eurrent when the dynamo
speed increases above a certain point.

Carrying out the comparison between the dynamo
and a water system, it will be realized that the water
pressure at the pump would have to be greater than
the pressure in the tank of water in order for the
pump to send water into the tank, and in the same
way it is neeessary that the voltage at the dynamo
be greater than the voltage at the battery in order
that current may flow through the battery and thus
store eleetrical energy.

Should the speed of the dynamo fall below a cer-
tain point, as it will when the engine runs very slowly
or comes to a stop, the dynamo voltage will fall below
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the voltage of the battery. With a battery voltage
higher than the dynamo voltage, the pressure at the
battery will be higher than the pressure at the dynamo
and the same thing will happen as wonld come to pass
should the water pressure in a tank beeome higher
than the pressure from a pump connceted with the
tank; namely, a flow of water from the tank to the
pump or a flow of eleetrie enrrent from the battery
to the dynamo. Such an action would reverse the
normal order of things and the battery would dis-
¢harge its electrical energy so that none would be
left to do useful work in starting the engine or lighting
the lamps,

Such a reverse flow of current is prevented by a
device called a cut-out which is usually acted upon by
the cleetrieal pressure of voltage of the dynamo. The
cut-ont is a form of switch inserted between the
dynamo and battery and this switch is open, so that
current flow is prevented, whenever the voltage of
the dynamo is below that of the battery. When the
Ayname armature commences to revolve, the voltage
commences to rise, and just as soon as this voltage in
the dynamo reaches a value which is greater than the
normal voltage of the battery conmected with the
system, then the cut-out switeh is closed and current
flow takes place from the dynamo throngh the bat-
tery so that the battery is rged.

The storage battery is really the center of the whole
electrical system because it is connected with cach
of the other parts. The current gencrated by the
dynamo flows through the battery and in doing so it
ecauses certain chemical changes to take place in the
clements of which the battery is eomposed. This
action is ealled battery charging, and after the action
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has goue on for a certain period of time, the eler
of the battery are so chemically changed that they
contain an amount of energy, or an ability to do
useful work, which depends on the power consumed
by the dynamo in doing the charging.

After the battery has been charged it is eapable of
eausing a flow of electric eurrent throngh any con-

ductors which may be attachied to jts terminals, and
after such a flow of current has eontinued for some
time, the elements in the batte) i
nal state and the battery is no longer capable of
causing a current flow. The battery is then said to be
discharged and it will again be necessary to allow
the dynamo to act upon it as before. In actual prac-
tice on the car, the battery is never allowed to be
wholly discharged, but the dynamo does a_certain
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amount. of recharging every time the engine is
operated.

The starting system for the engine consists of an
eleetrie motor which is attached to ihe battery by
means of heavy wires and a starting switch which may
be closed by the driver whenever it is desired to crank
the engine. The general construction of the starting
motor is similar to that of the dynamo, and in fact the
two units are often combined in one mechanism which
alternately performs the funetions of a dynamo and of
a starting motor, The difference between a dynamo
and a motor is that the dynamo is used to convert
mechanical power into eleetrical energy and the start-
ing motor converts electrieal energy into mechanical
power. One method of dynamo and motor applica-
tion is shown in Figure 105

THE BATTERY

The storage battery is composed of plates made
from alloys and componnds of lead, these plates being
immersed in a dilute solution of sulphuric acid. A
eortain number of plates are grouped in two sets,
one sot being ealled the negative group and the other
the positive group. These groups are placed inside
of a jar made from some waterproof and insulating
substanee such as eompounds of rubber or piteh or
of glass, When the container is filled with the bat-
v liquid the whole assembly is called one cell. A
number of cells comnected with each other make up
the battery.

In order to bring the elements of the battery plates
into condition so that they are capable of cansing a
flow of current, it is first necessary to pass current
through them. The energy of fhis current causes
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chemical changes to take place and when these changes
are allowed to reverse, the buttery discharges and
causes a flow of current through any wires conneeted
with it.

‘The voltage obtained from one ccll of a battery does
not depend on the size or weight of the plates or on
the number of plates used in the eell. Regardless of
the size the voltage of one cell will be approximately
two, so that a battery composed of three cells will

. always bo a six volt battery, one composed of six cells
will be a twelve volt battery, and so on for any number
of cells, "

In order for the above statement to hold strietly true =
the individual cells of one battery must be connected 1
in series with each other, that is, the positive of one b
eell must be connected with the negative terminal of i
the next cell and the positive of that eell with the nega-
tive of the next one. This method of connecting adds
the voltage of one cell to the ones connected with it,

50 that the total voltage of the battery is equal to the
number of cells multiplied by two.

The quantity of eurrent that may be secured from
a battery when fully eharged depends on the size of L
the plates and on the number nsed in one cell. The
eapacity of a battery or of a cell is measured in am-
pere hours, An ampere hour is the quantity of electrie
eurvent that will pass through a conductor if a flow
of one ampere continues for one hour. An equal -
quantity would pass were a flow of one-half ampere Figure 106.—Type of Battery Used With Ford Electric
to continue for two hours, or if a flow of two amperes Syaten.
were to eontinue for one-half hour, Therefore, a bat-
tery rated at one hundred ampere hours will theoreti-
cally give a flow of one ampere for one hndred hours,
or a flow of one hundred amperes for one hour,
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The efficiency of a battery is much greater at low
rates of discharge than at high rates. The above
mentioned battery would give a flow of one ampere
for practically one hundred hours, but wonld only
give a flow of one hundred amperes for a few minutes,
because the violence of the action causes changes that
prevent further discharge until the battery has been
given time to recuperate to some extent.

The rate of discharge from any battery should not
exeeed in amperes one-eighth of the total ampere-lonr
eapacity of the battery. Care should be exercised to
prevent the battery from becoming discharged to such
a point that the voltage falls much below a total of
two for each cell, heeanse when the discharge has
progressed beyond this point, the plates will change
in such a way that it becomes very hard to restore
them to their charged eondition rexardless of the
amount of eurrent flow given by the dynamo.

The mixture of water and sulphuric acid which is
placed in the eell with the plates is called the battery
electrolyte. When the battery is in a fully charged
state almost all of the acid has been driven out from
the material composing the plates and is in sclution
with the water. As the battery discharges, the acid
leaves the water and enters the plates so that the
strength of the solution or eleetrolyte becomes less
and less as the discharge progresses. The condition
of charge of a battery may be very elosely gauged by
measuring the acid strength of the electrolyte, and
this is done by measuring the specifi ity of the
solution with a hydrometer, as shown in Figure 61.

The hydrometer consists of a glass tube weighted
at its lower end and provided with a graduated seale
toward the upper end. This tube is inserted into the
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electrolgte and the depth to which it sinks in the
liquid as measured on the graduated scale indicates
the eondition of charge or discharge of the battery.
Sulphuric acid is nearly twice as heav;_r as water for
a given volume, The weighted tube will not sink so

Flgure 10T.—Eattery, Testing Hydrometer,

deep into a heavy liquid as into a light one, and it will
thevefore not sink so deep into the electrolyte when
it contains a large percentage of acid as when the
proportion of acid has been reduced. The scale on
the tube is graduated from 1.100 to 1.5Q0, the 1.100
mark being near the top and the 1.300 being near the
lower part, Lf the hydrometer sinks down until the
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1.100 point on the seale is at the surface of the liquid
surrounding the tube, it indicates that the electrolyte
has become nearly pure water and that the battery is
dm:.llxrged. Should the 1.300 point on the scale re-
main near the surface of the liquid, it indicates that
the solution is strong in acid and that the battery is
well charged. A reading of 1.200, which is midway
between the other two, would show that the battery is
about half charged.

The hydrometer itself is carried inside of another
tube of larger diameter and this tube, called the
hydrometer syringe, is provided with a bulb at its
upper end and with a rubber-tipped nozzle at its
low.ﬂr end. When a battery or a cell is to be tested
for its specifie gravity the rubber bulb is squeczed with
the l\?ml and most of the air expelled. With the bulb
held in this way the rubber nozzle is lowered through
a hole in the top of the cell until the opening is bol;\v
the surface of the liquid, after which the ljulb is re-
leased until a quantity of electrolyte sul nt to float
the_ hydrometer is drawn up into the syringe. The
point on the seale which Is at the surface of the liquid
is then noted and this is the specific gravity of the
cell being tested. ¥

With a battery in good condition and well charged
the specific gravity will remain between 1.200 and
1.300 and shonld preferably remain around 1.250.
Should the gravity fall to 1.130 or below, the cell is in
i!anggr of becoming permanently damaged and the
elcetv:msl system should be given attention.

- It is very necessary that the level of the electrolyte
in all of the cells of a battery be kept above the tops
of the plates, and this is done by adding distilled

water at regular intervals. This will require the addi-
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tion of water about every week or ten days in summer
and from every two weeks to once & month in cold
weather, Acid or eleetrolyte should never be added to
a cell under ordinary eonditions in order to bring the
gravity to the desired point because there will be just
as much acid in the cell as there was originally and
the addition of more will only serve fo destroy the
plates. The water will evaporate from the electro-
Iyte, making it necessary to add more to replace this
evaporation, but the acid will remain unless spilled
or lost through leakage from a ‘broken jar in a cell.
If the gravity hecomes low it does not indicate that
acid should be added but that the cell or the battery
needs more charging.

The efficiency of a eold battery is much lower than
that of a warm battery and in eold weather the ‘battery
requires either more Ccharging or else less discharging
to keep it in good condition. This condition is made
worse because of the fact that the dynamo does not
normally give so great an output during cold weather
as in warm, Lamps should be economieally used in
cold weather, and if convenient, bulbs of lower candle-
power should be substituted. It will be advisable to
start the engine by hand on cold mernings or at least
to prime the eylinders so that less cranking is required.

LAMPS AND WIRING

Under ordinary conditions, the lamps, the wiring
and the battery are the parts whieh require eare.
ould the surfaces of the reflectors in the lamps
hecome dirty or tarnished they may be cleaned by
lowing the dust from the parts, and if this does 1
the work, it is permissible to wash them with a
w flowing stream of elean eold water. The reflectors
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should then be allowed to dry by the action of the air
and should not be wiped, because every time they
are touched, small scratches are left and their effi-
ciency is impaired. If the surface which is silvered
has become very dull it may be cleaned with aleshol
used on a clean soft chamois skin held in such a posi-
tion that the skin is free from wrinkles. The reflectors
should be wiped off with a rotary motion and working
from back to front or by strokes starting from the
bulb and ending near the outer edge. Polishing may
be done with the chamois skin moistened with aleohol
and then covered with a small quantity of jeweler's
rouge. This will remove any dirt or tarnish and the
polishing may be completed with a dry chamois skin
and more rouge. ;

In order to get the best effect of the lamps in light-
ing the road surface they must be properly focused.
This is done by changing the pasition of the bulb with
reference to the refleetor and the exact method em-
ployed depends on the type of lamp applied to the
car. The focusing serew may be found near the upper
edge of the reflector and behind the front glass or may
be located behind the reflector and attached to the
socket into which the bulb fits, Several methods of
focusing are shown in Figure 108, £

The lamps are focused by disconnecting the wires
from one of them and working with the one remaining
until it is properly set, then removing the wires from
the one already foensed and reattaching them to the
first one. The car must be taken ta a place where
there is very little if any outside light. A large dark
room, or the open road on a dark night, make the best
places to do this work. The adjustment should be
moved until the light cast on the road is clear and

iy
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free from dark spots or rings and even a_ftzr this
effect is secured it will be best to make a trial under
driving conditions before finally deeiding that the
adjustment is eorrect. After the bulbs have been

P L i e, vh '&’:’#jﬁi; :;’I:E';ﬁ%j&:?‘ S :‘:ﬁ"“
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¢ focused the lamps may be moved on their

E:Eim or the brackets may be moved until the beam

of light from each one strikes the rum‘g at the pqmt

<esired by the driver. Many of the anti-glare devices

wow in use tend to deflect the light downward or to

greatly diffuse its intensity.
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FORD STARTING AND LIGHTING SYSTEM

Late models of the Ford car are factory equipped
with eleetrie lighting and engine starting, The sys-
tem consists of a <lynamo driven from the front of
the engine at the right, a starting motor driving to
the flywheel at the left, the battery, eut-out, lamps,
switches and necessary wiring, The loeation of the
dynamo and motor is shown in Figure 109,

The cut-out closes and the battery charge eom-
meflces at about ten miles an hour. The maximum

Figure 109.—Location of Ford Dynamo and Starting Motor,

current output of the dynamo is reached at about
twenty miles an hour and above this speed the
charge rate becomes smaller on account of the
dynamo regula The eut-out is located on the
dash or the dynamo top. On the instrument board
is an indicator showing “*Charge” or “‘Discharge.”
At 15 miles an hour this indicator shoukl read from
10 to 12, even with the lamps lighted.

The ing connections as used on the first cars
fitted with lighting and starting are shown in Figure
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110 and those found on later cars
The lighting equipment includes two double hulb
ieadlamps and a tail lamp operated by a combina-
tion lighting and ignition switch on the instrument
hoard.

The large head lamp bulbs are of 17 eandlepower
and all the others of two candlepower.  All are of 6.8
volts. It should be noted that these lamps cannot be
cperated from the magneto.

Should the indicator fail to show ‘‘Charge’® at
engine speeds above fifteen miles an hour, the ter-
n eonneetions at the indicator should be in-
spected, after which the dynamo should be tested by
diseonneeting the wire from its terminal and, while
the engine is running, making a eonnection with
pliers or other picees of metal from the dynamo ter-
minal to the metal of the dynamo housing. If the
generator is operating, a good spark will be seeured.
The engine should not be eperated for any length of
time with the wire removed from the dynamo.

The starting motor drives the eugine through a
form of gearing known as the “Bendix’" drive and
shown in Figure 112, The small gear which meshes
with the teeth of the flywheel is earried on a serew
attached to the motor armature shaft and driven
through a coiled spring. When the starting motor
revolves, the small pinion tends to keep from turning
immediately, and is consequently forced along the
serew threads and into mesh with the flywheel teeth,
With the pinion meshed, the coiled spring tightens
up and the foree from the spring and the motor eause
the flywheel to revolve. As soon as the engine fires,
the flywheel eanses the small pinion to turn faster
than the armature shaft of the starting motor and
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the pinion is caused to turn back along the threads
and out of mesh, where it remains until again used.

The starting motor may be removed by taking off
the left hand engine pan and removing the four small
serews which hold the shaft cover to the transmission
cover. With the eover and gusket removed turn the
Dendix shaft around so that the set screws at either
end of the spring are accessible. Bend the lips of
the lock washer down and take out the set serew farth-
est from the pinion. The Bendix assembly may now
be pulled out of the housing, being careful not to
lose the small key. Now remove the four serews

Flgure 112—Dendix Starting Motor Drive,

which hold the starter housing to the transmission
cover and remove the starting motor from underneath.

The dynamo is removed by taking out the three
eap serews which hold it to the front end cover and
then, with a serewdriver, starting at the top of the
flange, foreing the dynamo backward and downward
at the same time.. If the ear is to be used with either
the dynamo or starting motor removed, the openings
may be covered with plates seeured from a Ford
branch house. Should it become necessary to run
the engine with the battery disconnected, but with

ELECTRIC STARTING AND LIGHTING 41

ite dynamo in"place, the dynamo should be grounded
s attaching a wire between the terminal and one of
i valve cover stud nuts. If this is not done, the
dynamo windings will be burned out.

In operating the car while the dynamo is removed
for any reason, it should be borne in mind that no
harge is being given to the battery and it will grad-
ually run down, The engine should be started by
Jand under these conditions and the lamps should be
used very sparingly so that permanent damage to the
Lattery plates may be avoided by retaining as much
of the energy as possible,

TROUBLE LOCATION

The most commonly encountered form of electrical
trouble in starting and lighting systems is that known
as a short cirenit. This is a conneetion between two
wires or conduetors, one positive and the other nega-
tive, such that the enrrent flow may take place from
the battery or dynamo and find a complete return path
back to the source without passing through the cur-
rent-consuming devices or without doing the work
which it would do were the short circuit not present.
This simply mieans that the eurrent finds a shorter
path than the one which it should take.

Should the current carrying conduetor of either
positive or negative polarity come into direct contact
with the frame or metal work of the car when this
metal work forms a part of the electrical system, as
is the case with the one-wire system, there is a form
of short circuit called a ground.

In case some conductor becomes broken or when-
ever there is a conducting path which is not eompleted
from the battery or dynamo to the eurrent-consuming
device and then back to the source, the trouble is
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called an open circuit. There will be no flow or cur- ¥

rent H!rmlgh any part of a cirenit that is open at
any point. 5

High resistance in any part of the system will lead
to trouble and may be the result of poorly made or
dirty contacts in which the eurrent earrying surfaces
are not brought tightly together. This so reduces the =
area of the conductors that the fow of current is

R

awrreny

T S {

Figure 113~ Wiriog Troables: 0, Grwued
abien: ound; 0, Open Cireult:
7, High Reststabecs s, Boort ‘clrenppe Cireules

gremly hindered and the electricity is unable to do
its proper work, Wires that are loose or that are
partly broken will cause high resistance and dirty.
pitted or corroded parts at the wire terminals or 11;
any other part of the apparatus will cause similar
(IEJI:\?:‘I:!;TL The troubles just mentioned are shown in
Beeause of the fact that almost any trouble that
may come to the electrical equipment will cause some
:::s:v,: in 'um‘m, flow or pressure, the subject of
eating instr i ied wi
o Iwm‘m‘nmems is closely allied with that of
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Tt is urfortunate, but true, that meters themselves
are subject to certain elasses of trouble.

Indicating Instrument Faults—Because of the fact
that ammeters, voltmeters, ete,, are primarily designed
to tell what is happening and to aid in locating trouble,
it should not be assnmed that these units themselves
are frec from error, Outside of trouble eaused by
open, short or grounded circuits and eirenits of high
resistanee in the wiring and terminal connections of
these riments, they may develop trouble within
their mechanism, Should an ammeter be subjected
to a current much greater than it is designed to carry,
such as would be the case were an ordinary instrument
conneeted in the starting eirenit, the current-carrying
coils would be burned out and the meter would have
10 be rebuilt before further use could be made of it.

When an ammeter or volimeter is in proper working
order, the hand should remain at zero with one or both
of the wires removed from its terminals. Should there
be an error at this time, the number of amperes or
volts should be noted and allowed for in future read-
ings. The hand should move quickly from point to
point and should come to rest within a reasonable time.

Tn case of failure to light, the bulbs themsclves
should be examined to make sure that they are not
broken and that the filuments ave not burned out.
Should the lamp have been fitted with bulbs designed
for a voltage lower than that used on the ear, the fila-
ment will be burned out, while bulbs designed for a
Thigher voltage than that wsed will burn dimly or may
not light at all

It is quite possible for dirt, loose wire strands or
faulty eonstruction to cause an accidental short eir-
cuit in the bulb base or in the socket into which the
sase fits. Such a fault will probably result in such a
heavy flow of current at the defective point that heat-
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ing will result, and at the same time all the other

lamps on that circuit or line will burn dimly or not

at all. It may be found that the small contact points

on the bottom of the bulb base do not make contact
with the plungers or springs in the socket.

The springs may be bent up slightly or the contact
points may be extended by the addition of a drop of
salder to each. If the socket contains spring plun-
g‘crs,Alhey should e pressed down and examined for
b:udx?g or dirt that will eanse sticking when the bulb
base is pressed home, If the plungers can be pressed
dovt'n and then remain down, it indicates that the
springs have become broken or are binding, and a new
socket is the most satisfactory remedy. The interior
of the bulb sockets should be kept free from dirt and
f?n:lgn matter of all kinds, beeause the result may be
c_n.her a short cirenit or an open cireuit for that par-
h;ular lamp. Tt is enstomary to provide the lamps
with connectors into which the wires fasten and which
mmfplntc the cirenit by means of plungers or pins that
fit into holes in a second part of the eonnector. The -
same remarks respecting dirt and poor comnections
apply to these outside conneetors as to the bulb sock-
ets. Should the lamps flicker and occasionally go out
altogether, the wiring at the sockets and at the eon-
nectors should be examined for loose strands. In
case a part of the eopper is found exposed, it should
hg wrapped with insulating tape to prevent a repeti-
tion of the trouble caused by the movement and jarring
of the ear while in motion.

_A large number of systems inelude busbars, june-
tion blocks or boxes and distribution pancls at the
terminal posts of which several lines meet and are eon-
nected together. These points of connection may
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develop short cirenits between the several eables of
different cireuits, or may contain accidental grounds
on the metal work of the car. Loose strands of wire
should be earefully guarded against, and all such wire
ends should be fitted with metallie terminal pieces
that hold all the wire strands by means of the solder
used in making the attachment. It is often found
that dirt, oil or moisture enters these connection boxes
through the wire openings, and in case the junetions
are located at points exposed to such trouble, it wilk
‘e well to tape each line where it enters the enelosed
portion of the juriction.

Should the lamps flicker or go out entircly, it is
possible that the trouble will be found in the lighting
switches, These switches are simple in eonstruction
and their action may be understood in each case by
an examination. The contaets should be examined to
make sure that they elose their respective circuits and
to make sure that the leaves are not bent or binding
and that the surfaces are clean and bright. The mov-
ing parts of the switch may have become Tloose so that
they make only an intermittent connection while the
car is in motion, and all of the internal parts should
‘e moved by hand to determine whether this trouble
is present. The terminal studs and nuts should be
watehed for looseness or breakage, either external or
internal, and in case of any doubt as to the proper
conmeetions being made, a wiring diagram for the sys-
tem being used should be consulted.

w failure of the dynamo, cut-out, regulating
device or charging wiring will result in the specifie
gravity of the battery electrolyte becoming abnor-
mally low, and in the voltage of the battery falling
below two for each cell. As far as the wiring is con-
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cerned, the same advice as that given for the lighting
eireuits may be applied to this ease,
may come from faulty condition of the dynamo
brush commutator, avmature or fields, or from
faults in the cut-out and regulator,

With the brushes exposed, their holders should be

examined 10 see that the pivoted arms are frec to
swing baek and forth, and that sliding brushes do not
bind or wedge in any position. Sueh binding of the
brush itself may be remedied by carefully dressing
the sides with a fine file. Attached to each brush or
to the brush holder is a short length of flexible wire
called the brush pigtail. These small wires must not
be broken and their connections must be elean and
tight at each end.

Either the brush itself or else the brush holder is
held by a coiled or flat spring so that the brush bears
on the commutator surface with a tension just suffi-
cient to cause the brush end to make good contact at
all armature speeds.

These brush springs should not be bent, loose,
broken or binding, and should have sufficient tension
te cause a good firm conncetion 1o be maintained, but
should not be set up so tight that there is danger of
the brush cutting into the commutator surface,

Should the brushes be found in good condition, the
commutator should be examined next. Its surface
should be very smooth and should preferably have a
glazed appearance and a dark brown color. In case
the surface of the semments is found to be dirty,
stratehed, rongh or pitted, it may be dressed with
fine sandpaper by placing the sand side next the bars

as shown in Figure 114, Excessive sparking will
eanse burning and pitting of the commutator surface,

Other troubles

!"-LEL‘I:HL' STARTING AND LIGHTING u?
and this spark;ng will usually be l'uun(! to result from
‘lhe use of brushes of improper material or from f_lle
fact that the brushes do not make good contaet with
the commutator.

The segments forming the commutator shne]ld‘llc
examined to see that none of them are projecting

Figure 114—Fitting Drushes to Commutator.

above the snrrounding surfaces and "‘,m all are |l1|1
even with the enrve of the eommutator. These tronbles
may be eorrected by turning the cumm\lmtm‘. ina
fathe, but i the condition is the result of loows sez-
ments or fastenings, the armature s ould be sent to ]h,
‘nakers for repairs. The small wires that eonnect the

Figure 115.—Commutator Bar Insulation Faults.

segments with the armatuve coils shonld be wnloh&;l
wesee that they are unbroken and well -N\Ill. 1,
Torn or broken insulation may be replaced b_\. \npm],f
and then shellaeing over the surface of the mpe.r
the connecting wires a broken thf‘\' shonld be fast-
ened in place with hard solder or silver solder.
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Figure 114 shows the method of fitting the brush
ends to the commutator by drawing a strip of fine
utator surface so that the
paper follows the eurve and with the sand side toward

sandpaper over the com)

the brush end.

The mica insulation between the commutator bars

should be “underent " as shown at € and I in Figure
115.  This effeet may be scenred with a small three
<ornered file. At A and B are shown insulations too
high, which will eause sparking, while at & and F
are shown those which have been improperly undercut.

The starting system con s of the motor, the start-
ing switeh, the wiring and the driving parts. Elee-
trical trouble may be present in the motor, switeh or

wiring, and mechanical trouble may occur in the driv-

ing mechanism.

The starting switch contacts may be making poor
conneetion becanse of wear, looseness or bending, or
the contact surfaces may or pitted from
sparking. The terminal conneetions of the large
cables on the starting switeh should be examined for
loose wire strands, accidental grounds or sl eir-
cuits, and broken or loose fastenings. The ng is
subject to the same troubles as found in the charging.
or lighting eircuits, but hecause of the heavy con-
<uetors and thick insulation used sueh faults will be
of less common ocenrrence in the starting system than
in other parts of the equipment.

The parts of the starter drive system should he kept
clean, :

CHAPTER IX

THE FORD TRUCK

The truck manufaetured by the Ford Motor Com-
pany is similar to the passenger car already d‘cscnlmd
with the exception of the vear axle, rear tires and
frame, It is true that the radius rods are much
heavier in the truck than in the car, as is also the
rear spring; but with the exnep!i(_)ns n:nmuomd. the
principles of construction are identieal and the
instructions referring to the passenger ear power
plant, transmission system and forward end of the
yunning gear apply equally well to the trock.

The truck has a longer wheelbase than the pas-
senger car and is equipped with heavier rear wheels
on which are mounted solid rubber tires of the gen-
crally used commereial type. The truck frame is of
pressed steel and is quite deep through the center,
being then tapered toward the front and rear.

The construetien of the vear axle is shown in Fi
ures 116 to 118, This member is of the worm drive
type, thus following. in a general way, the method
adopted for final drive by the larger number of
standard trucks of all makes. Such a drive allows
a comparatively great reduction of speed between
the engine and rear wheels without ﬂl_e use of any
exposed geaving and without the necessity of making
the rear axle center of unusual size, as would be
required with a similar reduction secured through
Level gears.

249
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As shown in Figures 116 and 117, the worm is car-
rier above the worm gear and is mounted on two
Hyatt roller bearings carrving the radial load and is
fitted with a ball bearing to take the end thrust. One
roller bearing is placed at the front of the worm and
enother at the rear, while the single ball thrust
bearing is at the rear. This ball bearing is designed

and mounted to take the thrust of the worm in
either direction, that is, when driving forward or
Lackward. Such a result is made possible by sup-
porting the bearing in the axle housing against end
movement in either direetion and then fastening it to
the worm shaft so that there can be practically no
end movement on the shaft.

With the trnck moving forward, the worm tends
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{o push backward and the ball bearing presse
the rear cap of the housing. With the tr{u'k reversed,
the thrust % forward and the hearing is supported
‘he worm shaft has free

e 117.—Rtear View of Truck Worm Drive

m gear is bolted to ihe outer part of the
differen ing, being thus earried by that mem-
ter, while the differential is supported by two ball
bearings which are designed to carry the radial as
well as the thrust loads. .
The rear axle is of the semi-floating type, following
the same prineiple as employed in the passenger car.
The inner ends of the two axle shaits are supported
in the differential while their outer ends ave carried
by flexible roller ngs. The wheel end of the
ale embodics no particular unusual features and
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its operation is apparent from an examination of

Figure 118.

Lubrication—Proper il id proper care in lubri-
cation are essential to the life and successful operation
of any worm drive axle. The Ford Motor Company
Tecommends the use of a heavy finid or semi-fuid oil
and mentions Mobiloil “C’" and Whittemore’s Worm
Gear Compound. The lubricant should be carried at
a height even with the filling plug which may be seen
in Figure 117. b

Figure 115.—Outer End of Truck Rear Axle.

Beeause of a eertain quantity of fine metal particles
} vill acenmulate from the freshly machined sur-
faces, it is necess to remove the Inbricant from the
rear axle housing at the end of the first 500 miles”
use and, after flushing the ease with kerosene, replace
it with fresh oil. This process should be repeated
after another 500 miles’ use and thercafter onee jor
cach 1,000 to 1,500 miles’ travel of the truek.
Repairs—In order to remove the rear axle from
the truck it is necessary to first diseonneet the uni-
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versal from the transmission case by removing four
Dalts, then disconncet the brake rods, remove the nuts
holding thesspring perches to the axle housing flanges,
efter which, with the frame raised and securely sup-
ported, the axle can be withdrawn toward the rear.

Before the axle can be further disassembled it is
yieeessary to remove the wheels and the universal
joint, The wheels ean be taken off by unserewing the
hub eaps and the large nuts from the ends of the
axle shafts, then pulling the wheels from the tapered
ends of the shafts. The universal is disconnected
from the drive shaft by removing two plugs from the
1op and bottom of the ball casting and turning the
shaft until the pin is brought into line with the holes.
With the pin driven out, the joint can be pulled or
forced away from the shaft and out of the housing.

The differential and worm gear may be exposed by
first removing the bolt from the forward end of the
radius rods and the cap serews which hold the drive
shait tube to the axle housing. Then remove the
Thousing cap which is at the rear end of the worm and
take ont the holts which fasten the two halves of the
housing together., Great eare should be exercised in
re-assembling to get all parts back in their same rela-
tive and eorreet positions.

To remove the worm itself, drive out the pins which
hold the eonpling to the worm and the propellor
shaft. Then remave the felt washer, the roller bearing
deeve and the roller bearing by slipping them over
fhe coupling. Next drive the coupling from the pro-
pellor shaft and force the worm from the eoupling.
Removing the worm nut, at the rear, will then permit
the removal of the retaining washer, the hall thrust
Learing and the roller bearing for the rear end of
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the worm shaft. When re-assembling, make sure that
the pin for holding the retaining washer stationary
is in place.

With the rear axle taken apart as thus far
deseribed, and with the radius rods removed from the
end flanges of the housings, the axle shafts may be
removed from the differential. The shafis are
machined with splines at the differential end and are
held in position by a two-piece ring fitting into a
groove in the shaft. The gear may be taken off by
foreing it toward the tapered outer end of the shaft,
then driving the two halves of the ring out of the
groove, after whieh the gear may be forced off the
inner, or splined, end of the shaft.

Care.~The roller bearings at the wheel ends of the
axle shafts are lubricated by means of grease eups
which should be kept filled and given a full turn for
cach 100 miles driving.

After the truck has been driven the first month it
is advisable to remove the rear wheel hub caps and
tighten the lavge nuts. The rear wheel hubs must
be kept tight on the tapers of the shafts or else the
raovement allowed on the driving keys will soon lead
to trouble,

After the rear axle has been taken apart and put
together again, the truck should not be placed in
service until the differ housing has been filled
with the correct amount of lubrieant and the axle rui
for five or ten minutes with the rear wheels jacked up.
This insures proper lubrication of all parts before
they are required to carry a load.
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TRUCK ATTACHMENTS

Various types of fittings are manufactured by
means of which the Ford power plant, together with
a part of the transmission and driving systems, may

Flgure 120.~Ford Frame Extended by Additlon at Ce
be used to make a motor trunek having a load carrying
eapacity of from 1,000 pounds to 115 tons.

Many of these attachment units are designed to
extend the length of the original frame as shown in
I'igure 119; the particular method here shown adding
tie required length at the rear, while extending the
propellor shaft between the rear end of the trans-
mission and the original position of the universal
Joint. A similar result may be obtained as shown in

#
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Figure 120 by cutting the Ford frame near the center
and inserting the lengthening pieces.
In Figurf 121 is shown o method by means of

Fizgure 121,

which an additional set of rear springs is attached to
the body and supported by specially designed hons-
jags which earry the wheel hubs in sueh a way that
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Pigure 12¢—Chain Driven Truck U
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the added load is borne prineipally by the new parts
and the wheels themselves, without muel: added load
rd rear axle.

¢ used type of attachment is shown in
which adds a new irame, rear axle and
«s. In some eases the Ford rear axle may
be used as a jack shaft for the forward sprockets.
Atachments similar in general prineiple to that last
shown are also used in connection with rear axles of
the worm or internal gear driven type.
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CHAPTER X

THE FORDSON TRACTOR

The varions parts which make the Fordson tractor
are governed by the same prineiples which govern
like parts in passenger and commereial cars. That
is to say, the tor has an internal combustion
engine of the four cycle type which acts as do other
engines of this type, and it likewise has a carburetor,
an ignition system, an oiling system and a water eool-
ing system. While these parts may differ in detail
from similar ones found on tractors, trucks and cars
of other standard types; still, one who understands
these others will have no diffieulty in quickly compre-
hending the operation of the tractor,

The general makeup and disposition of parts in the
Fordson tractor may be understood from an examina-
tion of Figure 123, which shows the right hand, or
vaporizer side. The power plant, transmission sys-
tem and rear axle form a complete one-piece unit,
which, when assembled, is rigid from the radiator to
the hubs of the rear wheels. The forward end of this
unit is carried by the center of the front axle on a
trunnion mounting and is, of course, supported on
cach side at the rear by the driving wheels,. The
result is a three-point system of suspension which
readily follows any inequalities over which the tractor
raay travel without strain on the working parts,

The traetor shonld be prepared for use by filling
the radiator with elean water, hy having a proper

20

“a0janLy, HORPIOT SYL—TZT SinFLT

THE FORDSONX TRACTOR




262 FORD MOTOR CAR

level of high grade oil in the engine erankease and a
gear oil in the transmission compartment; also by
having both the kerosene and gasoline tanks nearly
full of their respeciive fuels and the air washer,
throngh which air for the fuel mixture is drawn,
should be filled with water, The kerosene tank is
peenliar to tractor eonstruetion beeause of the adapt-
v of kerosene to steady pulling and its economy,
while the air washer is r beeause of the dust
laden air in which the tractor generally operates.

OPERATING THE TRACTOR

Tn Figure 124 are shown the controls by means of
which the operator is able to govern the speed, power
and direction of motion of the machine while in use.

Under the steering wheel is the throttle lever which
is opened by moving it back, or toward the driver,
thus giving the engine more fuel mixture and causing
it to deliver more power. On the dash is the spark
lever which, when moved up, advanees the spark or
time of ignition. When ¢ranking the engine the spark
Jever should be moved up to the third or fourth notch
and the throttle opened about one-third of its travel.
An adjnstment for the earburetor needle valve also
appears on the dash and by means of this lever the
proportions of fuel and air may be altered while the
tractor is in use.

The spark aud throttle levers are operated much as
in antomobile practice to obtain the desired power
together with economy. The spark should be carried
as far advaneed as possible without eausing knocking,
while the throtile is used to govern the delivery of
power and speed.
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The engine js started with gasoline as fuel, the
shifting lever which is shown in Figure 134 being
placed so that,the letter 6™ is uneovered, In that
illustration is also shown a heat control lever which

Carburetor
Adjustment

pack Lever
lutch Pedal

——
=
ey
i
il
Flgure 124—Controla of the Tractor,

determines the amount of heat applied to the kerosene
vapor on its way to the mixing chamber. ‘When start-
ing the teactor this heat control lever shonld be moved
to the *‘ox"" position.



P e T L

264 FORD MOTOR CAR

After the engine has been running about one min-
ute the fuel shifter valve should be turned to uncover
the letter “‘x,”" which shuts off the gasoline and turns
on the kerosene, After about five minutes’ operation
the heat control lever shonld be moved a few notches
toward the *‘oFr’ position and in hot weather this
lever ean be moved all the way up.

With the spark and throttle levers and the fuel and
heat controls properly placed, it should be seen that
the gear shift lever is in its neutral position, where
it can be moved freely from side to side, that the
gasoling and kerosene valves are turned on and that
the switch lever is inserted in the coil switeh and
turned to the magneto position. The engine may then
be cranked in the usual way.

The pedal on the right hand side of the tractor
operates the elutch for starting and stopping the
machine and for changing gears. When pressed
down, this pedal releases the engine from the trans-
mission system and when allowed to slowly raise, the
power is gradually applicd without shock. The pedal
should not be let up quickly, nor should the operator’s
foot be allowed to rest on the pedal while driving.

The transmission gearing is eontrolled by the lever
at the left. When this lever is in the eenter position,
as shown in Figure 123, it may be moved from left
to right and no gears are engaged, the engine then
being permanently disconneeted from the drive,

Four driving positions are provided for this lever;
Tow, intermediate, high and reverse. With the engine
running, the cluteh pedal is pressed down and the
gear shift lever moved to the desired position for
driving. Moving the lever out and forward engages
low speed; moving it out and back engages the inter-
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mediate speed used for plowing: moving the lever in
and forward engages high speed; and moving it in
and back engages the reverse gearing. The gear in
which it is flesived to operate may be immediately
engaged, as it is not necessary lo start in low. The
highest gear ratio in which the engine will give the
neeessary pull shonld always be used.

Starting may e facilitated in cold weather by first

LOW Starting HIGH Traveling

WNEUTRAL fdla

INTERMEDIATE QREVERSE
Flowing

Figure 125~Movements of Gear Shifting Lever.

closing the priming valve, shown in Figure 123, then
eranking the engine for two or three turns, opening
the priming valve slightly and turning the ignition
switeh on, after which one or two quick tnrns with
the erank should result in starting. It is then best
to allow the engine to run until slightly warm before
starting the tractor in motion.

LUBRICATION AND CARE

The life and eficient working of the tractor depend
on proper lubrication and attention and negleet in
this direetion will lead to serious and endless trouble.
Tn Figure 126 is given a chart indicating plainly the
points for ciling and the frequency with which they
need attention
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The point indicated by number *“1'* enclosed in a
hesagon should have attention twice a day, this re-
ing filling the engine oil compartment with

+e 126.—Oiling Chart for Fordson Tractor.

medium gas engine oil up to the fop pet cock shown

in Figure 127,
The points indicated by numbers <2, “3," “‘4"
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and ““5°" enelosed in circles should be cared for onee
a day as deseribed in the following list. The points
indicated by numbers “‘6,”" <“7°” and “‘8”" enclosed
by squares, also the radius rod pin (not shown),
should be eared for onee a week, while those indicated
by the numbers *9"" and 10" enelosed by diamonds
shonld he cared for every second weele. The num-
Dbered reforences are explained in the following list:

1. Exase Fill with medium gas engine oll 1o
the upper pet eock twice a day.

9. Traxsussion,  Fill with heavy fluid gear oil
to level of filler opening.

3. CoxmuTaToR. A few drops of engine ofl.

4. Froxt axte spisoues. A few turns of eup.
Tse cup grease.

5. Front axue TRUNxioN, Oil thoronghly with

engine o
6. Fax. Fill with cup grease.
7. REan axiE BEamiNGs, Fill with cup grease.
8. STEER A few turns of cup.  Use cup

grease. .
9. Sresminc Joints. Fill boots with cup greasc.
10. Froxt nuss. Fill with cup grease.

Rapivs wop prx. Oil thoronghly with engine oil.

After the tractor has been driven for a few
the engine oil should be drained off and an entircly
new supply put in. If the tractor is used eontinu-
ously, this procedure shonld be repeated every week.
After the drain plug has been removed and the oil
has ran out, a quart or so of kerosene should be poured
through the filler opening and allowed to run ent
through the drain after which the fre<h ofl may be
added.
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A heavy fluid gear oil should be used for the trans-
mission housing; this does not mean an engine oil or,
on the other hand, a grease. The transmission oil
should be drained off every two weeks through the
drain plag underneath the housing, the ease washed
out with 2 quart or two of kerosene poured throngh
the filler opening and then, with the drain plug
veplaced, fresh oil added to bring the level to the
filler opening.

A practice should be made of filling the radiator
with water each day before starting and again when-
ever a stop is made for oil or fuel. The water and
mud should be removed from the air washer every
day by unserewing the drain plug at the side and
the washer flushed with clean wa The plug ean
then be replaced and the washer filled with clean
water to the level of the upper hole. If the water
level allowed to become low the guide fixed to the
float will cut off the air supply, thus causing the
engine to miss fire and stop.

The tractor should be carefully gone over once a
week to sec that all bolts, nuts, conncetions, joints
and wiring are seeure and any loosencss in the steer-
ing joints should be taken up.

THE ENGINE

The construetion of the Fordson engine is shown
in Figure 127, Except that it is of larger size, the
general design is quite similar to that of the Ford
car and truck.  Differenecs will be noted in the helical
gears, the method of oiling the wrist pins, the
valve gnides and other details. The eylinder head is
vemovable as is likewise the lower half of the erank-
case.

=

THE FORDSON TRACTOR 269




ﬁ—

Figure 125, —Removing the Pawer Plant of the Tractor.

THE FORDSON TRA

The valves are timed rding to the following
instruetions:  The timing gears should mesh so that
the tooth marked “*0’" on the small time gear will
come between the two teeth on the large gear at the

Upper Tank
Radiator Frame
Radiator Tubes
Fan

Fan Bearings

Drain Cock

Figre 120, —Cooling System of the Fordson Tracter.

gero point. In fitting the large timing gear to the
cam shaft it is important to sec that the first eam
points in a direction opposite the **0”" mark.

The opening and elosing of the valves is as fallows:
The intake valve opens from 3/64 to 1/16 inch after
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top center, the top of the piston then being about
1/64 inch from the level of the top of the cylinder
casting. The intake valve closes from 7/16 to 15/32
inch after bottom eenter, the distance from the top
of the cylinder casting to the top of the piston then
Deing from 4 13/32 to 415 inches, The exhaust valve
opens when the piston is within 1/4 ineh of bottom
center and with the distanee from the top of the
eylinder casting to the top of the piston measuring
411/16 inches. The exhaust eloses at top center with
the piston 1/16 inch above the top of the eylinder
casting. The elearance between the push rod and
valve stem should be 1/50 inch with the push rod on
the heel of the eam.

The method of remaving the engine or power plant
unit from the rear of the tractor is shown in Figure
128, The oil should be drained from the engine and
the water from the cooling system. The stop cocks
o the gasoline and kerosene tanks should be closed
and the main fuel tank removed, also the gasoline
tank and air washer. Then disconneet the steering
arm from the drag link and the control rods from
the commutator and vaporizer. Remove the dash by
unserewing the four cap serews which hold it to the
transmission housing. Next jack up the transmission
housing and bloek it as shown, and jack up the engine
unit separately, also supporting the radiator from
the front axle with the supports illustrated in Figure
128. Remove the holts from the flange which holds
the engine to the transmission housing and the rear
part of the tractor can be drawn away from the
engine. When re-assembling, the two bolts just above
the erank case, one of which is shown in the illustra-
tion, should be inserted first, as their holes are reamed

.
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aceurately to serve as guides in aligning the engine
transmission housings.
“%hu engine is oiled by a civeulating splash \vilh}he
oil thrown from the fiywheel by centrifugal action.
Fresh oil is adged through the breather pipe at the
left hand side of the engine. At the side of the crank
easo are two smull pet eocks and oil showld be added
until it rans out of the upper cock. The oil level

——— )

cort

nive

CLINDERS

MAGNETE COMMUTATOR

Fizure 130.—Iznition Wiring Dingram.

should never be below the lower pet cock. The IEv{e'I
is best tested with the engine warm, but not while
running. The oiling system holds about two and one-
alf gallons,
h.’l‘h?engiue is eooled by water eireulated by thermo-
syphon action through a vertical ml;e_ rnd}nﬁur and
Jarge eylinder water juclets, as shown in Figare 129,
Air circulation is maintained by a belt driven fan
mounted on ball bearings and partially enclosed by
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a funnel or hood. T i v
eleven gallons of \\'sler}:‘: el helas el
The cooling system should be frequently drained
through the drain cock below the radiator and, with
e niin ill optn, 0-quantity of fresh water hanld
he 9][0\&011 to run through the system to I'cmor-a sueh
sediment as may have collected. The fins and rluhes
shonld be kept elean of chaif, seeds, dust, cte., on th
outside 5o that frea air cireulation 3 naf retarded X
The radiator n be vemoved by draining the

Flgure 131.—Adjustments of the Coll Vibrater,

water, removing the large f 3 ki

the four bolts g\z\'hich hol;c(hl::eimmn!‘ i
|l.|}|1;lr-_\-lmdcr head. '_l'hcn unserew the three eapserews
which hold !he radiator to the cylinder front m\-c.r
and the radiator may be lifted off. Care should b
us;d not to damage the gaskets. . i
nw:l:u?:.n ‘l;:f' ;}‘\:\{Id %Jfl :_;p]r(;tc(l regularly and, if

e ¥, d. his tightenin s

et by wooving tha sorr i hi sels B
nut m\llhe rear of the fan shaft and loosening this
nut 2 little. Then place a wreneh on the square enc‘l
of theshaft and tarn until the belt is sufficiently tight,
Whils holding, the wreeh in tiis’ pesition, tighten
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the nut and replace the cotter pin. The belt is tight
enongh when it just slips as the fan is turned by
hand.

The ignition system of the Fordson Tractor is much
like that of the Ford motor ear, including a magneto
of the same type, 2 Ttommutator on the front end of
the eam shaft and a four unit coil with vibrators.
The wiring arrangement is ghown in Figure 130 and
the eonstruetion of the vibrator in Figure 131, The
eylinders fire in the order 1.2-4-3.

FUEL SVSTEM

The tractor engine is started with gasoline for fucl
and, after beeoming heated to a slight degree, uses
kerosene as its ranning and operating fuel. A special
design vaporizer is used which heats the Lkbrosene
vapor and then mixes it with fresh, cool air to form
the final fuel mixture. The air supply is drawn
through water in an air washer which removes the
dust and thus reduces the wear on the eylinder walls.

Kerosene is carried in a twenty-on¢ gallon tank over
1he engine and the gasoline ;s carried in a two quart
tank attached to the air washer. Doth tanks are pro-
vided with drain plugs and in their filler caps are
small air holes which should not be allowed to stop up.

The eonstruction of the air washer is shown in
Figure 132, In addition to removing all dirt from
the incoming air, this device serves the purpese of
moistening the air w! assists in preventing pre-
ignition in the eylinders. n order to properly treat
the air it must enter the water at a cerfain distance
below the sarface. To compensate for differences in
water level a float is used which keeps the open end
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of the air guide the proper distance wnder water.
construction of the vaporizer for handling the

y be understood from Figures 133 and
134, which show side and end views of the device,
For starting the engine the shifter valve is turned to
wneover the letter “G* which allows gasoline to
enter the mixing chamber throngh a small passage
drilled in the valve.

£

Figure 132 v
Rl

After the shifier valve is turned to expose the letter
<K, the gasoline is shut off and the engine operates
on kowmu The liquid keroscne enters the
buretor through a fleat valve and its level is m
tained in the usual way. The liquid then passes
through the needle valve and spraying nozzle and is
mixed with a small amount of air coming through the
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primary air intake. This rich mixture passes through
the heated vapor tube, the shifter valve, the mixing
chamber and the choke tube, then passing to the
intake manifold after mixing with the balance of air
supplicd through the main air intake. A throttle
valve is located just underneath the ehoke tube.

In the top of the mixing chamber is an air valve
which automatically controls the quantity of air.
While this valve is on its seat it admits the air neces-
sary for idling and, as the throttle is opened, it
gradually lifts and maintains the proper proportions
of air and fuel vapor in the mixture.

The exhaust shunt valve is used to regulate the
amount of heat applied to the kerosene vapor tube.
When the lever is at the “‘ox’" position, the exhaust
gases pass around the vapor tube and give maximum
heating and when the lever is shifted to the “‘ore”
position the exhaust passes through the center of the
valve and is kept away from the tube. With the
engine idling, the lever must be shifted to the “ox"
position to avoid smoking and the deposit of soot.

The flow of kerosene is adjusted by the needle valve
which is operated from the dash. To make this
adjustment, the engine should be started and run on
gasoline for about two minutes with the shunt valve
open. The needle valve should be turned to the right
until it is seated lightly and then opened by turning
ahout two and one-half turns to the left,

Now turn the shifter valve to kerosene, place the
spark lever at about the fourth notch and open the
throttle until the engine runs at a good speed. The
kerosene adjustment should then be turned slowly to
the right, decreasing the flow, until the engine begins
1o misfire; then gradually turned back until the engine
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Flgure 134.—End View of Vaporizer.
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Worm Thrust Bearing-

‘Transmission and Worm Drive of

Figure 135.—Cluteh,

Tractor.
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reaches its highest speed without smoke from the
exhaust. In cold weather it may be necessary to give
the adjustment a little more opening.

Gasoline may be used as the running fuel if desired
by placing it in the main fuel tank and using it in
the same manner as kerosene, The engine should not
e run for more than fige minutes on gasoline from
the small tank beeause of danger of burning the vapor
heating tube.

The engine may be started on kerosene if it has
not been stopped for more than a minute, Tn such a
case it is necessary to pull the priming rod all the
way, and then to immediately push it back when the
engine starts.

TRANSMISSION AND CLUTCH

The transmission is of the constant mesh seleetive
type giving three forward speeds and one reverse
with all shafts mounted on annular ball bearings.
The eluteh is of the multiple steel dise type and the
final drive is by worm and worm wheel. The trans-
imission and the fina] drive are earried in one hous-.
ing and are lubricated by the same bath of oil. The
cluteh and steering gear are in the rear of the erank
case housing and are ciled from the supply in the
engine which is thrown upon them by the action of
the flywheel, The cluteh, the tr nission and the
worm gearing are shown in Figure 135.

“The cluteh consists of a driving set of plates which
§t six stnds attached to the engine fiywheel and
between each two driving dises is a driven dise, these
driven dises forming another set which fit six keys
in the cluteh drum attached to the drive shaft. While
the clutch is engaged, with the pedal released, the two
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sets of plates are foreed into close contaet by six
coiled springs so that power is transmitted through
them.

With the pedal pressed down, the spring pressure
is removed from the dises and they slip hetween each
other, thus permitting the engine to run free. No
adjustment is provided for the spring pressnre, it
being necessary to replace the old springs with new
anes should cantinued slippage oceur,

The cluteh may be removed after diseonnecting the
engine and transmission unit in the manner alread
deseribed. Then remove the nut from the end of the
drive shaft and pull the clutch off. The elutch
now be taken apart by remaving the cight bolts wh
hold the frant and rear housi
sembling, make sure that driving and driven plates
alternate. The two outside plates are driven mem-
bers with their slots on the outside edge.

After the tractor has been in use for some time the
cluteh pedal may styike the foot rest before the elutch
is fully released. 1 adjustment may be made by
first removing the air washer and the dash, then tak-
ing out the pin which holds the stecring gear sector
an the steering arm (inside the dash) and removing
the steering arm. The cam which fits on the end of
the cluteh pedal ean now be removed, advanced ona
or two notches to the right and replaced, heing sura
that the split ring whieli it holds is in place. 1f this
new position is satisfoctory, the dash may be replaced.

The various gear ratios are seeured by moving the
sliding gear members on the two transmission shafts
so that different pairs of internal and external tooth
eclutehes are engaged and different sets of gears used
to transmit the power. In the position shown in
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Figure 135 the gearing is i lh; neutral position ml:i‘
no power is t nsmitted, even with the rlu_:::h engaged.

n Figure o shown the four positions of the
gearing for the various speeds fur\\'arwl‘ and reverse.
The heavy Tines and shaded portions indieate the path
of the power and the gears that transmit it

igure, 135.—Gear Do
T Tatermedl
Lo

ons, Upper.

itpper
wor Tight-Rev

With the engine running at 1,000 revolutions a
minute (its normal rate) the four gear changes m:f
the tractor the following speed: LU\\:‘ gmor—.l,_:
siles an hour with the rear wheels turning 12 times
a minute. Intermediate gear—2%4 miles an hour with
the vear wheels turning 22 times a minute. Tligh gear
—6%4 miles an hour with the rear wheels turning ;4
times a minute, Rever: & miles an honr with the
rear wheels turning 21 times a minute, The correet
speed may be checked by commting the revolutions
of the rear wheels.
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There are no adjustments of the transmission
parts. Should the bronze bushing in the reverse gear
wear and allow the gears to become noisy when oper-
ating in reverse, it should be replaced with a new
bushing. The bearings will last indefinitely if kept
lubrieated and elean. Whenever the transmission is
taken apart, these hearings should be washed with
kerosene and carefully examined for g of the
races or chipping of the balls. Should h things
be found, the bearing should be replaced with a new
one.  On one side of the outer race of the ball bear-
ings will be found the words, “‘rukust nerg,"" and
this side should always be replaced in the same posi-
tion as found when taken apart.

The transmission gears may be removed by
separating the engine from the transmission housing
as shown in Figure 128 and then proceeding as fol-
lows: Drain the oil from the transmission housing
by removing the drain plug. Remove the gear shifter
caver by unserewing four cap serews which hold it
to the transmission housing. Unscrew the eluteh drum
nut from the end of the transmission drive shaft and
draw the elutch off. Remove the eight cap serews
holding the transmission plate and then, by pulling
on the drive shaft, the plate and the lower transmis-
sion shaft can be removed from the housing as a unit.
The upper transmission shaft with ifs gears can then
be removed.

THE REAR AXLE

The constrnetion of the rear axle of the Fordson
tractor is shown in Figure 137. This part contains
the driving worm and worm gear, the differential, the
axle shafts and the necessary bearings. Tt is lubri-
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cated by the same bath of oil that supplies the trans-
ission gearing.

l“ln dmgng nrﬁv work which requires that the axle
be taken apart, it is first necessary to remove the rear
wheels. This can be done by jacking up the rear end
of the tractor and removing the four bolts from each
hub by using the box wrench and bar found in the
tool equipment. Two of these bolts may then be
inserted in the threaded holes in the hub, these
threaded holes being found between those from which
the bolts were remov! The two bolts shonld then
be tightened evenly, one after the other auq alternat-
ing cach part of a turn, until the wheel is free on
the bushing. The hooked end of the ?:nr may then
be applied to the flange and the bushing forced off
the axle. In replacing the four serews, they should
be evenly tightened so that the ends o[_ the axle are
kept flush with the outside of the bushing.

To continue the work of removing the rear axle
assembly the oil should be drained from the trans-
‘mission housing, the twelve cap serews removed from
each of the housings and the housings lhgn drawn
off the axle shafts, The axle shafts and differential
may then be lifted out in one unit. The worm gear
and differential housing may now be taken apart by
removing the twelve bolts which hold them together.
To take the shafts from the differential gears, the
gears should be pressed Dback along the shaft until
the split locking ring is exposed, the ring removed
and the gear pressed off the shaft,

Tt the worm gear and differential are out of the
axle, the worm may be removed by taki ng the draw
bar cap off the rear end of the transy

sion honsing.
then inserting a block of wood through the side apen
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ing of the housing and gently tapping the worm out
through the rear.

o remove the worm from the transmission housing
while the worm gear is still in place, the draw bar
cap must first be yemoved by unscrewing the four
Dolts which hold it to the Thousing; then, by pushing
1he tractor forward, the thrust on the worm will force
it'out. The worm may he replaced by ins rting it and
turning it to the right as as it will go. Then
push the tractor slowly backward. If the worm does
not go into place properly with this method, put the
gear shift in the low speed position and, with the
switeh tarned off, erank the engine slowly while, at
the same time, moving the tractor forward. This
will cause the splines of the worm shaft to enter
those of the transmission gear and the worm will e
drawn into place.

The roller bearings at each end of the rear axle
housing should be kept well lubrieated by inserting
grease through the plugs shown in Figare 137. The
felt washers outside of the bearings should be re-
placed with new ones if dirty or badly worn.

FRONT AXLE AND STEERING

Steering is by means of a bevel pinion and gear
sector enelosed within the eluteh housing and lubri-
ented by the oil splash from the fiywheel. Should
much play or looseness develop in the steering gear,
it may be vemoved by Jisconneeting the two halves
of the sockets which surround the steering arm ball
and filing their surfaces until they make a snug fit
aronnd the ball. If the ball is badly worn it shonld
e replaced with a new one. Should the yoke ends in
the steering spindle arms appear to be loose, their
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steel bushings should be replaced with new ones. The
Dbushings in the front wheel spindle should also be
replaced if the spindle pin is loose.

The front axle and steering rods are shown in
Figure 138, The axle eenter is of *“I*" beam section
and is attached at its center to the front end of the
engine housing by means of a trunnion pin. The
front axle may be removed by diseonneeting the steer-

Siverng Drag Lisk
Suering Arm

Figure 136.—Front Axle and Steering Rods.

ing drag link from the steering ai disconnecting
the radius rods from the crauk case of the engine,
and removing the center trunnion pin.

To take the front wheels off it is necessary to
remove the hub eap, take out the eotter pin from
the nut and unserew the nut from the end of the
spindle. The wheel may then be drawn off together
with the outer ball bearing. The inner bearing may
then be taken off. In replacing the bearings, see that
the stamped faces of the outer rings face cach other.
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