














POWER goes to work

We have discussed two general methods of making an
- airplane go. The broad principle is the same in both of
them, but the way in which it is used is quite different. In
one case we have an engine turning a shaft and propeller
which pushes a mass of air backward. In the other case we
have a different kind of engine which acts directly in blow-
ing back a stream of hot air and exhaust gases.

What is going to happen in the future?

We don’t know. In some quarters, great things are
expected of jet propulsion. Other people swear that the
propeller can never be beaten. There is some talk of a
combination of the two in the same plane—a propeller
for low speed, low altitude work, and a jet for high speed,
high altitude flying. One thing we can be sure of. The most
effective, most efficient system will survive, and each
method will be used on the job for which it is best fitted.

But suppose we leave the airplane now. We have
touched on transportation on land and in the air, but we
still have one more medium—the sea. In the next section
we will show how the internal combustion engine is used
in the marine field, how power makes a boat go through the
water.
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A lot that we have said about airplanes also applies to
boats. The principles of making them go are very much
the same, but because water is different than air, we find
some differences in the way the principles are put to use.

Most of the earlier power ships used paddle-wheels to
move them through the water. The side-wheelers had a
big paddle-wheel on each side partly under water, so that
when the paddles were moving backward they were push-
ing on the water and when they were moving forward they
were pushmg only on the air, with little effect. We can
see a resemblance to the
wheels of an automobile,
. which push backward on

- the ground and thus make
the vehicle go forward.

But we get closer to it
if we compare it to an m.rplane We have mentioned
several times that an airplane moves forward because the
propeller is pushing a lot of air backward. A boat moves
forward because something is pushing a lot of water back-
ward. The paddle-wheels are pushing a stream of water
back on each side of the boat, and the reaction to that push
makes the wheels—and the boat—move ahead.

When we get to most present day
ships the resemblance isevenclearer,
because they use propellers just like
airplanes do. These propellers are
a different shape because they are
working in water instead of in air,
but they work just the same way.
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They are often called screws, or
screw propellers, and that is a good name
for them. A propeller actually is a
section of a screw, and it screws itself
through the water just like a screw goes
into a piece of wood. It moves a little
bit forward with every revolution. It
does not move forward quite as far as
. it should theoretically, because water is
not solid like wood. It gets churned up by the propeller
and the hull of the boat, and the propeller slips. And slip is
exactly what we call it. Slip is the difference between the
distance the propeller should move in one revolution (if
water were solid) and the distance it actually does move in
one revolution. It is the same situation we had with the
airplane propeller—geometric pitch minus effective pitch.
The slip varies depending on the kind of ship, the ship
speed, engine speed, and so forth, and in figures may range
from 109 to 509; or 607. In other words, the screw may
actually move almost as far as it should theoretically, or
it may move less than half that far.

The shape and weight of the hull have a lot to do with
the speed and efficiency with which we can make a boat
go through the water. Each ship has a natural speed at
which it will run most efficiently. All these things make a
difference in our choice of drive mechanism and propeller
—the size, shape, speed at which it runs, and so forth.
There are some gen- sa gl
eral rules about these
things which we will
get into later, but a
lot of it is a “‘cut-and-
try” problem. Quite
often we cannot fig-
ure out on paper the
best propeller for a
new ship, and some-
times two or three are
tried before the most

110

Marine

efficient one is found.

But before we get into -
any more details on the
propeller, let us look at the
rest of the system. We
know we must have an engine someplace, and that it
is an internal combustion engine. Steam engines and
steam turbines are used a great deal for marine service,
but as we stated in the beginning of this book, we are
limiting ourselves here to internal combustion power trans-
mission. That is a big enough subject by itself. In the
internal combustion field we have gasoline engines and
Diesel engines, but we will not try particularly to dis-
tinguish between those classifications. A number of gasoline
engines are used in small boats, but in the larger sizes the
Diesel engine has a wvast majority. These larger sizes
usually have a more complex system of power transmission
and consequently we will pay more attention to them, =o
most of the information in this section will be on Diesel
engine installations.

Diesel engines are used on a lot of different kinds of
boats—passenger and cargo ships, ferries and tug boats,
vachts, many military and Government vessels, and various
others. This means different kinds of jobs to do, and thus
different arrangements for hooking up the engine to the
propeller.

All through this subject of marine drive systems we
will find that we cannot be as definite or thorough as with
the automobile—or even the airplane—because there is
too much variation in the field. There are vessels of all
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sizes, large and small, and for all sorts of purposes. And
there is much less standardization even in ships of the same
size, There are more different ideas of the proper way to
build them. We cannot cover them all in a book such as
this, but will try to take care of some of the fundamentals.
But we must remember that the examples we show are
examples only, and may be only one out of many ways of
doing that particular job.

Propeller Drive

The simplest way to connect an engine and a propeller is
to join them solidly together with a straight shaft, and that
was the first arrangement commonly used. The propeller
turned at the same speed as the engine, and turned all
the time the engine was running. In order to make the boat
back up it was necessary to reverse the engine itself; that
is, we could change the timing of the valves and ignition
so that the crankshaft would revolve in the opposite
direction.

This arrangement worked all right on certain jobs,
though it was rather clumsy and sometimes inefficient, But
it ran into trouble when engines began to change, when we
started to build engines to run at higher speeds. By run-
ning engines faster we can get more power from them, or—
what is really the same thing—we can get the same power
from a smaller, lighter engine. The old, heavy Diesel
engines with a top speed of less than 200 revolutions per
minute were fine for this system, but when we went to
higher speeds it was too fast for the propeller. It is the
same situation we mentioned in connection with airplanes.

8o we add a reduction gear.

Marine

Each propeller has a speed
range in which it works
best. The best speed may
vary according to condi-
tions under which it is
working, but in general it
is lower than we want to
run the engine.

So we add a reduction
gear. By that we mean a
speed reduction gear. We
can put a little gear on the engine shaft and a big gear on
the propeller shaft. This lets us run the engine fast and the
propeller slow. Usually the ratio is around 3 to 1 or 4 to 1.

Various types of gears have been used for speed reduc-
tion. For large engines and heavy loads,
herringbone, or double helical, gears are
most popular because they eliminate side
thrust. They are likely to be much wider
than we usually think of gears, in order
to spread the load over as great an area
as possible. But they of course do just the
same thing as the simple spur gears we
showed above.

One recent installation which is somewhat unusual
uses a bevel gear arrangement very much like an auto-

Like an aufomobile rear axle,
113



POWER goes to work — —

mobile rear axle. The engine stands up on end, the crank-
shaft being vertical. A small pinion is fastened at the
bottom which meshes with a ring gear on the propeller
shaft. Thus we turn the power around a corner and get
our speed reduction at the same time.

Any of these arrangements adds weight and complica-
tions to the system. But the advantages more than make
up for it. As a definite example, take a small eruiser with
a 100 horsepower engine running at 3000 revolutions per
minute. We would use a propeller 13 inches in diameter.
With a 3 to 1 reduction gear, keeping the propeller down
to 1000 R.P.M., we could use a 24 inch propeller. The
increase in overall propulsion efficiency from this larger
propeller at slower speed would more than make up for
the additional cost and complication by a wide margin.

And there are some other advantages in getting rid
of that direct, solid connection between engine and pro-
peller. It lets us locate the engine in places we couldn’t
put it before. It doesn’t have to be directly in front of and
in line with the propeller. We can often save space, or at
‘least we can put the engine in a more convenient place
which will give us more usable space. Just as an example
we can put the engine in the stern of the boat, with a shaft
running forward, and gear it to another shaft which runs
backward again to the propeller at the rear. This gives us
much more space to use in the center of the boat.

The arrangement we just described of the vertical en-
gine with pinion and ring gear is another example of what
can be done along this line. There are a lot of different
ways we can arrange the engine, reduction gear, and pro-
peller, and it usually depends on the particular conditions
—where we want the most space, what the boat is to be
used for, and so on.

There is another
thing which is made
easier by the use of a
reduction gear—or at
least some kind of gear-
ing—between the en-
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gine and propeller. That is the use of more than one
engine to drive a single propeller. Quite often it is easier
and more practical to have two or more engines drive
one propeller than it is to have one great big engine. If
we are going to have a set of gears in the system anyway
it is a comparatively simple matter to add another gear.
Then we have two engines and two gears driving one gear
which is fastened to the propeller shaft. The engines are
turning in the same direction. One gear is exerting a force
downward on one side of the propeller shaft gear, and the
other is exerting a force upward on the other side. So they
are both twisting the propeller in the same direction, and
the torque of the two engines is added together. If the
gears on the engines are small and the gear on the pro-
peller shaft is large, we have our reduction gear and at the
same time a means of hooking up two engines to one
propeller.

Two engines are not the limit for this system. One
arrangement which has been used a great deal by our
Navy is known as the “quad”. It consists of four Diesel
engines fastened together driving one propeller. It is es-
sentially the same as we showed above, with two more
engines added on the other side of the gear box. The gear-
ing is in the middle, with two engines driving each pinion,
or small gear. These gears are moved up toward the top
of the large gear, so that the propeller shaft can pass under
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one pair of engines. Each engine has its own clutch, a fric-
tion disc clutch just about like that in an automobile.
This allows any engine to be disconnected and stopped at
any time without interfering with the operation of the
others,

The quad was used partly because engines were needed
at once and this type of six-cylinder Diesel could be
obtained in a hurry and the larger engines could not. It
might not be done this way under ordinary circumstances,
but it did prove to be very satisfactory. The way in which
the engine had been designed at an earlier date made it
possible to put four of them together in a very compact
unit.

Many installations of a Diesel engine and reduction
gear make use of a hydraulic coupling or fluid flywheel. This
works exactly the same as an automobile fluid flywheel,
but may be a lot bigger. Some of them are almost twice
the height of a man. It is placed between the engine and
reduction gear, and prevents torsional vibration of the
engine from reaching the gears. It also protects the system
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are especially valuable in‘%{‘
multiple engine installa- :
tions, where we have two 7 . % o>
or more engines driving < -
one propeller. They make
it easier for the engines .
to share the load equally, and prevent any trouble in one
engine from interfering with any other engine. Many of
them have an arrangement for changing the amount of
oil inside the coupling, which means that the amount of
slip—and thus the speed—can be changed. When the oil is
entirely removed, the engine is completely disconnected
from the gear and propeller, just as if there were a friction
clutch in the system. Thus one engine can be shut down
for repairs or service, while the ship continues under the
power of the other engine or engines.
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Reverse Gear

A boat must be able to back up. It is like an automobile in
that respect. In both cases we do practically all our travel-
ing in a forward direction, and if we always had plenty of
space around us we could probably get along all right with-
out any way of reversing. But we have crowded streets,
garages, parking in small spaces, and such things, and with
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boats we have to maneuver them into docks and we often
get them into places where the only way out is by going
backward. Also the only brake we have on a boat is the
propeller trying to push it in the opposite direction. So we
must have on a boat something corresponding to the reverse
gear in an automobile transmission.

There are several ways we could do this. We have
already mentioned one in describing the direct-connected
propeller. There we stop the engine itself and make it run
in the opposite direction. This gives us the result we want,
and has been used widely in ships, but it has some dis-
advantages. It is easier to build an internal combustion
engine which always turns in the same direction, so usually
we build them that way and put something behind the
engine to give the same effect.

Reverse gears are made up of various combinations of
gears and clutches. We could take an ordinary auto-
mobile transmission and put it between the engine and
the propeller. We would need a clutch to disconnect it
from the engine while we shifted gears, and with this
combination we would be able to go forward or backward,
or stand still in neutral.

We could arrange this transmssion to give the speed
reduction we wanted also. The reverse gear is often com-
bined with the reduction gear, though not in the way we
have just mentioned. We show one arrangement which is
commonly used. The engine drives the outer case of a
double clutch. When the first clutch is engaged and the
second clutch is released, the power flows from the engine
to the first clutch, which drives an inner shaft passing
straight through the first set of gears without being con-
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nected to them. This shaft drives the pinion on top of the
larger gear, and so we have simply an ordinary reduction
gear driving the propeller in the forward direction.

To get reverse we release the first clutch and engage
the second one. The power then goes by way of the second
clutch to drive the hollow shaft which is fastened solidly
to the first gear. This drives the second gear which in turn
drives the lower pinion meshed with the large reduction
gear. As the arrows show, the large gear is turning in a
direction opposite to that in the first case, so the propeller
is turning in a reverse direction. Thus we always have the
reduction gear in operation, but whether or not the reverse
gear is working depends on which clutch is engaged. When
both clutches are released, the engine is disconnected from
the rest of the system and we have no drive in either
direction.

There are otner types of reverse gears, including some
using arrangements of planetary gears. And there are other
ways of getting the same result without using gears to
make the propeller shaft go around in the opposite di-
rection. One of these ways is to do it electrically, We will
discuss this in the next section, in which reversing is just
one feature of the electric drive.

We will also discuss a little later another way of doing
it—by using a reversible pitch propeller. In this case we
always turn the propeller in the same direction, but we
twist the blades around to a different position. They are
twisted around so that they push frontward on the water

ENGAGLD = RLVERSE-REDUCTION GEAR
DISENGAGED memmsss REDUCTION GEAR

Reverse-reduction gear.
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instead of backward. Thus they try to make the boat go
backward instead of forward. But we will see more details
of that in the section on propellers.

We might mention here that a ship often has more
than one propeller. Many of them have two, and some
even more. This ordinarily means two or more complete
systems of engine or engines, reverse and reduction gears,
propeller shaft, and propeller. One ship using the quad had
two propellers, so in this case we actually had eight engines
driving the vessel. With two propellers, they are arranged
to turn in opposite directions; that is, one goes clockwise,
the other counter-clockwise, when they are both driving
the ship forward. They can be used to assist in steering and
maneuverability by reversing one propeller while the other
is kept in the forward position. This gives somewhat the
same effect as pushing on one oar and pulling on the other
in a row boat.
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Electric Drive

Another way to connect a Diesel engine to a propeller is
by electricity.

The Diesel-electric drive used on many ships is essen-
tially the same thing we talked about for busses and rail-
road locomotives. There 15 no mechanical connection
between the two—nothing but wires. A large electric
generator is fastened solidly to the engine. As the engine
drives this around it produces electricity which is carried
by large wires, or cables, to an electric motor. This motor
is connected to the propeller shaft, and as the electricity
from the generator causes the motor to run, it of course
turns the propeller.

The generator and motor may be of the alternating
current (A.C.) type, but we are more likely to find direct
current (D.C.) used. The speed of the motor varies ac-
cording to the voltage furnished to it by the generator—
high voltage, high speed—low voltage, low speed. We
won't try to go into details of the electrical control system,
but will simply say that means are provided to change the
voltage of the generator any time we wish to. Thus the
speed of the propeller and the speed of the ship can be
easily controlled, and the controls can be put anywhere
on the ship.

The same thing holds true for reversing the ship.
Instead of having any kind of gearing to make the propeller
shaft rotate in the opposite direction, the electrical hook-
up is arranged so that the propelling motor can be run the
other way. The engine and generator always run in one
direction, but the motor can run either way depending
on how the controls are set. These controls can be remote,

CABLES MOTOR

GEMERATOR
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g0 the whole system can be run from the bridge or pilot
house or any other place on the ship selected for it. Thus
one man can stop or start the ship, back it up, make it go
faster or slower—all without having to relay messages to
and from the engine-room.

We often have a reduction gear even with this electric
drive. It iz placed between the motor and the propeller.
The main reason for it is that if we can run the electric
motor faster and reduce the speed behind it, we can use a
smaller, lighter motor for transmitting the same horse-
power. And it also gives more flexibility in arranging
multiple motor installations. There are all sorts of different
combinations used with the electric drive just as with the
mechanical drive—two engines and generators with two
motors geared to a single propeller, one engine with two
motors and two propellers, four engines with four motors
geared to one propeller shaft, and various others.

The Diesel-electric equipment for ships is heavy and
expensive, just as we found out earlier in connection with
land transportation. But the equipment it replaces is quite
hzavy, too, and it has a number of advantages. The en-
gine or engines can be located anywhere in the ship, even
up on deck if there were anything to be gained by it. And
they can be put in any position, that is they do not have to
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be lined up with the propeller shaft. The only thing which
is really necessary is that the motor be in the right position
and in line with the propeller. For the rest of the equip-
ment we can lead the cables any place. This is a big help
to the ship designer in laying out the ship, as he can
arrange things so they will be most efficient for the partic-
ular job the vessel is supposed to do. There is no long
propeller shaft, which sometimes wastes space which would
otherwise be useful. The electric drive does not save on
weight or space, but it allows us to make better use of the
space, which usually means more money earned by the
ship regardless of its business.

Another advantage of this type of drive is that it means
we have a complete power plant on board which can be
used for many things beside propelling the ship. Many of
the smaller auxiliary loads can be handled by the gener-
ators while they are driving the ship, but the greatest
value is on jobs where the auxiliary load is high when the
ship is at rest. No separate power plant must be provided
for handling cargo, as the full power of the engines is avail-
able when the ship is at the dock. Fire boats, dredges, and
some fishing boats can make full use of this arrangement,
as their greatest requirements come when the engine is not
needed for propulsion. The main engines are really acting
also as auxiliaries, and the controls are set up in such a way
that they can be switched from one to the other very
quickly. It usually means that the vessel is better equipped
for all purposes.

The main engines act also as auxiliaries.
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Propellers

A propeller is sometimes defined as a device to convert
torque into thrust. That is, it takes the twist produced by
an engine and changes it into a straight-line force pushing
the eraft through the water.

|G ATEAT L - L e
Wﬁ?ﬁﬁ?ﬁ?ﬁﬁﬁrd, boat moves forward.

It can do this because it is really a screw. It screws
itself through the water, and in so doing it pushes a lot
of water backward. The reaction to this push makes the
propeller and boat move forward. The shape of the blades
is what makes it a screw. They are set at an angle and
curved, so that while each blade is traveling through the
water sideways it is at the same time giving a push at right
angles to this.

Most propellers have three blades, but two and four
blade propellers are also common. The two blade variety
are only on small, high speed craft or sailboats with
auxiliary power; the four blade type on large ships. Some
are made solid, with
the blades and hub
all one piece. Others
are built-up, the in-
dividual blades being
set in and fastened
tightly to the hub.
There are a great
many different shapes
of blades. Probably

Two-blade propeller.
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most of them are elliptical, but even here there is a lot of
variation, as some of them are long and skinny while others
are short and almost circular. Which type should be used
depends on what type of service it is going to be used in. For
example, a heavy work boat with a slow speed engine would
probably have a propeller with rather square-tip blades,
which would give more working area out near the tip. A
faster boat with faster engines might have a thinner blade,
with its greatest width nearer the center of the blade.
Many blades are unsymmetrical and some very queerly
shaped. The one on the right in the illustration is made
particularly for waters with lots of weeds or driftwood; it
does not get tangled up or damaged so easily.

If we saw a blade in two and look at the cross-section,
we find just about the same shape we found when we cut
across an airplane wing or airplane propeller. Marine pro-
pellers used to be more or less symmetrical in cross-section,
but lately the trend has been toward the airfoil shape.

Propellers are usually classified according to three
things—direction of rotation, diameter, and pitch. If we
stand behind a boat and look at the propeller, a right
hand propeller will turn clockwise—that is, when it is
driving the ship forward. If it
turns counter-clockwise, it is a
left hand propeller. Ordinarily a
single propeller, or one on the
center-line of the boat, is right
hand. With two or more pro-

—
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pellers, the one on the starboard (the right side looking
forward) is usually right hand, and the one on the port
(the left side) is left hand.

The diameter of a propeller is of course the diameter
of the circle passing through the tips of the blades. Every-
thing else being equal the larger the diameter the greater
the horsepower it can handle. Or to put it the other way,
the greater the diameter the more horsepower is required
to turn it at the proper speed.

The pitch is just what it was in airplane propellers. It
is the distance the propeller would travel forward in one
revolution if it were turning in something solid like wood
where there was no slip. Both the diameter and the pitch
are usually measured in inches, and when we speak of
a 207 x 24" propeller, we mean a propeller 20 inches in
diameter which with no slip would move forward 24 inches
with each revolution.

It is not an easy job to select a propeller of the right
size and pitch for a certain boat. The mathematics of
propeller design are complicated to say the least. There
are several ways to figure theoretically what a propeller
will do under certain circumstances, but we will not get
into that here. Even with a full understanding of the
theories we can not always pick the best propeller for a
particular job. But by a eombination of theory and practical
experience we can usually come close to it. At least we can
tell which way to change things in order to make them
right. And by means of this combination of theory and
practice, the design of propellers has improved continually,
and today they can do many things considered impossible
a few years ago,

The main reason it is hard to pick the best propeller
for a certain job is that
there are so many factors

E;.t’fu involved. There are eight

l_ ‘#@ things which must be
\@Q taken into account, and
= ety they are all more or less
Y, mixed up together. That
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is, each one affects one or more of the others, and if we
change one we usually have to change something else.
These eight items are:

Engine horsepower

Engine (or propeller shaft) speed.
Shape and weight of ship.

Ship speed.

Slip.

Propeller diameter.

Propeller blade area and shape.
Propeller pitch.

Usually some of these are definitely established and
cannot be changed very much, such as the design of the
hull and the engine power. Others can be estimated from
experience; for example, with certain conditions given, a
man familiar with
this sort of business
could tell you that the .
slip would be approx-
imately 207;,. With
this we can start
figuring the right

pitch for the propeller Propaies werk under widsly
from the engine speed varying condilions.

and the desired ship speed, or we can estimate the speed
of the ship with a certain propeller. If the propeller turns
g0 many revolutions per minute and the pitch is so many
inches, we can multiply these together and find how many
inches the propeller will move forward in a minute. This
is the theoretical figure, however, and we must take away
20 for the slip. This gives us the actual ship speed in
inches per minute, which can be changed over to the more
usual miles per hour.

The diameter and blade area of the propeller will
probably be chosen according to the horsepower of the
engine. But it is not as simple as all that. If we reduced
the pitch we could use a propeller of greater diameter,
perhaps keeping the same blade area by changing the shape.
If the hull was light and easy pushing, the slip would be
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less and we could use a pro-
peller with greater pitch,
or we could run the engine
faster. If we used a smaller
propeller or reduced its
pitch, we might be able to
run the engine faster and
produce more power. And
so on, and so on. We can
spe that there are lots of
different ways we can do
this, and that each of them
probably means a compro-
mise of some sort. As is usually the case in such matters,
we have to sacrifice a little in one direction in order to get
something else we want.

There is one way we can avoid some of these compro-
mises, That is by using a variable pitch propeller. Variable
pitch or controllable pitch propellers are just what they
are in airplanes—they have blades which can be turned or
twisted to change their angle. 1 hus it changes their “bite”
on the water and changes the distance traveled forward in
each revolution. And when the blades are twisted far enough
they reach a point where the propeller begins to exert a
thrust in the opposite direction, and tries to reverse the
motion of the boat.

Such propellers have been used for a number of years,
but they were mostly small, two-bladed propellers on
small boats and sail boats with auxiliary power. Some of
them were primarily reversible pitch propellers, having
only forward and reverse positions, and used in order to
eliminate a reverse gear. In sail boats the main reason for
them was to feather the
blades—that is to turn the
blades so their edges were
straight forward in order
that they would offer little
resistance when sails were
being used rather than the
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engine. These did
not try to take full
advantage of the
variable pitch
principle, and little
wasdonewith them
in the larger sizes,
Probably the big-
gest reason for this
was that many
people thought
they would not
stand up properly,
that maintenance
costswould be high.

In recent years, however, there has been more interest
in this subject. A larger controllable pitch propeller has
been designed and has been used successfully on several
Navy craft. This is a three-bladed propeller which can
handle well over 1000 horsepower.

The blades are of course separate from the hub. The
shafts or spindles of the blades are inserted into the hub,
and are nested together in such a way that they form a
triangular opening in the middle. These shafts have teeth
on them, and a three-sided rack or gear fits into the opening

’ and meshes with
the teeth. Then
whentherack
moves backward or
forward it twists
the shafts and
.changes the pitch
of the blades.

The rack is on
the end of a long
shaft which runs
right through the
center of the hol-
low propeller shaft
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and turns with it at all times. It is moved back and forth
by a large screw driven by an electric motor, so it can be
controlled electrically from any point to which wires can
be run.

One of the biggest advantages of such a propeller is of
course that we do not need a reverse gear. The engine, pro-
peller shaft, and propeller all turn in one direction all the
time. We simply reduce the pitch of the propeller all the
way to zero, or neutral, and then keep on twisting the blades
until the pitch is in the opposite direction. The blades
are then at such an angle that they push water forward and
the propeller moves backward. It is much the same as if
we had two propellers on the same shaft and could choose
either one at any time; one would push the boat forward
and the other would push it backward.

One of the first places this propeller was used was with
the engine we mentioned earlier which stands on end, the
crankshaft vertical. Light weight was very important in this
installation, and by using the reversible pitch propeller and
the ring gear and pinion, a great deal of weight was saved
over the conventional reduction and reverse gear arrange-
ment,

But there are a number of other advantages we get
from being able to change the pitch of the propeller when-
ever we desire. It means there is one less thing we have to
worry about or compromise on in selecting our propeller.
And it means we can take care of different conditions we
may run into without the efficiency going way down.
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For example, suppose we chose a propeller with a cer-
tain pitch and diameter which would be best for the peak
horsepower of the engine. But then at part load that would
not be the best combination of pitch and diameter. We
want to change something. It would be hard to change the
size, but with this propeller we can change the pitch. We
can increase the pitch to give us lower engine speed and less
fuel consumption. It is much like the overdrive in an auto-
mobile—we can get a certain ship speed with a lower engine
speed by increasing the pitch of the propeller.

Sometimes we need a very slow ship speed —slower than
we want to run the engine. With a low pitch of the pro-
peller we can go very slowly with the engine running at a
convenient speed.

We can use the same propeller on different ships if we
can vary the pitch. And we can change the pitch according
to the load, or the job there is to do. This is especially
helpful to something like a tug boat, which may have no
load one minute and be straining at an ocean liner the next,
So there are advantages to a variable pitch propeller in
the water just as there are in the air.

it
AHEAD PITCH HEUTRAL PITCH
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We have just hit the high spots of marine propulsion
systems, and probably not all of those. There is such a
variety in this field, mainly because ships are usually
designed individually. They are not turned out in mass
production with hundreds of thousands built just alike as
we do with automaobiles.

But the principles do not vary so much, and the individ-
ual pieces are much the same. It is a question of combining
and arranging them in different ways, and deciding how
many of each we want. It is something like children’s
building blocks. Using the same pieces we can make a
castle, or a tower, or a castle with a tower on it, or two
towers on it, and so forth.

1t all depends on what we need or want for the particular
purpose. After we decide how many engines we want, how
many propellers, what speeds we can use, then the pattern
for putting them together is fairly well established. As
always, what we are trying to do is take the power from
the engine and use it to move the vehicle in the most effi-
cient way for its particular job.
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We have looked at the three fields of transportation. We
have seen how the internal combustion engine is used to
propel vehicles on land, in the air, and on the sea. We have
found that there are different problems in each case, that
each field has certain things which must be taken into
consideration. Certain characteristics are important in one
case and do not matter particularly in the others.

In the automobile we have wheels doing the driving.
We must use the power of the engine to turn those wheels
and push the car forward. And it must do that over a wide
range of conditions. An automobile must be able to go fast
and slow with equal ease. It must start from rest and accel-
erate quickly. It must go up hills and down hills, on mud
roads and smooth pavement. All this means that we need a
lot of flexibility in both engine and transmission.

In an airplane we have a propeller instead of wheels.
The engine turns a propeller to make the plane go. And
any mechanism we use for this must be light in weight.
It is desirable to keep the weight down in any vehicle, but
it is especially important in an airplane and is the one
thing always kept in mind when working in this field.
What seems light to an automobile or marine engineer may
be ridiculously heavy to an aircraft designer. There is
another consideration also which affects only the aircraft
field. That is altitude, and particularly the thinning out of
the air as we go up. If it were not for this we would have
a much easier time selecting a propeller and deciding on
other features of the system.

A boat also uses a propeller. But it is working in water
instead of in air, so we have quite a different problem.
The principles are much the same, but the shape of the water
screw is different and we have some new factors to consider.
Long life is as important as light weight in the marine
field, which influences our design. And we have multiple
engine installations to complicate matters.

133



POWER goes to work

So each field has its own peculiarities. But at the same
time we can find much in common. We have an engine
furnishing power in the form of a twisting force, and we
must transmit that twist to a point where it can turn the
wheels or propeller. That is the first requirement—simply
to get that power from one place to another—and we have
to do that in all cases.

But we also change that power while we are transmit-
ting it. And we find that we do much the same thing
whether it 158 in an automobile, boat, or airplane. We
increase the torque and decrease the speed. We run the wheels
or propeller at a slower speed than the engine, but with a
greater twisting force. Usually we do it with gears, but we
may do it hydraulically or electrically. But the final result
is the same—torque becomes larger, speed smaller.

The real reason behind this lies
in the fundamental characteristics
of the internal combustion engine.
It is a high-speed engine. That is,

L-;; to get the most power out of a
given-size engine, it has to run
fairly fast—at least faster than we

want the wheels or propeller to turn. We can not run an
engine at a slow speed and get the torque or twist we need
to propel a vehicle efficiently. So the easiest thing to do is
just what we have described —run the engine faster and use
some sort of a transmission to reduce the speed and in-
crease the torque.

Thus our power transmission system is largely depend-
ent on the type of engine we use it with. [t is the over-all
effect of the engine-transmission combination that we are
interested in. If new types of engines should be developed
in the future, our transmission system will change accord-
ingly. What way it will change depends on how the engine
changes. We have seen that in a jet propulsion system the
source of power, the transmission of power, and the vehicle
propelling force are all mixed up together. There isn't any
rotating, twisting force; the power is a direct thrust as it
comes from the engine, There really isn’t any transmission.
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On the other hand the gasoline turbine, which is related to
jet propulsion and which many people consider the most
promising future power plant, goes a step in the other
direction. This has a rotary motion and furnishes a twisting
force just like a piston-type engine, but it runs much faster.
It turns at even higher speeds. So with this we will have
to use more gears instead of less—or something equivalent
to gears.

Transmission systems will undoubtedly change whether
or not engines change. And they will change for the better.
They will be more efficient, quieter, smaller, more auto-
matic or more convenient for the operator. Progress due to
research and invention will be apparent in this field just
as in every other. But the fundamental purpose will be the
same—to take power from the engine, deliver it to the
proper place and in the proper form, and use it in the best
way to make the vehicle go. That is power transmission,
on land, in the air, and on the sea. That is how POWER
GOES TO WORK.
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