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PREFACE

Basic Machines is written as a reference for the enlisted men in the
Navy whose duties require knowledge of the fundamentals of machinery.

Beginning with the simplr. ¢ o machines—the lever—the book proceeds
with tte discussica of block and tackle, wheel and axle, inclined plane,
screw and gears. It exnlains the concepts of work and power, and dif-
ferentiates between the terms "force" and "pressure.’” The fundamentals
of hydrostatic and hydraulic mechanisms are discussed in detail. The
final chapters include several examples of the combination of simple
mechanisms to make complex machines.

As one of several basic Navy Training Courses, this book was p~- -
pared by the Education and Training Support Service, Washington, D.C.,
for the Chief of Naval Personnel,
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CHAPTER 1

LEVERS

YOUR HELPERS

Ships have evolved through the ages from
crude rafts to the huge complex cruisers and
carriers of today’s Navy. It was a long step
from oars to sails, and another long step from
sails to steam. With today’s modern nuclear-
powered ships another long step has beentaken.
Each step in the progress of shipbuilding has in-
volved the use of more and more machines, until
today’s Navy men are specialists in operating and
. maintaining machinery. TheBoatswain operates

the winches to hoist cargo and the anchor; the
men in the engine room operate pumps, valves,
generators, and other machines to produce and
control the ship’s power; men in the weapons
‘department operate shell hoist, and rammers;
elevate and train the gunsancd missile launchers;
the cooks operate mixers and can openers; men
-in the CB rates drive trucks, operate cranes,
‘graders, and bulldozers. In fact it is safe to
“say every rate in the Navy uses machinery

.- some time during the day’s work.

Each machine used aboard ship has made
the physical work load of the crew lighter. You
don’t walk the capstan to raise the anchor, or
heave on a line to sling cargo aboard. Ma-
chines have taken over these jobs, and have
simplified and made countiess others easier.
Machines are vour friends. They have taken
much of the backacke and drudgery out of a
sailor’s life. Reading this book should help
you recognize and understand tiie operations
of many of the machires you see about you.

WHAT IS A MACHINE?

As you look about you, you probably see
half a dozen machines that you don't recognize
as suck. Ordinarily you think of 2 machine
as a complex device—a gasoline engine or a
typewriter. They are machines, tut s0 is a

hammer, a screwdriver, a ship’s wheel. A
machine is any device that helps wvou to do
work. It may help by changing the amount of
the force or the speed of action. For example,
a claw hammer is a machine-you can use it to
apply a large force for pulling out a nail. A
relatively small pull on the handle produces a
much greater force at the claws.

We use machines t¢ TRANSFORM energy.
For example, a generator transforms me-
chanical energy into electrical energy. We use
machines to TRANSFER energy from one place
to another. For example, the connecting rods,
crankshaft, drive shaft, and rear axle transfer
energy from the automobile engine to the rear
wheels.

Another use of machines is to MULTIPLY
FORCE. We use a system of pulleys (a chain
hoist for example) to lift a heavy load. The
pullev system enables us to raise the load by
exerting a force which is smaller than the
weight of the load. We must exert this force
over a greater distance than the height through
which the load is raised; thus, the load moves
more slowly than the chain on which we pull.
A machine enables us to gain force, but only
at the expenge of speed.

Machines may also be used to MULTIPLY
SPEED. The best example of thisisthe bicycle,
by which we gain speed by exerting a greater
force.

Machines are also ugsed to CHANGE THE DI-
RECTION OF A FORCE. For example, the
signalman’'s halyard enables one end of the
line to exert an upward force on 2 signal flag
as a downward force is exerted on the other
end.

There are only six simple machines—the
LEVER, the BLOCK, the WHEEL a.d AXLE, the
INCLINED PLANE, the SCREW, and the GEAR.
However, physicista recognize that there are
only two basic principles in machines; namely,
the lever and the inclined plane. The wheel and
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axle, the block and tackle, and gears may be
considered levers. The wedge and the screw
use the principle of the inclined plane.

When you are familiar with the principles
of these simple machines, you can readily
understand the operation of complex machines.
Complex machines are merely combinations
of two or more simple machines.

THE LEVER

The simplest machinc, and perhaps the one
with which you are most familiar, is the LEVER.
A seasaw is a familiar example of a lever in
which one weizht balances the other.

There are three basic parts which you will
find in all levers; namely, the FULCRUM (F),
a force or EFFORT (E), and a RESISTANCE
(R). Look at the lever in figure 1-1. You see
the pivotal point F (fulerum); the EFFORT (E)
which you apply at a distance A irom the ful-
crum; and a resistance (R) which acts at a dis-
tance = from the fulcrum. Distances A anda
are the levor arms.

CLASSES OF LEVERS

The three classes of levers are shown in
figure 1-2. The location of the fulcrum (the
fixed or pivot point) with relation to the re-
migtance {(or weight) and the effort determines
‘the lever class.

:First-Clags Levers

In the first-class lever (fig. 1-2A), the
fulcrum is located hetween the effort and the
‘resistance. As mentioned earlier, the seesaw
is a2 good example of the first-class lever.

191.1

Figure 1-1.—A simple lever.

The awmount of weight and the distance from
the fulerum can be varied to suit the need.
Another good example is the oars in a row-
boat. Notice that the sailor in figure 1-3 ap-
plies his effort on the handles of the oars. The
oarlock acts as the fulerum, and the water acts
as the resistance to be overcome. In this case,
as in figure 1-1, the force isapplied on one side
of the fulerum and the resistance to be over-
come is applied to the opposite side, hence this
is a first-class lever. Crowbars, shears, and
pliers are common examples of this class of
lever.

Second-Class Levers

The second-class lever (fig. 1-2B) has the
fulecrum_ at one end; the effort is applied at the
other end. The resistance is somewhere be-
tween these points. The wheelbarrow in figure
1-4 is a good example of a second-class lever.
If you apply 50 peunds of effort to the handles
of a wheelbarrow ¢ feet from the fulcrum {wheel),
you can 1ift 200 pounds of weight 1{oot from the
fulcrum. If the load were placed farther back
away from the wheel, would it be easier or harder
to Lifi?

Both first- and second-class levers are
commonly udsed to help in overcoming big
resigtances with a relatively small effort.

FULCRUM

vL a

EFFORT

WEIGHT
BA. CLASS ! LEVER

EFFORT

FUZRUI ‘ f

WEIGHT

§. CLASS 2 LEVER
EFFORT

FULCRUM

<

wLiGNY

5.30

€. CLASS 3 LEVER

Figure 1-2.—Three classes of levers.
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Third-Class Levers

There are occasions when you will want to
- speed up the movement of the resistance even
“though you have to use a large amount of effort,
~Levers that help you accomplish this are
third-class levers., As shown in figure 1-2C,
-the fulerum is at one end of the lever and the
weight or resistance to be gvercome is at the

131.3

Figure |-4.~This makes it easier.

RESISTANCE

131.2

Figure 1-3.—0ars are levers.

other end, with the effort applied at some point
between. You canalways spot third-class levers
hecause you will find the effort applied between
the fulcrum and the resistance. Look at figure
1-5. It is easy to see that while point E is
moving the short distance e, the resistance R
has been moved a greater distancer. The speed
of R must have been greater than that of E,
since R covered a greater distance in the same
length of time.

Your arm (fig. 1-6), is 2 third-class lever.
It is this lever action that makes it possible
for you to fiex your arms so quickly. Your
elbow is the fulcrum. Your biceps muscle,

131.4

Figure 1.5.—A third.class lever.
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Figure 1-6.--Your arm is a lever.

ich ties onto your forearm about an inch be-
the elbow, applies the effort; and your hand
1e. resistance, located some 13 inches from
the fulcrum.  In the ‘split gecond it takes your
iceps ‘musele to contract an inch, your hand
‘moved through an 18-inch arc. You know
experience that it takes a big pull at E to
-a relatively small resistance at R,
emind yourself of:this principle, try

inches from the hinges {fulcrum). The
ral_is_ youdm’t use third-class: levers to do

One. convenient thing about machines is that

ﬂleuopemm,uwellastheiorcesthey wilt
- Consider -for a moment the firsi-class
r. Suppose youhaveanironbar, like the one
shown in . figure 1-7.

_ ﬂnedeckwhueyouslldeadouyunder

adoorbypushimmitabmnthree-

determine ‘nadvancetheforces required’

: This bar is 9 feet long, .
' 'you ‘'want‘to uge it to raige -a 300-pound -

. But ynus:an _exert :_only_: loog-pmmda

holdlng 'the 1id. is 30 pounds.

RESISTANGE/,\[ EFFORT
{(E)

110.4
Figure 1-7.-~Easy does it.

This leaves a G-foot length of bar from the
fulerum to the point where you push down.
The 6-foot portion is three times as long as the
distance from the fulerum to the center of the
crate. But you lifted a load three fimes as
great as the force you applied--3 x 100 = 30C
pounds. Here is an indication of a direet
relationship between lengths of lever arms
and forces acting on those arms.

You can state this relationship in general
terms by saying..the length of the effort arm
is the same number of times greater than the
length of the resistance arm as the resistance
to be overcome is greater than the effort you
must apply. Writing thega words as a mathe«
matical equation, it looks like thig-

L_R
1 E
in which,

= lexgth of effort ar'n.
l = length of resistance arm.
R = resistance weight or force.

- eﬂort force.

paint can (fig. 1-8) with :
r, and yau imow that the average force -
If the distance
from the edge of the paint can to the edge of
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EFFORT

RESISTANCE

131.8
igure 1-8.—A first-class job.

ver -is'.one inch, what force will you have
P yontheendaftheﬂlescraper?

to the d.rectim in which the. eﬂort 1s exerted..

the axle, then the length of the resistance arm
is 1 foot.
By substituting in the formula,

L_R

1 &

4 _ 200

T°E
and E = 50 1b.

Now for the third-class lever. With one-
hand, youlifta projectile weighing approximately
10 pounds. If your biceps muscle attaches to
vour forearm 1 inch below your ethow, and the
distance from the elbow to the palm of your
hand is 18 inches, what pull must your muscle
exert in order to hold the projectile and flex
vour arm at the elbow?

By substituting in the formula,

1 _10
. %-—'g, it hecomes 7= B°F

and E =18x10=1801b.

Your musgecle must exert a 180-pound pull to
hold up a 10-pound shell. Our muscles are
poorly arranged for lifting or pulling=—and
that’s why some work seems prelty tough..
But remember, third.class levers are used
primarﬂy to lpeed up the motlon of the re-

tance. )

: Up to'this polnt you have been looking at
levers. with. ‘Straight arms. In every case, the
direction in which the resistance actsisparallel
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131.7

Figure 1-9.—A curved lever arm.

To find the length of the resistance arm,
use the same method. Draw a line MN in the
direction that the resistance is operating, and
through the point where the resistance is at-
tached to the other end of the handle. From
point R on this lmne, draw a line RF per-
-pendicular to MN so that it passes through
‘the fulicrum. The length of RF is the length
‘1 of the resistauce arm.

Regardless of the curvature of the handle,
i method can be used to find the lengths L
:and 1. Then curved levers are solved just llke
_gtraight Llevers.

MECHANICAL ADVANTAGE

There is another thing about first-class and
.second-class levers that you have probably
noticed by now. Since they can be usedto
magnify the applied force, they provide positive
mechanical advantages. The third.class lever
provides what's called a fractional mechanical
advantage, which is really a mechanical dis-
advantage—you use more {orce than the force
of the load you 1ift.

In the wheelbarrow problem, you saw that a
50-pound pull actually overcame the 204:-pound
weight of the sand. The sailor’s effort was
magnified four times, 83 you may say that the
mechanical advantage of the wheelbarrow is

4. Expressing the same idea in mathematical
terms,

 RESISTANCE
MECHANICAL ADVANTAGE « Sreas

or
Ml A‘ =

mix

Thus, in the case of the wheelbarrow,
M. =290

50

This rule applies to all machines.

Mechanical advantage of levers may also be
found by dividing the length of the effort arm A
by the length of the resistance arm a. Stated as
a formula, this reads:

.___EFFORT ARM
MECHANICAL ADVANTAGE-R———ESI.—————-——ST ANCE ARM

=4
M‘A. -a

How does this apply to third-ciass levers?
Your muscie pulls with a force of 1,800 pounds
in order to lift a 100-pound projectile. So you
100 1

have a mechanical advantage of 1,800°

which 15 fractional--less than 1.

SUMMARY

Now for a brief summary of levers.

Levera are machines because they help you
to do your work. They help by changing the
gize, direction, or speed of the force you apply.

There are three classes of levers. They
differ primarily in the relative points where
effort is applied, where the resistance is
overcome, and where the fulcrum is located.

First-class levers have the eflort and the
resistance on opposite sides of the fulerum,
and effort and resistance move in opposite
directions.

Second-class levers have the effort and
the resistance on the same side of the fulecrum,
but the effort is farther from the fulerum than
is the resistance. Both effort and resistance
move in the same direction.
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Third-class levers have the effort applied
on the same side of the fulcrum as the resist-
ance, but the effort is applied between the re-
gistance and the fulcrum. Both move in the
same direction.

First- and second-class levers can be used
to magnify the amount of the effort exerted,
and to decrease the speed of effort. First-
class and third-class levers can be used to
magnify the distance and the speed of the effort
exerted, and to decrease its magnitude.

The same geperal formula applies to alj
three types of levers:

R

L
1 E

MECHANICAL ADVANTAGE (M.A.) is an
expression of the r;tio of the applied force and
the resistance. It may be written:

M‘ AO =

(o] -]

APPLICATIONS AFLOAT
AND ASHORE

Doors aboard a ship are locked shut by lugs
called dogs. Figure 1-10 shows you how these
dogs are used tc secure the door. 1 the
handle is four times as long as the lug, that
-90-pound heave of yours is multiplied to 200
- pounds against the slanting face of the wedge.
Incidentally, take a look at that wedge—it's an
inelined plane, and it multiplies the 200-pound

g:50"

3.100

Figure 1-.10.--It’s a dog.

force by about four. Result—your 50-pound
heave actually ends up as an 800-pound force
on each wedge to keep the hatch closed! The
hatch dog i8 one use of a first-class lever, in
combination with an inelined plane.

The breech of a big gun is closed with a
breech plug. Figure 1-11 shows you that this
plug has aome interrupted screw threads on it
which fit into similar interrupted threads in
the breech. Turning the plug part way around
locks it into the breech. The plug is locked
and unlocked by the operating lever. Notice
that the copnecting rod is secured to the
operating lever a few inches from the fulcrum.
You'll see that this is an application of a
second-class lever!

You know that the plug is in there good and
tight. But, with a mechanicai advantage of
ten, your 100-pound pull on the handle will
twist the plug loose with a force of a half-
ton.

If you've spent any time opening crates at a
base, you've already used a wrecking bar. The
blue-jacket in figure 1-12 is busily engaged
in tearing that crate open. The wrecking bar
is a first-class lever. Notice that ithas curved
lever arms. Can you figure the mechanical
advantage of this one? Your answer should
be M. A. = 5.

The crane in figure 1-13 is used for handling
relatively light loads around a warehouse or a
dock. You can see that the craiie is rigged as
a third.class Jever. The effort is applied be-
tween the fulerum and the load. This gives a
mechanical advantage of less than one. 1f it’s
going to support that 1/2 ton load, youknow that
the pull on the lifting cable will have to be con-
siderably greater than 1000 pounds. How
much greater? Uge the formula, and figure
it out-~

L.R
1 E

Got the answer? Right--E=1,333 Ib.
Now, because the cable is pulling at an angle
of about 22° at E, you canuse some trigonometry
to tind that the pull on the cable will be about
3,560 pounds to lift the 1/2-ton weight! How-
ever, since the loads are generally tight, and
gpeed i3 important, it i8 a practical and use-
ful machine.

Anchora are usually housed in thehawsepipe
and secured by a chain stopper. The chain
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\OPERATING LEVER

b

80.213:.214

Figure I-11.~An 8-inchers breech.

Figure 1-12.—Usging a wrecking bar.

131.8

stopper consists of a short lenwch of chain con-
taining a turnbuckle and a peiican hook. When
you secure one end of the stopper to a pad eye
in the deck and lock the pelican hook over the
anchor chain, the winch ig relieved of the strain.

Figure 1-14A gives you the details of the
pelican hook.

Figure 1-14P ghows the chain gtopper as a
whole. Notice that the load is applied close

131.8
Figure 1-13.--An electric crane.
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3.223

Figure 1-14.~-A. A pelican hook:
B. A chain stopper.

to the fulerum. The resistance arm a is very
.short. The bale shackle, which holds the hook
ure, exerts its force at a considerable dis-
nce A from the fulcrum. If the chain rests
gainst the hook one inch from the fulcrum,
and the bale shackle is holding the hook closed
2+1=13 inches from the fulerum, what's
e mechanical advantage? It’s 13. A strain of
illy 1,000 pounds on the base shackle ean hold
ook closed when a 6 1/2-ton anchor is
ling over the ship’s gide. You'll recognize

the pelican hoo. as a second-class lever with
curved arms.

Figure 1-15 shows you a couple of guys who
are using their heads to spare their muscles.
Rather than exert themselves by bearing down
oh that drill, they pick up aboardfrom a nearby
crate and use it as a second-class lever.

If the drill is placed half way along the
board, they will get a mechanical advantage of
#aarmy
advantage if vou were using thi: rig? Right,
You move the drill in closer to the fulerum.
In the Navy, a knowledge of levers and how to
apply them pays off.

131.10
Figure 1-15.~An improvised drill press.



CHAPTER 2

BLOCK AND TACKLE

Blocks—pulleys to a landlubber—are simple
machines that have many uses aboard ship, as
weii a5 on shore. Remember how your mouth
hung open as you watched movers taking a piano
out of a fourth story window? The fat guy on the
end of the tackle eased the piano safely to the
asidewalk with a mysterious arrangement of
blocks and ropes. Or perhaps you've been in
the counlry and watched the farmer useablock-
and-tackle to put hay inabarn. Since old Dobbin
or the tractor did the hauling, there wasno need
for a fancy arrangement of ropes and blocks.
Incidentally, you'll often hear the rope or tackile
called the fall. Block-and-tackle, or block-and-
fall.

In the Navy you’ll rig a block-and-tackle to
make some of your work easier. Learn the
names of the parts of a block. Figure 2-1 will
give you 2 good start on this. Look at the single
block and see someofthe waysyoucan use it. lf
you lash a single block to a fixed object—an
overhead, a yardarm, or a bulkhead—you give
yourself the advantage of being able topull from
a convenient direction. For example, in figure
2-2 you haul up a flag hoist, but you really pull
down. You candothisbyhavinga single sheaved
block made fast to the yardarm. This makes it
possible for you to stand in a convenient place
near the flag bag and do the job. Otherwise you
would have to go aloft, dragging the flag hoist
behind you.

MECHANICAL ADVANTAGE

With a single fixed sheave, the force of your
down-pull on the fall must be equal tothe weight
of the object being hoisted. You can't use this
rig to lift aheavyload or resistance with a smail
effort—you can change only the direction of vour
pull.

10

A single fixed block is really a first-class
lever with equal arms. The arms EF and FR
in figure 2-3 are equal; hence the mechanical
advantage is one. When you pull down at A with
a force of cne pound, vou raise a load of one
pound at B. A single fixed block does not magnify
force nor speed.

You can, however, use a single block-and-
fall to magnify the force you exert. Notice, in
figure 2-4 that the blockisnot fixed, and that the
fall is doubled as it supporta the 200-pound cask.
When rigged this way, a single block-and-fallis
called a runner. Eachhalfofthe fall carries one
half of the total load, or 100 pounds. Thus, by
the use of the runner, the bluejacket is lifting
a 200-pound cask with a 100-pound pull. The

20.184

Figure 2-1.—Look it over,
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69.122

Figure 2-2.-A flag hoist.

-niechanical advantage is two. Check this by the
formula:

200

M. A. = ='i-66,0r2

R
E

The single mavable block in this setup is
really a second-clzss lever. See figure 2-5.
Your effort E acts upward upon the arm EF,
which is the diameter of the sheave. The re-
sistance R acts downward on the arm FR, which
is the radius of the sheave. Since the diameter
is twice the radius, the mechanical advantage
is two.

But, when the effort at E moves up two feet,
the load at R is raised onlyone foot. That’s one
thing to remember about blocks and falls—if
you are actually getting a mechanical advantage
from the system, the length of rope that passes
through your hands is greater than the distance

11

20.187

Figure 2-3.No advantage.

that the load is raised. However, if you can lift
a big load with a small effort, you don’t care
how much rope you have to pull.

The bluejacket in figure 2-4 isinanawkward
position to pull. If ke had another single block
handy, he could use it to change the direction of
the pull, as in figure 2-6. Thissecond arrange-
ment is knownasaguntackle purchase. Because
the second block is fixed, it merely changes the
direction of pull--and the mechanical advantage
of the whole sysiem remains two.

You can arrange blocks in a number of ways,
depending on the job to be done and the mechan~
ical advantage you want to get. For example, a
luff tackle consists of a doubleblockanda single
block, rigged as in figure 2-7. Notice that the
weight is suspended by the three parts of rope
which extend from the movable single block.
Each part of the rope carries its share of the
load. If the crate weighs 600 pounds, then each
of the three parts of the rope supportsits share—
200 pounds. Ifthere’sapull of 200 pounds down-
ward on rope B, you will have to pull downward
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29.187
Tigure 2-4.-A runner.

with a force of 200 pounds on A to counterbalance
the pull onB. Neglecting the friction in the block,
a pull of 200 pounds is all that is necessary to
raise the crate. The mechaniiai advantage is:

MOAO o I e =

Here’s a good tip. If you count the number of
the parts of rope going to and {rom the movable
black, you can figure the mechanical advantage
at a glance. This simple rule will help yvou to
quickly approximate the mechanieal advantage
of most tackles you see in the Navy.

Many combinations of single, double, and
triple sheave blocks are possible. Two ofthese
combinations are shown ip figure 2-8.

1f you can secure the dead end of the {all to the
movable block, the advantage is increased by one.
Notice that this is done in figure 2-7. Thatisa
good point to remember. Don't forget, either,
that the strength of your fali~rope--isalimiting
factor in any tackle. Be sure your fall will carry
the load. There is oo point In rigging a six-fold
purchase which carries a S.ton load with two
triple blocks on a 3-inch manila ropeattached to

12

a winch. The winch could take it, but the rope
couldr't.

Now for a review of the points you have
learned about blocks, and then to some practical
applications aboard ship—

With a single fixed block the only advantage is
the change of direction of the pull. The mechan-
ical advantage is still one,

A single movable block gives a4 mechanical
advantage of two.

Many combinations of single, :double, and
triple blocks canbe riggediogivegreateradvan-
tages.

£0.187
Figure 2-3.—1t’s 2 to 1.
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29.187
Figure 2-8.~A gun tackle.

" A general rule of thumb isthat the mamber of

@ parts of the fall goirg to and from the movable

block tells you the approximate mechanical ad-

vantage of that tackle.

- T you fix the dead end of thefall to the mov-

:gle block you increase the mechanical advantage
one.

APPLICATIONS AFLOAT AND ASHORE

Blocks and tackle are used for a great num-
ber of lifting and moving jobs afloat and ashore.
The five or six bagic combimations are uged over
and over again in many siluations. Cargo is
londed aboard, depth charges are placed intheir
racks, life boats are lowered over the side by
the use of this machine. Heavy machiners, guns,
and gun niounts z2re swamyg into position with the
aid of blocks and tackie. In a thousand situa-
::::-W‘ find this machipe usefy] and

Yard and stay tackies are used on shipboard
when you want topickup aloadirom the hold and
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swing it ontothe deck, or to shift any load a short
distance. Figure 2.9 shows you how the load is
first picked up by the yard tackie. The stay
tackle is left slack. After the load i3 raised to
the height necessary to clear obstructions, you
take up on the stay *~.kle, and ease off on the
yvard fall., A glance at the rig tells you that the
mechanijcal advantage of each of these tackles
i{s only two. Youmay thinkthat it isn’t worth the
trouble to rig a yard and stay tackle with that
small advantage just to move a 400-pound crate
along the deck. However, a few minutes spent
in rigging may save many unpleasant hours with
a sprained back.

If you want a high mechanical advantage, a
luff upon luff iga good rig for you. You can raise
heavy loads with this setup. Figure 2-10 shows
you how it is rigged. If you apply the rule by
which you count the parts of the fall going to and
from the movable blocks, you find that block A
gives a mechanical advantage of 3 tol. Block B
has four parts of fall running to and from it, a

29.187
Figure 2-7.=A luff tackle.



BASIC MACHINES

20.187
.. Figure 2-8.—Some other tackles.

rechanical advantage of 4 to 1. The mechanical
dvantage of those obtained from A is multiptied
four times in B. The overall mechanical advan-
ze of a Juff upon luff is the product of the two
chanical advantages—or 12.
> Don’t make the mistake of adding mechanical
‘advantages. Always multiply them,
_ You can easily figure ocutthe M.A. for the ap-
paratus shown in figure 2-10. Suppose the load
weighs 1,200 pounds. Since it is supported by
the parts. 1, 2, and 3 of the fall running to and
- from block A each part must be supporting one
" third of the load or 400 pounds. If part 3hasa
. pull ;of 400 pounds .on:it, part 4 which is made

are are :[our parts of the second fall going to
from blocl: By and each of ‘these ‘takes an

-fast to thck B, also has a 400-pound pul) on it, L
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29.187
Figure 2-9.—A vard and stay tackle.

equal part of the 400-pound pull. Therefore, the
hauling part requires a pull of only 1/4 x 400,
or 100 pounds. So, here vou have a 100-pound
pull raising a 1,200-pound load. That’s a
mechanical advantage of 12.

in shops ashore and aboard ship you are
almost certain to run into a chain hoist, or
differential pulley. Ordinarily, these hoistsare
suspended from overhead trolleys, and areused
to lift heavy objects and move them from one
part of the shop to another.

~ Figure 2~10,~Luff upon Juff. .
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To help you 10 understand the operation ot a
chain hoist, 100k 2t the one in figure 2-11.

sume that you grasp the chain at E and pull untll
‘the large wheel A has turned aroundonce. Then
the distance through which your effort has moved
3 equal. to the circumference of that wheel, or
»R. How much will the lower wheel C and its
be raised? Since wheel C is a single mov-
able block, its center will be raised only “ne-
half the distance that the chain E was pulled, or
a distance = R. However, the cmaller wheel B,
. which is rigidly fixed to A, makes one revolution
~ at the same time ag A does so0 B will feed some
¢hain down to C. The lensth of the chain fed
down will be equal to the circ.unference of B,
or 2«r. Again, since C i3 single movable block,
the downward movement of its center will be
~ equal to only one-half the length of the chain fed

IQ i" Qr ¥ r.

-+ Qf course, C does not first move up a dis-
tance R and then move down a distance =r.
ctually, its steady movement upward is equal

- .you'that with a-one-pound pull you shouldbe ahle .

B to lift:a 48-pound load, ‘However, actually your

o onéepound -pull might only 1ift a 20-pound lcad.
187 The rest of ‘your el'fort wou!d be used in over-

to the difference between the two, or { rRe»r).
Don’t worry about the alze of the movable pulley,
C. It doesn't enter into these calculations,
Usually its diameter isbetween that of A and that
of B.

The mechanical advantage equals the distance
through which the effort E is moved, nivided by
the distance that the load is moved. This is
calied the veloecity ratio, or theoretical mechan-
{cal advantage. It is thecretical because the
frictional resistance tothe movement of mechan-
ical parts is left out. In practical uses, all
moving parts have frictional resistance.

The equation for theoretical mechanical ad-
vantage may be written—

Theoretical mechanical advantage =

Distance effort moves
Distance reaistance movesa

amd in this case,

- 2R __ 2R
T-M.A."‘“R-""(R-r)

If Aisalarge wheel,and B is a little smaller,
the value of 2R becomes large, and (R—r) be-
comes small. Then you havea largenumber for

(RZRr ) which is the theoretical mechanical ad-

vantage.

You can lift heavyloads with chainhoists. To
give you an idea of the mechanical advantageof a
chain hoist, suppose the large wheel hasa radius
R of 6 inches and the smaller wheel a radius r of
5 3/4 inches. What theoretical mechanical ad-
vantage would you get? Use the formula=—

2R
T. M. A, = B-r
Then substitute the numbers in their proper
places, and sOlve~

- 2x6 _ 12 _
T.M-A.—m m‘ 48

Since the friction in this type of machine is
considerable, the actual mechanical advantageis
not as high as the theoretical mechanical ad-
vantage would lead you to believe. For example,
that theoretical mechanical advantage of 48tells

ning the friction, -




CHAPTER 3

THE WHEEL AND AXLE

Have you ever tried to open a door when the
nob was missing? If you have, you know that
trying to twist that small four-sided shaft with
vour fingers is tough work. Thatgivesyou some
appreciation of the advantage you get by using
a knob. The dooriknob isanexample of a simple
machine called a wheel and axle.

The steering wheel on an automobile, the
handle of an ice cream freezer, a brace and
bitwthese are familiar examples of this type
of simple machine. As you know from your
experience with these devices, the wheel and
axle is commonly uged to multiply the force
you exert. I a screwdriver won’t do a job
because you can’t turn it, you stick a screw-
driver bit in the chuck of a brace and the
screw probably goes in with little difficulty.

There’s one thing you'll want to get straight
right at the begimming. The wheel-and-axle
-machine consists of a wkeel or crank rigidly
attached to the axle, which turns with the
wheel. Thus, the front wheel of an automobile
is not a wheel-and-axle machine hecause the

axle does not turn with the wheel.

MECHANICAL ADVANTAGE

How does the wheel-and-axle arrangement
help to magnify the force you exert? Suppose
yOou use a screwdriver bit in a brace to drive
a stubborn screw. Look at figure 3-1A. Your
effort is applied on the handle which moves in
a circular path, the radius of which is 5 inches.
If you apply a 10-pound force on the handle,
how big a force will be exerted against the re-
sistance at the screw? Assume the radius of
the screwdriver blade is 1/4 inch. You are
really using the brace as a second-clagslever—
see figure 3-1B. The size of the resistance
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which can be overcome <an be found from the
formula—

L
l

]t

In which—

L = radius of the circle through which the
handle turns,

1 = one-hall the width of the edge of the
screwdriver blade,

R = force of the resistance offered by the
screw,

E = force of effort applied on the handle.

Substituting in the formula; and solving:

5
/4

R

- B
10

_5x10
“1/4

=5x10x4

= 200 Ib.

This means that the screwdriver blade will
tend to turn the screw with a force of 200
pounds. The relationship between the radii or
the diameters, or the circumferences of the
wheel and axle tells you how great a mechanical
advantage you can get.

Take another situation. The old oaken
bucket, figure 3-2, was raised by a wheel-and-
axle arrangement. If the distance from the
center of the axle to the handle is 8 inches,
and the radius of the drum around which the
rope is wound is 2 inches, then you havea
theoretical mechanical advantage of 4. That's
why they used thepe rigs.
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44.20
Figure 3-1.=It magnifies vour effort.

MOMENT OF FORCE

in a sumber of sitmtions you can use the
wheel-and-axle to speed up motion. The rear-
wheel sprocket of a bike, along with the rear
wheel itself, i1s an example. When you are
‘pedaling, the sprocket is fixed to the wheel, s0
‘the eombination is a true wheel-and-axle ma-
‘chine. Asrume that the sprocket has a cir-
-cumference of 8 inches, and the wheel cir-
;cumference is B0 inches. If you turn the
-gprocket at a rate of one revolution per second,
each sprocket tocth moves at a speed of B
.. inches per second. Sinee the wheel makes one
revolution for each revolution made by the

on the sprocket, you have moved a correspond-
ing point on the wheel through 80 inches.

Since 2 complete revolution of the sprocket
and wheel requires anly one second, the speed
of 3 point on the circumference of the wheel is
80 inches per second, or ten times the speed of
a tooth on the sprocket.

(NOTE: Both sprocket and wheel make the
same number of revolutions per second so the
speed of turning for the two is the same.)
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Figure 3-2.--The old oaken bucket.

Here is an idea which you will find useful
in understanding the wheel and axle, as well as
aother machines. You probably have noticedthat
the force you apply to a lever tends to turn or
rotate it about the fulerum? You alao know that
a heave on a fail tends to rotate the sheave of
the block and that turning the steering wheel of
a car tends to rotate the steering column.
Whenever you uge a lever, or a wheel and axle,
your effort on the lever arm or-the rim of the
wheel tends to cause a rotation about the ful-
crum or the axle in one direction or another.
If the rotation occurs in the same direction as
the hands of a clock, that direction is called
clockwise. If the rotation occurs in the op-
posite direction from that of the hands of a
cloek, the direction of rotation i9 called counter-
clockwige. A glance at figure 3.3 will make
clear the meaning of these termas.

You have already seen that the result of a
force acting on the handle of the carpenter’s
brace depemds not only on the amount of that
force but also on the distance from the handle
to the center of rotation. From here on you'll
Imow this result as a moment of force, ora
torque (pronounced tork}). Moment of force and
torque have the same meaning.

Look at the effect of counterclockwise move-
ment ot the capsian bar in figure 3-4, Here the
amount of the effort is designated E; and the
distance from the point where this force is
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Figure 3-3.—Direciions of rotation,

applied to the center of the axle is Lj. Then
E} x L is the moment of force. You'll notice
that this term includes both the amount of the
effort and the distance from the voint of ap-
plication of effort to the center of theaxle. Or-
dinarily, the distance is measured in feet and
the applied force is measured in pounds.

Therefore, moments of force are generally
measured in foot-pounds—abbreviated ft-lb., A
moment of force is [requently called 2 moment.

By using a longer capstan bar, thebluejacket
in figure 3.4 can inerease the effectivensss of
his push without makin; a bigger elfort. But
if he applied his effort cloger to the head of the
capstan and used the same force, the moment
of foree would be less.

BALANCING MOMENTS

You know that the bluejacket in figure 3-4
would land flat on his face if the anchor hawser
shapped. But just as long as nothing breaks,
he must continue to push on the capstan bar.
He is working againsi a clockwise moment of
force, which is equal in magnitude but opposite
in direction to his counterclockwise moment of
force. The resisting moment, like the effort
n:oment, depends on two factors. In the case
of the resisting moment, these factors are the
force Rp with which the anchor pulls on the
hawser, and the distance Ly from the center of

131.13
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the capstan to its rim. The existence of this
resisting force wouid be evident if the blue-
jacket let go of the capstan bar. The weight

~F e b a1 deesr A PR samoton ol rause
U.l. (.IEE dglLllU’l Puﬂ‘a% LIEd ‘S'r Ll prure il LA i

the whole works to spin rapidly in a clockwise
direction~and good-bye anchor! The principle
involved here is that whenever the counterclock-
wise ind the clockwise moments of force are
in balance, the machine either movesat a steady
speed or remains at rest.

This ides of the balance of moments of force
can be summed up by the expression—

CLOCKWISE MOMENTS =
COUNTERCLOCKWISE MOMENTS

And, =since a moment of force is the product
af the amount of the force timesthe distance the
farce acts from the center of rotation, this
expression ¢f equality may be written—

=E,xL

E,xL 2

1 1 2

In which-—
= furce of effort,

L. = distance from fulcrum or axle to point
where force s applied,
E, = force of resistance,

L = distance from fulerum or centerofaxle
ta the point where resistance isapplied.

"EXAMPLE 1
. Put this formuia tc work on a capstan prob-
~.1lem. A single capstan bar is gripped 5feet from
the center of a capstan head with a radius of
cne foot. A 1/2-ton anchor is to be lifted. How
‘big a push does the sailor have to exert?

First, write down the formula—

Elel =szL2

Here L1=5; Ey=1,000pounds; and Lp =1,
Substitute these values in the formula, and it
becomes:

E1x5 =1,000x1

ande
1
E, = —Lgﬂ = 200 pounds
EXAMPLE 2

Consider now the sad case of Slim and Sam,
as illustrated in figure 3-5. Flim has suggested
that they carry the 30C-pound crate alung on a
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131,14
.—A practical application.

Figure 3-5

handy 10-foot pole. He was smart encugh to
slide the load up 3 feet [rom Sam's shoulder.

Here's how they made out. Use Slim’s
shoulder as a fulcrum F;. Look at the clock-
wise moment caused by the 300-poundload. That
load is live feet away from Slim's shoulder.
K R, is theload, and L thedistance from Slim’s
shoulder tc the load, the clockwise moment

MAis—
MA=R1xL1 oo x 5 = 1,500 ft-1b.

With Slim’s shoulder still acting as the ful-
crum, the resistance of Sam’s effort causes a
counterclockwise moment My acting againstthe
load moment. This counterclockwise moment
is equal to Sam’s effort E2t times the distance

Lg from his shoulder to the fulerum F,; at
Slim’s shoulder. Since Lz = § ft., the formula
i5—

MB = }'::2:”..3 = sza = aEz

But there is no rotation, so the clockwise
moment and the counterclockwise moment are
equal. MA = MB Hence—

1,500 = BE

3
E, = 232 - 187. 5 pounas.

So poor Sam is carrying 187.5 pounds of the
300-pound load.
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When an object is at rest or is moving
steadily, the clockwise moments are just equal
and opposite to the counterclockwise moments.

Moments of the force, depend upon two
factors—the amount of the force, and the distance
from the fulcrum or aXis te the point where the
force is applied.

When two equal forces are applisd at equal
distunces on opposite sides of a fulerum, and
move in opposite directions so that they both
tend to cause rotation about the fulerum, you
have a couple.

APPLICATIONS AFLOAT AND ASHORE

A trip to the engine room makes vou realize
how important the whee]l and axle is on the
modern ship. Everywhere you look you see
wheels of all sizes and shapes. Most of them
are used to open and close valves quickly.
ne common type of valve is shown in figure
3«%7. Turning the wheel causes the threaded
stem to rigse and open the valve. Since the valve
must close water-tight, air-tight, or steam.
ight, all the parts must fit snugly. To move
the stem on most valves without the aid of the
wheel would be impossible. The wheel gives
you the necessary mechanical advantage.

- You've handled enough wrenches to know
that the longer the handle, the tighter you can
turn a mut.  Actually, a wrench is a wheel-
-axle machine. You can congider the handle
as one spoke of a wheel, andtheplace where you

Figure 3-7.=Valves.
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take hold of the handle as a point on the rim.
The nut which is held in the jaws of the wrench
can be compared to the axle.

You know that you can turn a nut too tight—
and strip the threads or cause internal parts
to seize. This is especially true when you are
taking up on bearings. In order to make the
proper adjustment, you use a torque wrench.
There are geveral types. Figure 3-8 shows you
one that is very simple. When you pull on the
handle, its shaft bends. The rod on which the
pointer is fixed does not bend—so the pointer
indicates on the scale the torque, or moment

generally stated in pounds, although it is really
measuring foot-pounds of torque. If the nut is
to be tightened by a moment of 90ft-1b, you pull
until the pointer is opposite the mumber 90 on
the scale. The servicing or repair manual on
an engine or piece of machinery generally tells
you what the torque~or moment of force—should
be on each set of nuts or bolts.

The gun pointer uses a couple to elevate and
depress the gun barrel. He cranks away at a
hand-wheel that has twohandles. The right-hand
handle is on the opposite side of the axle from
the left-hand handle—=180° apari. Look atfigure
3-89, When he pulls on one handieand pushes on
the cther, he’s producing a couple. But if he
lets go the left handle to scratch himself, and
¢ranks only with his right hand, he no longer
has a couple-just a simple first-class lever!
And he’d have to push twice as hard with one
hand.

»

Figure 3-8.—A simple torque wrench.
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A system of gears—a gear train—transmits
the motion to the barrel. A look at figure 3-10
will help vou to figure the forces involved. The
radius of the wheel is 6 inches«1/2 foot-and
each handle is being turned with a force of,
say, 20 puunds. The moment on the top which
tends to rotatc tiic wheelinaclockwisedirection
is equal to 20 timmes 1/2 =10 ft-1b. The bottom

131.17
Figure 3-9.—=A pointer’s handwheel.

b
™~

handle also rotates the wheel in the samedirec-
tion with an equal moment, Thus the total twist
or torgue on the wheel is 10 + 10 = 20 ft-1b.
To get the same moment with onehand, applying
a 20-pound force, the radius of the wheel would
have to be twice asgreat—12inches, orone foot.
The couple is a convenient arrangement of the
wheel-and-axle machine.

20 LBS.

131.18
Figure 3-10,—Developing a torque.



THE BARREL ROLIL

' You have probably watched a driver load

barrels on a truck. The truck is backed up to
e curb. The driver places a long double
ank or ramp from the sidewalk to the tail
, and then rolls the barrel up the ramp.
2-gallon barrel may weigh close to 300pounds
n full, and it would be quite a job to lift one
to the truck. Actually, the driver is using
aple machine called the inclined plane.
have seen the inclined plane used in many
ations. - Cattle ramps, a mountain highway,
an l_ankare familiar examples.

liued plane permits you to overcome
si_;ance by applying a relatively small
a longer distance than the load is
ook at figure 4-1. Here you see the
sing the 300-pound barrel up tothebed
ck, three feet above the sidewalk. He
Z-a plank nine feet long. If he didn’t use
mp ‘at-all; he'd have to apply a 300-pound
rai ht-_'_up through the three-foot distance.
» however, he can apply his effort
u-e nine feet of the plank as the barrel
lled ‘up to a height of three feet. It

ifhe could use a force only three-
100pounds todothejob. And

CHAPTER 4

THE INCLINED PLANE AND THE WEDGE

U with'a system of pulleys. -

Now apply the formula to thisproblem—

In this case, L =9 ft.;1 = 3ft;and R = 300 Ib.
By substituting these values in the formula, you
get—

9 _ 200
3 E
9E = 300
E = 100 pounds

Since the ramp is three times as long as its
height, the mechanical advantage is three. You
find the theoretical mechanical advautage by
dividing the total distance through which your
effort is exerted by the vertical distance through
which the load is raised or lowered.

THE WEDGE

The wedge iz a special application of the
inclined plane. You have probably used wedges.
Abe Lincoln used a wedge to help him split
logs into.rails for fences, Thebladesof knives,
axes, hatchets, and chlsels act as wedges when
they are forced into a piece of wood. The wedge
is two inclined planes, setbase-to-base. By driv-
ing the wedge full-length into the material to be
cut ‘or split, the material. is. Io:-ced apart a dis-

Long, slun wedges gwe hlgh mechanlcal ad-
" For e:uample, the wedge of; hgure 4-2

‘simple - machines - won't : war agin
tl'Ouble you’d have tl'}"l.ng tO pull a lq apart.-__-.::.:: .
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Figure 4-1.—An inclined plane.

SUMMARY

HBefore you look at some of the Navy applica-
tions of the inclined plane and the wedge, here’s
a symmary of what to remember from this
chapter—

The inclined plane is a simple machine that
lets you raise or lower heavy objects by apply-
ing a small force overa relatively long distance.

The theoretical mechanical advantage of the
inclined plane is found by dividing the length
of the ramp by the perpendicular height that the
load will be raised or lowered. The actual
mechanical advantage is equal to the weight of
the resistance or load, divided by the force that
must be used to move the load up the ramp.

The wedge is two inclined planes set base-
to-base. It finds its greatest use in cutting
or splitting materials.

131.19

Figure 4.2.—A wedge.
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APPLICATIONS AFLOAT AND ASHORE

One of the most common uses of the inclined
plane in the Navy isthe gangplank. Going aboard
the ship by gangplank, illustrated in figure 4-3
is certainly easier than climbing up a sea
ladder. And you appreciate the M.A. of the
gangplank even more when you have to carry
your sea bag or a case of prunesaboard.

Remember that hatch dog in figure 1-10.
The dog that’s used to secure a door not anly
takes advantage of the lever principle, but—if
you look sharply—you can see that the dog seats
itself on a steel wedge which is welded to the
door. As the dog slides upwardalong this wedge,
it forces the door tightly shut. This is an in-
clined plane, with its length about eight times
its thickness. That means you get a theoretical
mechanical advantage of eight. You figured, in

131.20
Figure 4-3.—The gangplank is aninclined plane.
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"chapter 1, that you got a mechanical advantage
of four from the lever action of the dog—so0 the
overall mechanical advantage is 8 times4or 32,
neglecting friction. Not bad for such a simple
gadget, is it? Push down with 50 pounds heave
on the handle and you squeeze the door shut with
:.a force of 1600 pounds, on that dog. You'll find

- the damage-control parties using wedges by the
dozen to shore up bulkheads and decks. A few

sledge-hammer blows on a wedge will quickly
and firmly tighten up the shoring.

Chipping scale or paint off steel is a tough
job. However, the job is made a lot eagier with
a compressed air chisel. The wedge-shaped
cutting edge of the chisel gets inunderthe scale
or the paint, and exerts great pressure to lift
the scale or paintlayer. The chisel bitis another
application of the inciined plane.

2%




CHAPTER 5

THE CrpEw
Bk Cwit

A MODIFIED INCLINED PLANE

The screw is a simple machine that has many
uses. The vise on a workbench makes useof the
great mechanical advantage of the screw. So do
the screwclamps used tohold a piece of furniture
together while it is being glued. And sodo many
automobile jacks and even the food grinder inthe
Kitchen at home.

A screw is a modification of the inclined
plane. Cut a sheet of paperinthe shape of a right
triangle—an inclined plane. Wind it around a
pencil, a+ in figure 5-1. Then you can see that
the screw is actually an inclined plane wrapped
aromnd a cylinder. As the pencil is turned, the
paper is wound up so that its hypotenuse forias
a spiral thread similar to the thread on the
screw shown at the right. Thepitchofthe screw,
and of the paper, is the distance between identical
points on the same threads, and measuredalong
- the length of the screw.

THE JACK

In order to understand how the screw works,

_ look at figure 5-2. Here you see a jack screw of
the type that {s used to raise a houase or a piece
of heavy machinery. The jack has alever handle
with a length r. If you pull the lever handle
around one turn, its outer end has described a
circle. The circumference of thiscircle is equal
to 2 x. (You remember that r equals 3.14, or

2—3). That is the distance, or the lever arm,

through which your effort is applied.

At the same time, the screw has made one
revolution, and in doing s0 has been raised a
height equal to its pitch p. You might say that
one full thread has come up out of the base. At
any rate, the load has been raised a distance p.

Remember that the theoretical mechanical
advantage is equal to the distance through which

the effort or pull is applied, divided by the dis-
tance the resistance or load is moved. Assuming
a 2-foot--24''..lengti. for the lever arm, and a
1/4-inch pitch for the thread, you can find the
theoretical mechanical advantage by the for-
mula—

in which

r = length of handle =24 inches
p =pitch, or distance between corresponding
points on successive threads = 1/4-~inch.

Substituting,
_2x3.14x24 _ 150.72 _
T. M. A. = ——174—‘- =14 - 602.88

A 50-pound pull on the handle would reault in
a theoretical lift of 50x602 or about 30,000
pounds. Fifteen tons for fifty pounds.

But jackshave considerable frictionloss. The
threads are cut so that the force used to over-
come friction is greater thanthe force usedto do
useful work. If the threads were not cut this way,
if no friction were present, the weight of the load
would cause the jack to spin right oack down to
the bottom as soon as you released the handle.

THE MICROMETER

In using the jack, you exerted your effort
through a distance of 2=r, or 150inches, in order
to raise the screw 1/4 inch. 1t takes a lot of
circular motiontoget a small amount of straight-
line motion from the head of the jack. You will
use this point to advantage in the micrometer,
which is a useful device for making accurate
small measurements, measurements of a few
thousandths of an inch.

In figure 5-3, you see a cutaway viewof a
micrometer. The thimble turns freely on the
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1104
Figure 5-1.—A screw is an inclined plane
in spiral form.

sleeve, which iz rigidly attached tothe mierom-
eter frame. The spindle is attached to the
thimble, and is fitted with screw threads which
mave the spindle and thimble to right or left
in the sleeve when you rotate thethimble, These
screw threads are cut 40 threads to the inch.
Hence one turn of the thimble moves the spindle
and thimble !/40 inch. This represents one of
- the smallest divisions on the micrometer. Four
of these smail divisions make 4/40 of an inch,
or. 1/10 inch. Thus the distance from 0to 1 or 1
to 2 on the sleeve represents ./10 or Q.1 inch.

Toe allow even finer measurements, the
thimbie ig divided into 25§ equal partslaidout by
graduation marks around its rim, as shown in
figure 45. 1f you turn the thioble through 25 of
these equal parts, you have made one complete
revolution of the screw, which represents a
lengthwise movement of 1/40 of an inch. Now, if
you turn the thimble ome of these units on its
geale, yoi have moved the spindle a distance of
§/2% of 1/40 inch, or 1/1000 of an inchw.G.001
H (Tor 8

21

B1.25

Figure 5-2.—A jack screw.

The micrometer in figure 5-4 reads 0.503
inch, which is the trie diameter of the half-inch
drill-bit shank being measured. This tells you
that the diameter of this particular bit is 0.003
inch greater than its nominal diameter of 1/2
inch--8.500"",

Because you can make such accurate meas-
urements with this instrument, it is indispens-
able in every machine shop.

SUMMARY

Look over the basic ideas you have learned
fron: this chapter, and then see how the Navy
uses this simple machine~the screw.

SPINDLE  SLEEVE

40 THREADS TO THE MCH

FRAME

4.20
Figure 5-3.~-A micrometer.



BASIC MACHINES

K 4 COMPLETE TURNS EQUAL
: Ui OF AN INCH=~
/.

“ONE COMPLETE TURN OF SCREW
MOVES THIMBLE l4g OF
AN INCH

4.20
Figure 5-4.—Taking turns.

The screw is a modificacion of the inclined
plane—modified to give you a high mech-
anieal advantage.

The theoretical mechanical advantage of the
screw can be fcund by the formula

M.A. =27

p
Ag in all machines, theactual mechanical
advantage equals the resistance divided
by the effort.

In many applications of the screw, you make
use of the large amount of friction that
is commonly present in this simple
machine.

By the use of the screw, large amounts of
circular motion are reduced to very
small amounts of straight-line moation.

'APPLICATIONS AFLOAT AND ASHORE

* It's a tough job to pull a rope or cable up
-tight enough to get all the slack out of it. But
you can do it. Use a turnbuckle. The turnbuckle

is an application of the screw. See fipure 5-5. If

—1EFT-HAND THRELGS
s

RIGHT-HAND THREADS,

ALOCRNUT

131.21

Figure 5-5.--A turnbuckle.

you turn it in one direction, ittakesup the slack
in a cable. Turning it the other way slacks off
on the cable. You’ll notice that one bolt of the
turnbuckle has left-hand threads, and the other
bolt has right-hand threads, Thus, when yeu turn
the turnbuckle to tighten up the line, both bolts
tighten up. If both belts were right-hand thread.-
standard thread—one would tighten whiie the
other one loosened an equal amount. Result—no
change in cable-slack. Most turnbuckles have the
screw threads cut to provide a large amount of
frictional resistance to keep the turnbuckle irom
unwinding under load. In some cases, the turn-
buckle has a lock nut on each of the screws to
prevent slipping. You’li find turnbuckles used in
a hundred different ways afloat and ashore.

Ever wrestled with a length of wire rope?
Obstinate and unwieldly, wasn’t it?Riggershave
dreamed up tools to help subdue wire rope. One
of these tools—the rigger's vise—is shown in
figure 5-6. This rigger’s vise uses the great
mechanical advantage of the serew to hold the
wire rope while the e¢rew splices a thimble-a
reinforced loop~onto the end of the cable. Rotat-
ing the handle causes the jaw on that screw to
move in or out along its grooves. This machine
is a modification of the vise on a work bench.
Notice the right-hand and left-hand screws on
the left-hand clamp.

" Figure 5-7 shows you another use of the
screw. Suppose you want to stop a winch with
its load suspended in mid-air. To do this, you
need a brake. The brake on most anchor or
cargo winches consists of a metal band that

131.22
Figure 5-8.—A rigger’s vise.




Chapter 5=THE SCREW

131.23

Figure 5-7.—A friction brake.

encircles the brake drum. The two ends of the
band are fastened to nuts connected by a screw
attached to a handwheel. As you turn the hand-
wheel, the screw pulls the lower end of the band
A up toward its upper end B. The huge M.A. of
the screw puts the squeeze on the drum, and all
rotation of the drum is stopped.

One type of steering gearused on many small
ships—and as a spare steering system on some
“.larger ships—is the screw gear. Figure 5-8

131.24
Figure 5-8.—The screw gives a tremendous
mechanical advantage.

shows you that the wheel turns a long threaded
shaft. Half the threads--those nearer the wheel
end of this shaft-.are right-hand threads., The
other half of the threads—thoge fartherfromthe
wheelware left-hand threads. The nut A hasa
right-hand thread, and nut B has a left-hand
tiiread. Notice that the cross head which turns the
rudder is connected to the nuts by two steering
arms. If you stand in front of the wheel and
turn it in a clockwise direction-to your right—
arm A moves forward and arm B moves back-
ward. This turns the rudder counterclockwise,
sc that the ship swings in the direction you
turn the wheel. There is a great mechanical
advantage to this steering mechanism.

Figure 5-9 shows you another practical use
of the screw. tie quadrant davit makes it pos-
sible for two men to put a large life boat over
the side with little effort. The operating handle
is attached to a threaded screw which passes
through a traveling nut. If the operating handle

'is eranked in a counterclockwise direction (as

you face outboard), the nut travels outward
along the screw. The traveling nut is fastened
to the davit arm by a swivel, The davit arm and
the boat swing outboard as a result of the out-
ward movement of the screw. The thread on that
screw is the self-locking type-if you let go of
the handle the nut remains locked in position.

80.101
Figure 5+9.--The quadrant davit.




Did you ever take a clock apart to see what
made it tick? Of course you came out with some
parts left over when you got it back together
again. And they probably included a few gear
wheels. Gears are used in many machines. Fre-
quently the gears are hidden from viewina pro-
tective case filled with grease or oil, and you
may not see them.

An egg beater gives you a simple demon~

stration of the three things that gears do. They
can change the directiom of motion; increase or
decrease the speed of the applied motion; and
magnify or reduce the force which you apply.
Gears also give you a positive drive. There can
be, and usually is, creep or slip in a belt drive.
But gear teeth are alwaysin mesh, and there can
be no creep and slip.
. Follow the directiomal changes in figure6-1.
. 'The erank handle is turned in the direction indi-
. cated by the arrow—clockwise, when viewed from
the right. The 32 teeth on the large vertical
"-wheel A mesh with the B teeth on the righi-
hand horizontal wheel B, which rotates as indi-
‘cated by the arrow. Notice that as B turns ina
.. clockwise direction, its teeth mesh with thoseof
wheel C and cause wheel C to revolve in the
.. opposite direction. The rotation of the crank
- handle has been transmitted by gears to the
beater blades, which also rotate.

Now figure out how the gears change the
speed of motion. There are 32 teeth on gear A
and 8 teeth on gear B. But the gears mesh, &>
that one complete revolution of A regults in
four complete revolutions of gear B. And since
gears B and C have the same oumber of teeth,
one revolition of B results in one revolution of
C. Thus the blades revolve four times as fast
as the crank handle.

In chapter 1 you learmed that third-class
levers increase speed at the expense of force.
The same thing happens with this egg beater.
The magnitude of the force is changed. The
force required to turn the handle ingreaterthan
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the force applied to the frosting by the blades.
Therefore a mechanical advantage of less than
one results.

TYPES OF GEARS

When two shafts are nc lying in the same
straight line, but are parallel, motion can be
transmitted from one to the other by means of
spur gears. Thia setup is shown in figure 6-2.

Spur gears are wheels with mating teeth
cut in their surfaces so that one can turn the
other without slippage. When the mating teeth
are cut so that they are parallel to the axis
of rotation, as shown in figure 6-2, the gears
are called straight spur gears.

When two gears of unequal size are meshed
together, the smaller of the two is usuzlly
called a pinion. By unequal size, we mean an
unequal number of teeth causing one gear to
be of a larger diameter than the other. The
teeth, themselves, must be of the same size in
order to mesh properly.

The moest commonly used type are the
straight spur gears, but quite often you'll run
across another type of spur gear called the
helical spur gear.

In helical gears the teeth are cut slant-
wise across the working face of the gear. One
end of the tooth, therefore, lies ahead of the
other. In other words, each tooth has a lead-
ing end and a trailing end. A look at these
gears in figure 6-3A will show you how they're
constructed,

In the straight spur gears the whole width
of the teeth comes in contact at the same time.
But with helical (spiral) gears contact between
two teeth starts {first at the leading ends ana
moves progressively acrosa the gearfacesuntil
the trailing ends are in contact. This kizd of
meshing action keeps the gears in constant
contact with one another, Therefore, less lost
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131.25
-Figure 6-1.—A simple gear arrangement.

One disadvantage of this helical spur gear isthe
ndency of each gear to thrust or push axially
its shaft. It is necessary to put a special
thrust bearing at the end of the shaft to counter-
act this thrust.
..‘Thrust bearings are ot needed if herringbone
--gears like those shown in figure 6-4 are used.
.. 'Since the teeih on each half of the gear are cut
~in opposite directions, each half of the gear
- .develops a thrust which counterbalances that of
- . the other half, You’ll find herringbone gearsused
mostly on heavy machinery.
Figure 6-3 also shows you three cther gear
arrangements in common use.
_ The internal gear in figure 6-3B has testh
... on the inside of a ring, pointing inward toward
the axis of rotation. An internal gear is always
- ‘mesghed with an external gear, or pinion, whose

motion and smoother, quieter action ispossible.

3

PARALLEL SHAFTS

SPUR GEARS

§.22.1
~Spur gears coupling two
parallel shafts.

Figure 8-2

center is offset from the center of the internal
gear. Either the internal or pinion gear can be
the driver gear, and the gear ratio is calculated
the same as for other gears—by counting teeth,

Often only a portion of a gear is needed
where the motion of the pinion is limited. In
this case the sector gear {fig. 6-3C) is used
to save space and material. The rack and pinion
in figure 6-3D are both spur gears. The rack
may be considered as a piece cut from a gear
with an extremely large radius. The rack-and-
pinion arrangement is useful in changing rotary
motion into linear motion.

THE BEVEL GEAR.—S80 far most of the
gears you've learned about transmit motion
between parallel shafts. But when shafts are
not parallel (at an angle), another type of gear
is used~the bevel gear. This type of gear
can connect shafts lying at ‘any given angle
because they can be beveled to suit the angle.

Figure 6-5A shows a special case of the
bevel gear-the miter gear. A pair of miter
gears is used to connect ghafts having a 80°
angle, which means the gear faces are beveled
at a 45° angle.

You can see {n figure 6-~5P how bevel
gears are designed to join shafts at any angls.
Gears cut at any angie other (nan 45° are
called just plain bevel gears.
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HELICAL SPUR GEARS

SECTOR GEAR

RACK GEAR

The gears shown in figure 6-5 are called
" straight bevel gears, because the whole width
-0f each tooth comes in contact with the mating
tooth at the same time. However, you'll also
run across spiral bevel gears with teeth cut
"8G as to have advanced and trailing ends.
" Figure 6-8 shows you what spiral bevel gears
look like. They have the same advantages as

5.22.3
Figure -4, —Herringhone gear.

az

3.23:.24

Figure 6-3.—-Gear types.

other spiral (helical) gears—less lost motion
and smoother, quieter operation.

THE WORM AND WORM WHEEL.-—Worm
and worm-wheel combinations, like those in
figure 6-7, have many uses and advantages.
But it’s better to understand their operating
theory before learning of their uses and ad-
vantages.

Figure 6«7A shows the action of a single-
thread worm. For each revolution of the worrm,

—

€

A MITER GEAR B. BEVEL GEAR

5.22.4
Figure 6-5.—Bevel gears.
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5.22.6
Figure 6-6.-5piral bevel gears.

the worm wheel turns one tooth. Thus if the
worm wheel has 25 teeth the gear ratio is 25:1.

Figure 6-7B shows a double-thread worm.
For each revolution of the worm in this case,
the worm wheel turns two teeth. That makes
the gear ratio 25:2 if the worm wheel has 25
teeth.

Likewise, a triple-threaded worm would turn
the worm wheel three tecth per revolution of
the worm.

A worm gear is really a combination of
a screw and a spur gear. Tremendous me-
. chanical advantages can be obtained with this
- arrangement. Worm drives can also be de-
" signhed so that only the worm is the driver—the

spur cannot drive the worm. On a hoist, for
example, you can raise or lower the load by
pulling on the chain which turns the worm. But
if you let go of the chain, the load cannot drive
the spur gear and let the load drop to the deck.
This ig a non-reversing worm drive.

CHANGING DIRECTION WITH GEARS

No doubt you know that the erankshaft in an
automobile engine can turn inonly onedirection.
If you want the car to go backwards, the effect
of the engine’s rotation mugt be reversed. This
is done by a reversing gear inthetransmissicn,
not by reversing the direction in which the
crankshaft turns.

A study of figure 6-8 will show youhow gears
are used to change the direction of motion. This
is a schematic diagram of the sight mountson a
Navy gun. If you crank the range-adjusting
handle A in a clockwise direction the gearB di-
rectly above it is made to rotate in a counter-
clockwise direction. This motion causes thetwo
pinions C and D on the shaft to turn in the same
direction as gear B against the teeth cut in
the bottom of the table. The table is tipped
in the direction indicated by the arrow.

As you turn the deflection-adjusting handle
E In a clockwise direction the gear F directly
above it turns in the opposite directton. Since
the two bevel gears G and H are fixed on the

SINGLE-THREAD WORM

v——
DOUBLE.-THREAD WORM
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5.22.9

Figure 6~7.--Worm gears.
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131.26
Figure 8-8.~Gears change direction of
applied motion.

haft with F, theyalsoturn. These bevel gears,
‘eshing with the horizontal bevel gears 1 and
;.cause I and J to swing the front ends of the
elescopes to the right. Thus with a simple
stem of gears, it is possible to keep the two
elescopes pointed at a moeving target. In this
many other practical applications, gears
One purpose-to change the direction of

HANGING SPEED

‘As youw’ve already seen in the egg-beater,
€aTs can be used to r:hangethe speed of motion.
xample of this use of gears is found
ock or watch. The mainspring slowly

Iution in . 12 kcurs. Through a series—or
_'rs -the .mimite: hand - makes one
-each hour, ‘while the second hand
s around once per mintte. .. .

B will_ help you ta understand how

nds _'.md ‘causes the hour hand to make ome.

Now, if you turn A at a speed of four revolu-
tions per second, B will be rotated at one
revolution per second. Wheel C also moves
at one revolution per second, and causes D to
turn at two revolutions per second. You get
out two revolutions per second after having
put in four revolutions per second. Thus the
overall speed reduction 18 2/4—or 1/2~which
means that you got half the speed out of the
last driven wheel that you put into the first
driver wheel.

You can solve any gear speed-reduction
problem with this formula-—

5, =8

where

8 ) = speed of firat shaft in train

S g = speed of last shaft in train

Ty = product of teeth on all drivers

Tg = product of teeth on all driven gears

Now use the formula on the gear train of
figure 6-8.

T
1, ,,10x20 _

2° %1 T FT, T "¥a0x10 T
%% = 2 revs. per sec.

Figure 6-9.~Gears can change speed of
. o applied motion.
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Almost any increase or decrease in speed
can be obtained by choosing the correct gears
for the job. For example, the turbines ona
ship have to turn at high speeds—say 5800 rpm—
if they are going to be efficient. But the
propellers, or screws, must turnrather slowly—
say 195 rpm—to push the ship ahead with
maximum efficiency. So, a set of reduction
gears is placed between the turbines and the
propeller shaft.

When two external gears mesh, they rotate
in opposite directions. Often you’ll want to
avoid this. Put a third gear, called an idler,
between the driver and the driven gear. But
don’t let this extra gear confuse vou on speeds.
Just neglect the idler entirely. It doesn’t
change the gear ratio at all, and the formula
still applies. The idler merely makes the
driver and its driven gear turn in the same
direction. Figure 6-10 will show you how this
works.

MAGNIFYING FORCE WITH GEARS

Gear trains are used to increase the me-
chanical advantage. In fact, wherever there is
a speed reduction, the effect of the effort you
apply is multiplied. Look at the cable winch in
fizure 6-11. The crank arm is 30 inches long,

and the drum on which the cable is wound has a
The small pinion gear has 10

15-inch radius.

teeth, which mesh with the 60teeth onthe internal
spur gear. You will find it easier to figure the
mechanical advantage of this machine if you
think of it as two machines.

First, figure out what the gear and pinion do
for you. The theoretical mechanical advantage
of any arrangement of two meshed gears can be
found by the following formula—

T
M. A. (theoretical) = ;'I.—Q'
a
In which, T_ = number of teeth on driven
gear;
Ta: mumber of teeth on driver
gear.
In this case, To = 60 and Ta = 10. Then,
T
- -2 _ 80
M. A. (theoretical) = Ta =10 = 6

Now, for the other part of the machine, which
is a simple wheel-and-axle arrangement con-
sisting of the crank arm and the drum. The
theoretical mechanical advantage of this can be
found by dividing the distance the effort moves—
2rR—in making one complete revolution, by the
distance the cable is drawn up in one revolution
of the drum—2rr.

M. A. (theovetical) = S Y1 2

SAME DIRECTION

12.55

Figure 6-10.—An idler gear.
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Figure 6-11.--This magnifies your effort.

You know that the total, or overall, theoret-
ical mechanical advantage of a compound ma-
chine is equal to the product of the mechanical
advantages of the several simpie machines
that make it up. In this case vou considered
the winch as being two machines~one having
an M. A. of 6, and the other an M. A. of 2.
Therefore, the over-all theoretical mechanical
- advantage of the winch is 6 x 2, or 12. Since
friction is always present, theactual mechanical
advantage mzy be only 7 or 8. Even so, by
applying a force of 100 pounds on the handle,
“you could lift a load of 700 or 800 pounds.

You use gears to produce circular motion.
But you often want to change rotary motion
int¢ up-and-down or linear motion. You can
use cams to do this. For example-—

The cam shaft in figure €-12 is turned by
the gear. A cam is keyed to the shaft and turns
with it. The cam has an irregular shape which
is designed to move the valve stem up and
down, giving the valve a straight-line motion as
the cam shaft rotates.

When the cam shaft rotates, the high point—
lobe—of the cam raises the valve to its open
position. As the shaft continues to rotate,
the high point of the cam is passed and the
valve is lowered to closed position,
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A set of cams, two to a cylinder, driven by
timing gears from the crankshaft operate the

axhannok

balran valuae A tha
CTadiduot
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AR MILART VAl YOO WIE LLILT
mobile engine as shown in figure 6-13. Cams
are widely used in machine tocls and olher
devices to make rotating gears and shafts do
up-and-down work.

I Te 1 &1 +
gastalile auic-

SUMMARY

These are the important points you should
keep in mind about gears--

Gears can do a job for you by changing the
direction, 'speed, or size of the force which
you apply.

When two external gears mesh, they always
turn in opposite directions. You can
make them turn in the same direction by
placing an idler gear between the two.

The product of the number of teethon each of
the driver gears, divided by the product of
the number of teeth on each of the driven
gears, gives you the speed ratio of any
gear train.

The theoretical mechanical advantage of any
gear train is the product of the number of
teeth on the driven gear wheels, divided
by the product of the number of teeth on
the driver gears.

The overall theorétical mechanical advantage
of a compound machine is equal to the
product of the theoretical mechanical
advantages of all the simple machines
which make it up.

Cams are used to change rotary motion into
linear motion.

One of the gear systems you’ll get to see
frequently aboard ship is that on the anchor
winch. Figure 6-14 shows you onetype in which
you can readily see how the wheels go 'round.
The driving gear A is turnedby the winch engine
or motor. This gear has 22 teeth, which mesh
with the 88 teeth on the large wheel! B. Thus,
you know that the large wheel makes ohe revolu-
tion for every four revolutions of the driving
gear A. You get a4-to-1theoretical mechanical
advantage out of that pair. Secured to the same
shaft with B is the .o .1 spur gear C, covered
up here. The gear C has 30 teeth which mesh
with the 90 teeth on the large gear D, also
covered up. The advamtage from C to D is
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Figure 6-12, =Cam-driven valve.

3 to 1. The sprocket wheel to the far left, on
the same shaft with D, is called a wildcat.
The anchor chain is drawn up over this. Every
second link is caught and held by the protrud-
ing teeth of the wildcat. The overall mechanical
advantage of the winchis 4 x 3, or 12 to 1.

Figure 6-15 shows you an application of the
rack and pinion as a steering mechanism. Turn-
ing the ship’s wheel turns the small pinion A.
This pinion causes the internal spur gear to
turn. Notice that there is a large mechanical
advantage in the arrangement.

Now you pee that center pinion P turns. It
meshes with the two vertical racks. When the
wheel is turned full to the right, one rack moves
downward “and the other moves upward to the
positions of the racks, Attached to the bottom
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CHAPTER 7

WORK

MEASUREMENT

You know that machines help you to do work.
But just what is work? Work doesn’t mean
simply applying a force. If that were so, you
would have to consider that Big-Boy, busily
applying his 220-pound force on the sea bag in
figure 7-1 is doing work. But no work is being
done!

Work, in the mechanical sense of theterm, is
done when a resistance is overcome by a force
acting through a measureable distance. Now, if
Big-Boy were tolift his 90-pound bag off the deck
and put it on his bunk, he would be doing work.
He would be overcoming a resistanceby applying

a force through a distance.

Notice that two factors are involved—force
.and movement through a distance. The force is
. normally measured in pounds, and the distance
"in feet. Work, therefore, iscommonly measured
“in units called foot-pounds. You do one foot-
pound of work when you lift a one-pound weight
through a height of one foot. But—you also do
one foot-pound of work when you apply one
pound of force on any object through a distance
of one foot. Writing this as a formula, it
becomes-—-

WORK _ FORCE _DISTANCE
(foot-pounds)  (pounds) (feet)

Thus, if the sailor liftsa 90-pound bag through
a vertical distance of 5 feet, he will do—

WORK = 90x 5 = 450 ft -~1b.

There are two points concerning work that
you should get straight right at the heginning.
First, in caleculating the work done you meas-
ure the actual resistance being overcome. This
is not necessarily the weight ¢ *he object being
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moved. To make this clear, look at the job the
bluejacket in figure 7-2 is doing. He is pulling
a 900-pound load of supplies 200 feet along the
dock. Does this mean that he is doing 900 times
200, or 180,000 foot-pounds of work? Of course
not. He isn’t working against the pull of gravity—
or the total weight—of the load, He’s pulling
only against the rolling friction of the truck,
and that may be as little as 90 pounds. That is
the resistance which is being overcome. Always
be sure that you know what resistance is being
overcome by the effort, as well as the distance
through which it is moved. The resistanceinone
case may be the weight of the object; in ancther
it may be the frictional resistance of the object
as it is dragged or rolled along the deck.

The second peint to hoid in mind is that you
have to move the resistance todoany work on it.
Look at Willie in figure 7-3. The pcor guy has
been holding that suitcase for the past 15 minutes
waiting for the bus. His arm isgetting tired; but
according to the definition of work, he isn’t
doing any—because he isn’t moving the suitcase.
He is merely exerting a force against thepull of
gravity on the bag.

You already Imow about the mechanical ad-
vantage of a lever. Now consider it in terms of
getting work done easily. Look at figure T-4.
The load weighs 300 pounds, and you want to
1ift it up onto a platform a foot above the deck.
How much work must you do on it? Since 300
pounds must be raised one foot, 300 times 1,
or 300 foot-pounds of work must be done. You
can’t make this weight any smaller by the use
of any machine. However, if you use the eight-
foot plank as shown, you can do that amount of
work, by applying a smaller force through a
longer distance. Notice that you have a mechan-
ical advantage of 3, so that a 100-pound push
down on the end of the plank will raige the 300~
pound crate. Through how long a distance will
you have to exert that 100-pound push? Neglecting




BASIC MACHINES

friction-znd in this case you can safely do s0=
the work dJdone on the machine is equal to the
work done by the machine, Say it this way--

NO LOITERING

Work put in + work put out.

And since Work = force x distance, you can
substitute ‘‘force times distance' on each side
of the work equation. Thug—

Fl times S1 = F2 times S
in which,
F 1= effort applied, in pounds

3 = distance through which effort moves, in
feet
Fgq = resistance overcome, in pounds
S5, = distance resistance is moved, in feet
Now substitute the knownvalues, and youobtain-—

100 times S 300 times 1

2

1
Figure 7-1..-No work ia being done. S1

J feet

131.34
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131.35
Figure 7-3.—No motion no work.

The advantage of using the lever isnot that it
makes any less work for you, but that it allows
you to do the jocb with the forceat your command.
You'd probably have some difficulty lifting 300
pounds directly upward withouta machine tohelp

. you!

! A block and tackie also makes work easier.
~But tike any other machine, it can’t decrease
~ithe total amount of work to be done. With a rig
- like the one shown in figure 7-5, the bluejacket
has a mechanical advantageof 5, neglecting fric-
tion. Notice that five parts of the rope go to and
from the movable block. To raise the 600-
pound load 20 feet, he needs to exert a pull of
only 1/5 of 600—or 120 pounds. But—he isgoing
to have to pull more than 20feet of rope through
his hands in order to do this. Use the formula
again to fizure why this is so—

Work inpuat = work output

leSl

H

szsz

And by substituting the known valueg
120x S = 600 x 20

8

ik

1 100 {eet.

This means that he has to pull 100 feet of
rope through his hands in order to raisethe load
20 feet. Again, the advantage lies inthe fact that
a relatively small force operating through a
large distance can move a big load through a
smal] distance.

The sailor busy with the big piece of machin-
ery in figure 7-6 has his work cut out for him.
He is trying to seat the machine square on its
foundations. The rear end must be shoved over
one-half foot against a frictional resistance of
1,500 pounds. The amount of work to be done is
1,500x1/2, or 750 foot-pounds. He will have todo
at least this much work on the jack he is using.
If the jack hasa21/2-foothandle—R = 21/2ft —
and the pitch of the *jack screw is 1/4 inch, he
can do the job with little effort. Neglecting fric-
tion, you can figure it out this way—

Work input = work output

leSl szsz

In which
Fl = force in pounds applied on the handle;

Sl = distance, in feet, that the end of the
handle travels in one revolution;

I“2 = pesistance to be overcome;

S2 = distance in feet that head of jack is ad-
vanced by one revolution of the screw.
Or, the pitch of the screw.

And, by substitution,

Fl x 2R = 1500 x 1/48,

since 1/4" = 1/48 of a foot
Fl Xx2x21/2 = 1500 x 1/48
F, = 2 pounds

1
The jack makes it theoretically possible for
the sailor to exert a 1,500-pound push with a
2-pound effort, but look at the distance through
which he must apply that effort. One complete
turn of the handle represents a distance of 15.7
feet. That 15.7-foot rotation advances the piece
of machinery only 1/4th of an inch-or 1/46th
of a foot, Force is gained at the expense of
distance.
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131.3%
Figure 7-5.—A block and tackle makes
work easier.

lump of sugar on a table and give each an equal
push, the marble will move farther. This I8 be-
cause rolling friction is always )«ssthan sliding
friction. You take advantage of tl.. s fac* whenever

. you use ball bearings or roller bearings. See

- figure 7-7.

Remember that rolling iriction isalwaysless
than sliding friction. The Navy takes advantage
of that fact. Look at figure 7-8. This roller
chock not coly euts down the wear and tear on
lines and eables which are run through it, but—
by reducing friction~also reduces the load the
winch has to work against.

The roller bitt in figure 7-9 is another ex-
ample of how you cain cut downthe wear and tear
on lines or cable and also reduce your frictional
loss,

When it is necessary to have one surface
move over another, you can decrease the fric-
tior by the use of lubricants, suchasoil, grease,
or soap. You wiil use lubricantsonflat surtfaces,
gun slides for example, as well as on ball and
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131.38

Figure 7-6.~A big push.

roller bearings, to further reduce the frictional
resistance and to cut down the wear,

Don't forget that in a lot of situations fric-
tion is mighty helpful, however. Many a blue-
jacket has found out about this the hard way—
on a wet, slippery deck. On some of our ships
you’ll find that a rough-grained deck ccvering
is uged. Here you have friction working ‘r.c you.
It helps you to keep your footing.

EFFICIENCY

Up to this point you have been neglecting the
effect of friction oh machines. This makea it
easier to explain machine operation, but you
kmow from practical experience that friction {s
involved every time two surfaces move against
one another, And the work used in overcoming
the frictional resistance does not appear in the
work output. Since this i3 so, it’s obvious that
you have to put more work into a machine than
you get out of it. In other words, no machine 13
100 percent efficient.

Take the jack in figure 7-8, for example. The
chances are good that a 2-pound force exerted on
the handle wouldn’t do the job atall, More likely
a pull of at least 10 pounds would be required.
Thig indicates that only 2 out of the 10 pounds,
or 20 percent of the effort i3 usefully employed
to do the job. The remaining 8 pounds of effort
were consumed in overcoming the frictioninthe
Jack. Thus, the jack has an efficiency of only 20
percent. Most jacks are inefficient, but even
with this inefficlency, it i5 possible to deliver
a huge push with a gmall amount of effort.
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!

gy

12.50
Figure 7-'1.--These reduce friction.

A simple way to czlculate the efficiency of a
machine is to divide the output by the input—
convert to percentage

Output
Input

Now go back to theblock-and-tackle problem
illustrated in figure 7-5. It’s likely that instead
of being able to lift the load with a 120-pound
pull, the bluejacket would perhaps have to use a
160-pound pull through the 100feet, You cancal-
culate the efficiency of the rig by thz following
method—

Efficiency =

F, xS

- _ output 2772
Efficiency = ou = S
input F1 X S1

and, by substitution,

_B0Cx 20

160 x 100 = 0.75 or 79 percent.

Theoretically, with the mechanical advantage
of twelve developed by the cable winch back in
figure 6-11 you should be able to lift a 600~
pound load with a 50-pound push on the handle.
If the machine has an efficiency of 60 percent,
how big a push would you actually have to apply?

Actually, 50 + 0.60 - 83.3 pounds. Youcancheck
this yourself in the following manner—

Qutput
Input

Efficiency

F2x82

lesl

One revolution of the drum would raise the
600-pound load a distance Sgp of 2rr or 7.85
feet. 'To make the drum revolve once, the pinion
gear must be rotated six times by the handle;
and the handle must be turned throughadistance
51 of 6x2«R, or 94.2 feet. Then, by substitution-

600 x 7.85
0.60 = +—34.%
1
600 x7.85 _
Fy = 94.2x%0.60 _ 09-3 pounds.

131.398
Figure 7-B.—It saves wear and tear.
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Becauge this machine is only 60-percent ef- Friction between two surfaces depends upon
ficient, you hive to put 84.2x83.3, or 7,647 foot~ the nature of the materials and the mag-
pounds of work into it in order to get 4,710 nitude of the forces nushing them tegather.

fostapounds of work out of it. The difference—
7,847-4,710 3,137 foot-pounds~isusedtoover-
come friction within the mackine.

SUMMARY

Here are some of the important points you
should remember about friction, work, and
efficiency—

You de work when vou apply a force againsi

a resistance and move the resistance.

Since force—measured in pounds—and
distance—measured infeet—are involved,
werk is measured in foot-pounds., One
foot-pourd of work is the result of a cne-
nound forre, acting against a resistance
through a distance of one foot.

Machines help vou to do work by making it
possible to move a large resistance
through a small distance by the applica-
tion of a small force through a large
distance.

Since friction is present in all machines,
more work must be done on the machine
than the machine actually does ontheload.

The efficiency of any machine caa be found
by dividing the output by the input.

The resistance that one surface offers to
movement over a second surface is called 131.40
friction, Figure 7-9.—=Roller bitt saves line.
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CHAPTER 8

POWER

I's all very well to talk about how much
work a man can do, but the payoff is wow long it
takes him toc do it. Lnok at “‘Lightning’’ in
figure 8-1, He has lugged 3 tons of bricks up to
the sccund deck of the new barracks. However,
it has token him three i0-hour days-—1800
minutes—to do the job. Inraising the 6000 pounds
15 feet he did 95,000 foot-pounds of work,
Remember —force x distance =work. Since it took
him 1800 minutes, he has been working at the
rate of 90,000+1800, or 530 foot-pounds of work
per minute.

That’s power—the rate of doing work. Thus,
power always includes the time element, Doubt-
less you could do e same amount of work in one
10-hour day, or 600 minutes—which would mean
that you would work at the rate of 90,000:600
= 150 foot-pounds per minute. You then would
have a power value three times as great as that
of “‘Lightning "’

By formula—
. __Work, in ft-1b
Power = Time, in minutes
HORSEPOWER

You measure force in pounds; distance in
feet; work in foot-pounds. What is the common
unit used for measuring power? The horsepower.,
H you want to tell someone how powerful an
engine is, you could say that it is so many times
more powerful than 2 man, or an ox, or a horse,
But what man, and whose ox or horse? James
Wait, the fellow who invented the steam engine,
compared his early models with the horse. By
ezperiment, he found that an average horse coutd
lift a 330-pound load straight up through a dis-
tance of 100 feet inone minute. Figure B-2 shows
you the type of rig he used to find this out. By
agreement among scientists, that figure of 33,000
foot-pounds of work done in one minute hasbeen
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accepted as the standard unit of power, and it
is called a horsepower—hp,

Since there are 60 seconds in a minute, one
horsepower is also equal tozia-é-.ﬁﬂu 550 foot-

pounds per second, By formula -

Power (in ft-1b per min)
33,000

tlorsepower =

CALCULATING POWER

It isn’t difficult to figure how much power is
needed to do a certain job in a given length of
time, nor to predict what size engine or motor is

131,41

Figure 8~1,-Get a horse,
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131.42

Figure 8-2.—0ne horsepower.

needed tc do it. Suppose an anchor winch must
raise a 6,600-pound anchor through 120 feetin2
minutes. What must be the theoretical horse-
power rating of the motor on the winch?

The f{irst thing to do is to find the rate st
which the work must be done, You see the
formula.—

Power = York _ force x distance
time time

Substitute the known values in the formula,
and you get.

€,600 x 120

Power = 5 = 396,000 ft-1b/min

So far, you know that the winch must work at
a rate of 366,000 ft -Ib/min. To change this
rate t horsepower, you divide by the rate at
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which the average horse can work—33,000ft-1b/
min,

- Power {(ft-1b/min} _

Horsepower = 337000
. ’
396,000 _
= 33’0 0 = 12 hp.

Theoretically, the winch would have to be able
to work at a rate of 12 horsepower in order to
get the anchor raised in 2 minutes, Of course,
you've left out all friction in this problem, so
the winch motor would actually havetobelarger
than 12 hp.

Planes are raised from the hangar deck tothe
flight deck of a carrier on an elevator. Some
place along the line, an engineer had to figure
out how powerful the motor had to be in order
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to raise the elevator, It’s not too tough when you
know how, Allow a weight of 10 tons for the
elevator, and 5 tons for the plane. Suppose that
you want to raise the elevator and plane 25 feet
in 19 seconds. And that the overall efficiency of
the elevator mechanism is 70 percent. Withthat
information you can figure what the delivery
horsepower of the motor must be. Set up the
formulas—

_ force x distance
Power = fime

hp = ?,wer

Substitute the kmown values in their proper
places, and you have—

power = 3100 %%Ol:iiztit = 4,500,000 {t 1b/min.

_ 4,500,000

hp = 136.4 hp.

So, 136.4 horsepower would be needed if the
engine had 100 percent overall efficiency. You
want to use 70 percent efficiency, so you use
the formula—

Efficiency = OT?E%

136.4
0.70

This is the rate at which the engine must be
able to work. To be on the safe side, you'd
probably select a200-horsepower auxiliarytodo
the job.

Input = =194.8 hp.

FIGURING THE HORSEPOWER RATING
OF A MOTOR

You have probably seenthe horsepower rating
plates on electric motors. A number of methods
may be used to determine this rating. One way
that the rating of a motor or a steam or gas
engine can be found is by the use of the prony
brake. Figure 8-3 shows you the Prony brake
setup. A pulley wheel is fixed to the shaft of the
motor, and a leather belt is held firmly against
the pulley. Attached to the two ends of the belt
are spring scales, When the motor is standing
still, each scale reads the same-say 15 pounds.
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131.43

Figure B-3.--A prony brake,

When the pulley turns in a clockwise direction,
the {riction between the belt and the pulley makes
the belt try to move with the pulley, Therefore,
pull on scale A will be greater, and the pull on
scale B will be lesg than 15 pounds,

Suppose that scale A reads 25 pounds, and
scale B reads 5 pounds, That tells you that the
drag, or the force against which the motor is
working, is 25—5=20 pounds. In this case the
normal speed of the motor is 1800 rpm (revo-
lutions per minute) and the diameter of the
pulley is one foot,

The number of revolutions can be found by
holding the revolution counter C against the end
of the shaft for one minute. This counter will
record the number of turns the shaft makes per
minute. The distance D which any point on the
pulley travels in one minute is equal to the
circumference of the pulley times the number of
revolutions—3. 14x1x1800 =5652 ft.

You know that the motor is exerting aforce of
20 pounds through that distance. The work done
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in one minute is equal to the force times the
distance, or work = FxD = 20x 5,652 = 113, 040
ft ~lb/min. Change this to horsepower—

113, 040 _

W = 3.43 hp.

Here are a few ratings for motors or engines
with which vou are familar--an electric mixer

has 2 1/16-hp motor; a washing machine a 1/4-
hp motor.

SUMMARY

There are two important points for you to
rememoer about Power—

Power is the rate at which work is done.

The umit in which power is measured is the
horsepower, which is equivalent to working at a
rate of 33,000 ft-lb per min, or 550 ft-1b per sec.
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FORCE AND PRESSURE

By this time vou should have a pretty good
idea of what a force is. Aforceis a push or a pull
exerted on—or by-an object. You apply a force
on a machine, and the machine inturntransmits
a force to the load. Men and machines, however,
are not the only things that can exert forces. If
you've been out in a sailboat you know that the
wind can exert a force. Further, youdon’t have to
get knocked on your ear more than a couple of
times by the waves to get the idea that water, too,
can exert a force. As a matter of fact, from
reveille to taps you are almost constantly either
exeriing fcrces or resisting them. That’s the
reason you are pooped when you hit the sack.

MEASURING FORCES

You've had a lot of experience in measuring
forces. You can estimate or ‘‘guess’’ the weight
of a package you’re going to mail by ‘‘hefting”’
it. Or you can put it on a2 scale to find its weight
accurately. Weight is a common term that tells
you how much force or pull gravity is exerting
on the object.

You can readily measure force with a spring
scale. An Englishman named Hooke discovered
that if you hang a 1-pound weight ona spring, the
spring stretches a certain distance. A 2-pound
weight will extend the spring just twice as far,
and 3 pounds will lengthen it three times as far
as the l-pound weight did. Right there is the
makings of the spring scale. All you need to do
is attach a pointer to the spring, put a face on
the scale, and mark on the face the positions of
the pointer for various loads in pounds or ounces.

This type of scale canbe used to measure the
pull of gravity—the weight—of an object, or the
force of a pull exerted againstfriction, as shown
in figure 9-1. Unfortunately, springs get tired,
just as you do. When they get old, they don’t
always snap back to the original position, Hence
an old spring or an overloaded spring will give
inaccurate readings.
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HONEST WEIGHT~NO SPRINGS

Because springs do get tired, other types of
force-measuring devices are made. You’ve seen
the sign, ‘‘Honest Weight—No Springs’’, on the
butchershop scales. Scales of this type are
shown in figure 9-2, They are applications of
first-class levers. The one shown in figure
9-2A is the simplest type. Since the distance
from the fulerum to the center of each platform
is equal, the scale is balanced when equal weights
are placed on the platforms. With your knowl-
edge of levers, you will be able to figure out
how the steel yard shown in figure 9-2B operates.

PRESSURE

Have you ever tried to walk on crusted snow
that would break through when you put your weight
on it? But you could walk on the same snow if
you put on snowshoes, Further, you know that
snowshoes do not reduce your weight-they
merely distribute it over a larger area. Indoing
this, they reduce the pressure per square inch.
Figure out how that works. If you weigh 160
pounds, that weight, or force, is more or less
evenly distributed by the soles of your shoes.
The area of the soles of an average man’s
shoes is roughly 60 square inches. Each one of
those square inches has to carry 160+60=2.6
pounds of your weight. Since 2.6 pounds per
square inch is too much for the snow crust, you
break through.

When you put on the snowshoes, youdigtribute
your weight over an area of approximately 900
8q in.—depending, of course, on the size of the
snowshoes. Now the force on each one of those
square inches is equal to only 160+900=0.18
pound. The pressure on the snow has been de-
creased, and the snow can easily support you.

Pressure is force per unit area—and is
measured, in pounds per square inch—‘‘psi,”’
With snowshoes on, you exert a pressureof0.18
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131.44

Figure 9-1.--You can measure force with a scale,

psi. To calculate pressure, divide the force by
the area over which the forece is applied. The
formula is—

F

orce, in lb

Pressure, in psi = -
» 1P Area, in sq in

F

ey

P=3

To get this idea, follow this problem, A tank
for holding fresh water aboard a ship is 10 feet
long, 6 feet wide, and 4 feet deep. It holds, there-
fore, 10x6x4, or 240 cubic feet of water. Each
cubic foot of water weighs aboit 62.5 pounds.
The total force tending o push the bottom out
of the tank is equal to the weight of the water—
240x62.5, or 15,000 b, What i3 the nressure on
the bottomn ? Since the weight is evenly distributed

on the bottom, you apply the formula P=i:- and

substitute the proper values for F and A.In thi.
case, F=15,0001b, and the area of the bottom in
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square inches is 10x6x144, since 144 sq in.=1
sq ft.

_ 15,0006

“Tox6x143 - 1-T4psi

Now work out the idea in reverse. You live
at the bottom of the great sea of air which sur-
rounds the earth, Because the air has weight—
gravity pulls on the air,
force on every object which it surroumds. Near
sea level that force on an area of 1 square inch
is roughly 15 pounds. Thus, the air-pressure at
sea level is about 15 psi. The pressure gets less
md less as you go up ‘o higher altitudes.

With vour finger, mark out an area of one
square foot on your chest. What is the total force
which tends to push in your chest? Againuse the

_F
formula P =<

ré Now substitute 15 psi for P, and

for A use 144 sq. in. Then F = 144x15, cr 2160
1b. The force on your chestis 216G 1b per square
foot«-more than a ton pushing against an areaof
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18.30
Figure 9-2.—Balances.

1 sq ft. If there were no air inside your chest to equal pressure in all directions. Figure §-3

push outward with the same pressure, you'd be  shows that. Whether the hole is In the top, the

squashed flatter than a bride’s biscuit. bottom, or in one of the sides of a submarine,
the water pushes in through the hole.

MEASURING PRESSURE In many jobs aboard ship, it is necessarv tc
Fluids—which include both liguids and know the pressure exerted by gas or a liquid.
gases—exert pressure, A fluid at rest exerts For example, it is important at all times to kmow

121.45

Figure 9.3, Fluids exert pressure in all directions.
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the steam pressure inside of 2 boiler. One device
to measure pressure isthe Bourdcn gage, shown
in figure 9-4. Its working principle is the same
as that of those snakelike paper tubes which you
get at a New Year's party. They straighten out
when you blow inte them.

In the Bourdon gage there is a thin.walled
metal tube, somewhat flatiened, and bentintothe
form of a C. Attached to its free end is a lever
system which magnifies any maction of the free
end of the tube. The fixed end of the gage ends in
a fitting which is threaded intothe boiler system
sc that the pressure in the hoiier will be trans-
mitted to the tube., Like the paper ‘‘snake,”
the metal tube tends to straighten out when the
pressure inside ‘it is increased. As the tube
straightens, the pointer is made to move around
the dizl. The pressure, in psi, may be read
directly on the diat.

Air pressure and pressures of steam and
other pases, and fluid pressures in hydraulic
systems, are generally measured in pounds per
gquare imch. For convenience, however, the
pressure exerted by water is commaonly meas-
ured in pounds per sguare foot. You'll find more
about this in chapter 10.

GEAR

HAR SPRING
}

The Beourdon gage is a highly accurate but
rather delicate instrument, and can be very
easily damaged. In addition, it develops trouble
where pressure fluctuates rapidly, To overcome
this, another type of gage, the Schrader, was
developed. The Sehrader gage (fig. 9-5) is not
as accurate as the Bourden, but is sturdily con-
structed and quite suitable for ordinaryhydrautic
pressure measurements, It is especially recom-
mended for fluctuating loads. In the Schrader
gage 3 piston is directly actuated by the liquid
pressure to be measured, and moves up a
cylinder against the resistance of a spring,
carrying a bar or indicator with it over a cali-
brated scale. In this manner, all levers, gears,
cams, and bearings are eliminated, and a sturdy
instrument can be constructed.

Where accurate measurements of compara-
tively slight pressures are desired, a dia-
phragm type gage may be used.

Diaphragm gages give sensitive and reliable
indications of small pressure differences. Dia-
phragm gages are often used to measure the air
pressure in the spice between inner and outer
boiler casings. In this tyne of gage, adiaphragm
is connected to a puinter through a metzl spring
and a simple linkage system (fig, 9-8). One side

SECTOR
AND
PINION
BOURDON
TUBE
STATIONARY
SOCKET
PRESSURE
CONNECTION

38.211

Figure 9-4.-The Bourdon gage.
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Figure 9-5.—The Schrader gage.

of the diaphragm is exposed to the pressure
being measured, while the other side is exposed
to the pressure of the atmosphere.

Any increase in the pressure line will move
the diaphragm upwards against the action of the
spring. The linkage system operates and the
pointer rotates to a higher reading. When the
pressure being measured decreases, the spring
moves the diaphragm downward, rotating the
pointer to a lower reading. Thus the position of
the pointer is a balance between the pressure
tending to push the diaphragm upward and the
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spring action tending to push it down. When the
gage reads ‘0’ the pressure inthelineis equal
to the outside air pressure,

THE BAROMETER

To the average man, the chief importance of
weather is as an introduction to general con-
versation. But at sea and in the air, advance
knowledge of what the weather will dois a matter
of great concern to all hands. Operations are
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Figure 9-6.—Diaphragm pressure gage.

planned or cancelled onthe basis of weather pre-
dictions. Accurate weather forecasts are made
only after a great deal of information has been
collected by many observers located over a wide
area.

One of the instruments used in gathering
weather data is the tarometer. Remember, the
air is pressing on you all the time, So-called
normal atmospheric pressure is 14.7 psi. But
as the weather changes, the air pressure may
be greater or less than normal. ¥ the air pres-
sure is low in the area where youare, you know
that air from one or more of the surrounding
high-pressure areas is going to move in toward
you. Moving air—or wind—is one of the most
important factors in weather changes. Ingeneral,
if you’re in a low-pressure area you may expect
wind, rain, and storms. A high-pressure area
generally enjoys ¢lear weather. The barometer
can tell you the air pressure in your locality, and
give you a rough idea of what kind of weather
may be expected,

The aneroid barometer shown in figure 9-7
is an instrument which measures air pressure,
It contains a thin-walled metal box from which
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69.87
Figure 9-7.—An aneroid barometer.

most of the air has been pumped. A pointer is
mechanically connected to the box by a lever
system. If the pressure of the atmosphere in-
creases, it tends to squeeze in the sides of the
box. This squeeze causes the pointer to move
towards the high.pressure end of the scale, If
the pressure decreases, the sides of the box ex-
pand outward. This causes the pointer to move
toward the low-pressure end of the dial,

Notice that the numbers on the dial runfrom
27 to 31. To understand why these particular
numbers are used, you have to understand the
operation of the mercurial barometer. You see
one of these in figure 9-8. It consists of a glass
tube partly filled with mercury. The upper end
is closed. There is a vacuum abovethe mercury
in the tube, and the lower end of the tube is sub-
merged in a pool of mercury in an open cup.
The atmosphere presses down onthe mercuryin
the cup, and tends to push the mercuryup in the
tube. The greater the air pressure, the higher
the column of mercury rises. At sea level, the
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large as that of the incoming steam, and the tur-
bine would not turn at all. To reduce the back
pressure as much as possible, the exhaust steam

HEIGRT OF 32 is run through pipes which are surrounded by
3 =i

MERCURY cold sea water, This causes the steam in the

COLUMN 15 :g pipes to condense into water, and the pressure

READ HERE o8 drops well below atmospheric pressure.

It is important for the engineer to kmow the
pressure in the condensers at all times. To
measure this reduced pressure, or partial vac-
uum, he wuses a gage called a manometer.
Figure 9-9 shows yvou how this simple device
is made. A U-shaped tube has one end connected
to the low-pressure condenser and the other end
is open to the air. The tube is partly filled with
colored water. The normal air pressure on the
open end exerts a bigger push on the colored
water than the push of the low-pressure steam,

ATMOSPHERIC

PRESSURE and the colored water is forced part wayup into
FORCES COLUMN the left arm of the tube. From the scale between
OF MERCURY the two arms of the U, the difference in the
UpP INTO height of the two columns of water can be read,
TUBE This tells the engineer the degree of vacuum—or

how much below atmospheric pressure the
pressure is in the condenser.

69.86
Figure 9-8.—A mercurial barometer.

normal pressure is 14.7 psi, and the height Lo

of the mercury in the tube is 30 inches. As the  CONDENSER | besemmaey
a2ir pressure increases or decreases from day (Low . | )
to day, the height of the mercury rises or falls, _ PRESSURE} |
A mercury barometer aboard ship is usmally S
mounted in gimbals to keep it in a vertical
position despite the rolling and pitching of the
ship.

OPEN TO AIR
PRESSURE

Pressures indicated on dials of most gages
are relative. That is, theyare eithergreater or
less than normal. But remember—the dialofan
aneroid baronieter always indicates absolute
pressures, not relative. When the pressure ex-
erted by any gas is less than 14.7 psi, you have
what’s called a partial vacuum. The condensers
on stez n turbines, for instance, are operated
at pressure well below 14.7 psi. Steam under
very high pressure is run into the turbine and
causes the rotor to turn. After it has passed
through the turbine it still exerts a back pres- '
sure against the blades. You can see that this is 61.4
bad. Soon the back pressure would be nearly as Figure 9.9, A manometer.

a6




Chapter 9—FORCE AND PRESSURE

SUMMARY

Here are seven points that you should
remember .~

A force is apushor apull exerted on—or by—
an object,

Force is generally measured in pounds.

Pressure is the force per unit area which is
exerted on, or by, an object. It is com-
monly measured in pounds per square
inch~psi. F

Pressure is calculated by the formula P=X'
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Spring scales andlever balances are familiar
instruments you use for measuring
forces. Bourdon gages, barometers, and
manometers are instruments for the
measurement of pressure,

The normal pressure of the air is 14.7 psi
at sea level,

Pressure is generally relative, It is some-
times greater—sometimes less—than
normal air pressure. When pressure is
iess than the normal air pressure, you
call it vacuum.
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HYDROSTATIC MACHINES
LIQUIDS AT REST

Y u know that liquids exert pressure. In
crder that your ship may remain 2float, the wat :r
must push upward on the hull, But the water is
alsc exerting pressure on the sides. If you are
billeted on a submarine, youare more cornscious
of water pressure—when you're submerged the
sub is being squeezed from all sides. If your
duties include deep-sea diving, you’ll go over
the side pumped up like a tire so that you can
withstand the terrific force of the water below.
The pressure exerted by the sea water, or by
any liquid atrest, is calledhydrostatic pressure,
In handling terpedoes, mines, depth charges, and
“some types of aerial bombs, you’ll be dealing
* with devices which are operated by hydrostatic
° pressure.

In chapter 9, you found out that all fluids
~exert pressure in all directions. That’s simple
enough. But how great is the pressure? Trya
- little experiment. Place a pile of blocks infront
- of you on the table. Stick the tip of your finger
< under the first block from the top. Not much
pressure on your finger, is there? Stick it in
between the third ard fourth blocks, Tue pres-

sure on your finger has increased. Now slide

your finger under the bottom block in the pile.
There you find the pressure is greatest. The
pressure increases as you go lower in the pile.
You might say that pressure increases with
depth, The same is true in liquids. The deeper
you go, the greater the pressure becomes. But,
depth isn’t the whoie story.

Suppose the blocks in the preceding para-
graph were made of lead. The pressure at any
level in the pile would be considerably greater,
Or, suppose they were blocks of balsa wood—the

'HINE!

pressure at each level wouldn't be so great.
Pressure, then, depends not only on the depth,
but also on the weight of the material. Since
you are dealing with pressure—force per unit of
area—you will also be dealing with weight per
unit of volume-—~or density.

When you talk about the density of a sub-
stance you are talking about its weight per cubic
foot—or per cubic inch, For example, the density
of water is 62.5 1b, per cu, ft. This gives you a
more exact way of comparing the weights of two
materials. To say that lead is heavier than water
isn’t a complete statement. A 22-caliber bullet
«.esn’t weigh as much as a pail of water, It is
true, however, that a cubic foot of lead is lots
heavier than a cubic foot of water, Lead has a
greater density than water. The density of lead
is 710 1b. per cu. ft., as compared with 62.5 b,
per cu, ft. for water.

Pressure depends on two factors—depth and
density-so it is easy to write a formula that will
help you find the pressure at any depth in any
liquid, iere it is—~

P=HxD
in which
P =pressure, in Ib. per sq. in., or 1b, per
sq. ft
H = depth of the point, measured in feet or
inches,

and

D = density in 1b, per cu. in. or in Ib. per
cuw ft,

Note: I inches are used, they inust be used
throughout; if feet are used, they must be used
throughout.
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What is the pressure oh onhe square foot of the
surface of a submarine if the submarine is 200
feet below the surface? Use the lformula-~

P=HxD
and
P= 200 x 62.5 = 12,500 lb. per sq. [t.

Every square foot of the sub’s surface which
is at that depth has a force of over 6 tons push-
ing in onit, fthe height of the hull is 20 feet, and
the area in guestion is midway betweenthe sub’s
top and bottom, vou can see that the pressure
on the hull will be at least (200~10} x €2.5 =
11,875 Ib. per sq, ft., and the greatest pressure
will be {200 + 12} x 62.5 =13,125 Ib. per sq. ft,
Obviously, the hull has to be made very strong
to withstand such pressures.

Using Pressure {o Fire
the Depth Chavge

Although hiding below the surface expasesthe
sub to great fluid pressure, it alsa pravides the
sub with a great advantage. A submarine ishard
to kill because it is hard to hit. A depth charge
must explode within 30 to 50 feet of 3 submarine
to really score, And that means the depth charge
must not go off until it has had time to sink to
approximately the same level as the sub, You
use a firing mechanism which is set off by the
pressure atthe esttmated depth of the submarine.

Figure 10-1 shows a depth charge and its
interior components. A depth charge is a sheet-
metal container filled with a high explosive and
a firing device. A tube passes tirough its center
from end to end. Fitted in one end of this tube
is the booster, whichis a load of granustar TNT to
set off the main charge. The safety fork is
knocked off on launching, and the inlet valve
cover is removed from an inlet through which
the water enters.

When the depth charge pgets abowt 12 to 15
feet below the surface, the water pressure is
sufficient to extend a bellows in the booster ex-
tender. The bellows trips a release mechanism,
and a spring pushes the booster up against the
centering flange. Notice that the detonator fits
into a pocket in the booster, Unless the detonator
15 in this pocket, it cannot set off the booster
charge.

Nothing further happens until the detonator
is fired. As you can see, the detonator is held
in the end of the pistol, withthe firing pin aimed
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4,198
Figure 10-1.—A depth charge.

at the detonator base. The pistol also contains
a bellows into which the water rushes as the
charge goes down. As the pressure increases, the
bellows begins to expand against the depth spring,
You can adjust this spring so that the bellows will
have to exert a predetermined force in order to
compress it. Figure 10-2 shows you the depth-
setting dials of one type of depth charge. Since
the pressure on the bellows depends directly on
the depth, you can arrange to havethe charge go
off at any depth vou select on the dial. When the
pressure in the bellows becomes sufficiently
great it releases the firing spring, whichdrives
the firing pin into the detonator. The bocster,
already moved into position, is fired, and this in
turn sets off the entire load of TNT.
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4,204
Figure 10-2,—You select the depth onthese dials.

These two bellows—operated by hydrostatic
pressure—serve two purposes. First they permit
the depth charge to be fired at the proper depth;
second, they make the charge safe to handle and
carry. If the safety fork and the valve inlet cover
should accidentally be knocked off on deck, noth-
ing would happen. Even if the detonator went off
while the charge was being handled, the main
charge would not let go unless the booster were
in the extended position.

To keep a torpedo oncoursetowardits target
is quite a job., Maintaining the proper compass
course by the use of a gyroscope is only part
of the problem. The torpedo must travel at the
proper depth so that it will neither pass under
the target ship nor hop out of the water on the
way. Here again hydrostatic pressure is used
to advantage.

As figure 10-3 indicates, the tinfish contains
an airfilled chamber which is sealed with athin,
flexible metal plat., or diaphragm. This dia-
phragm can bend upward or downward against
the spring. The tension on this spring is de-
termined by setting the depth-adjusting knob.

Suppose the torpedo starts to dive below the
Selected depth. The water, which enters the tor-
pedo and surrounds the chamber, exerts an in-
creased pressure on the diaphragm and causes it

do
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4.122
Figure 10-3.~Inside a torpedo.

to bend down. If you follow the lever system, you
can see that the pendulum will be pushed for-
ward. Notice that a valve rod connects the pendu-
lum to the piston of the depth engine. As the
piston moves to the left, low-pressure air from
the torpedo’s air supply enters the depth engine
to the right of the piston and pushes it to the
left. A depth engine must be used because the
diaphragm is not strong enough to move the
rudders,

The depth-engine’s piston is connected tothe
horizontal rudders as shown., When the piston
moves to the leit, the rudder is turned upward,
and the torpedo begins to rise to the proper
depth. If the nose goes up, the pendulumtends to
swing backward and keep the rudder from ele=-
vating the torpedotoorapidly. Aslong as the tor-
pedo runs at the selected depth, the pressure
on the chamber remains constant, and the rud-
ders donot change from their horizontal position.

Pressure and the
Deep-Sea Diver

Navy divers have a practical, first-hand
knowledge of hydrostatic pressure. Think what
happens to a diver who goes down 100 feet to
work on a salvage job. The pressure on him at
that depth is 6,250 lbs, per sq. ft.! Something
must be done about that, or he’d be squashed
flatter than a pancake.

To counterbalance this external pressure,
the diver is enclosed in a rubber suit into which
alr under pressure 1s pumped hy a shipboard



Chapter 10~-HYDROSTATIC AND FYDRAULIC MACHINES

compressor. Fortunately, the air oot only in-
flates the suit, but gets inside of the diver’s
body as well. It enters his lungs, and even gets
into his blood stream which carries it to every
part of his body. In that way his internal pres-
sure can be kept just egual to the hydrostatic
pressure,

As he goes decper, the air pressure is in-
creased to meet that of the water. Incoming up,
the pressure on the air is gradually reduced. If
he is brought up too rapidly, he gets the ‘*bends.”’
The air which was dissolved in his blood begins
io come out of selution, and form as bubbles in
his veins. Anv sudden release inthe pressureon
a fluid results infreeing some of the gases which
are dissolved in the fluid. .

You have seen this happen when you 3uddenly
relieve the pressure on a bottle of pop by re-
moving the cap. The careful matehing of hydro-
siatic pressure on the diver by means of air
pressure in his suit is essential if diving is to be
done at all,

A Sea-Going Speedometer

Here’s another device that shows you how
your Navy applies its kmowledge of hydrostatic
pressure. Did you ever wonder how the skipper
knows the speed the ship is making through the
water? There are several instruments used
to give this information-the patent log, the
engine revolution counter, and the pitometer
log. The *‘PIT., LOG’’ is operated, in part, by
hydrostatic pressure. It really indicates the dif-
ference hetween hydrostatic pressure and the
pressure of the water flowing past the ship—but
you can use this difference to indicate ship’s
speed.

Figure 10~4 shows vou a schematic drawing
of a pitometer log. A double~wali tube sticks out
forward of the ship’s hull into water which is
not disturbed by the ship’s motion. In the tip of
the tube is anopering A. Whenthe ship is moving
there are two forces or pressures acting on
this opening—the hydrostatic pressure duetothe
depth cf water above the opening, and apressure
caused by the push of the shipthroughthe water.
The total pressure from these two forces is
transmitted through the central or white tube to
the left-hand arm of a manometer.

In the side of the tube is a second opening
B which does not face inthedirectionthe ship is
moving. Opening B passed throughthe cuter wall
of the double-wall tube, but not through the inner
wall. The only pressure affecting this opening
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Figure 10-4..— A Pitometer log.

B is the hydrostatic pressure, This pressure is
transmitted through the outer tube (shaded in the
drawing) tothe right-hand arm of the manometer.

When the ship is dead in the water, the pres-
sure through both openings A and Bisthe same,
and the mercury in each arm of the manometer
stands at the same level. However, as soon as the
ship begins to move, additional pressure is de-
veloped at opening A, and the mercury is pushed
down in the left-hand arm and up into the right-
hand arm of the tube. The faster the ship goes,
the greater this additional pressure becomes,
and the greater the difference will be between
the levels of the mercury in the twoarms of the
manometer. The speed of the ship can be read
directly from the calibrated scale on the mano-
meter.

Incidentally—since air is alsc a fluid~the
airspeed of an aircraft can be foundbya similar
device. You have probably seen the thin tube
sticking out frcin the leading edge of a wing, or
from the nose of the plane. Flyers call this tube
a pitot tube. Its fundamental principle is the
same as that of the pitometer log.

SUMMARY

The Navy uses many devices whose operation
is dependent on the hydrostatic principle. Here
are three pointstoremember about the operation
of these devices,

Pressure in a liquid is exerted equally inall
directions.
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You use the term hydrostatic pressure when
you are talking about the pressure at any
depth in a ligquid that is not flowing.

1vnre hedh Aavnth and Aae

\.I.IJUII (v v 8]} u\:pl-ll i o=

sity.

The formula for finding pressure is—

P=H XD

HYDRAULIC MACHINES
LIQUIDS IN MOTION

Perhaps your earliest contact with a hy-
draulic machine was when you got yo. first
haircut. Tony put a board across the arms of
the chair, sat you on it, and began to pump the
chair up to a convenient level. As you grew
older, you probably discovered that the filling
station attendant could put a car on thegreasing
rack, and-by some mysterious arrangement—
jack it head-high. No doubt the attendant told
you that oil under pressure below the piston was
doing the job.

Come to think about it, you’ ve probably known
something about hydraulics for a long time.
Automobiles and airplanes use hydraulic brakes.
As a bluejacket, you’ll have to operate many
hydraulic machines, sc you’ll want tounderstand
the basic principles on which they work.

Simple machines such as the lever, the in-
clined plare, the pulley, the wedge, and the
wheel and axle, were used by primitive man.
But it was considerably later before someone
discovered that liquids and gases could be used
to exert forces at a distance. Then, avast num-
ber of new machines appeared. A machine which
transmits forces by means of a liquid is a hy-
draulic machine. A variation of the hydraulic
machine is the type that operates by the use
of a compressed gas. This type is called the
pneumatic machine. This chapter deals only with
basic hydraulic neachines.

Pascal’s Law

A Frenchman named Pascal discovered that
a pressure applied to any part of a confined fluid
is transmitted to every other part with no loss.
The pressure acts with equal force on all equal
areas of the confining walls, and perpendicular
to the walls.

But remember this—when you are talking
abcut the hydraulic principle as applied to a
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hydraulic machine, you are talking about the way
a liquid acts in a closed system of pipes and
cylinders. The action of a liquid under such con-
didimen s dm misrinmutlhal AL amant fruar ita hohowvisan
ULLIUEEDS 15 NI Wlldl VILLLICTT 1T 13 ULl VD UCiia vauil
in opencontainers, orinlakes, rivers, oroceans.
You should also keep in mind that most liquids
cannot be compressed--squeezed into a smaller

when pressure is removed.

Punch a hole in a tube of shaving cream. If
you push down at any point on the tube the cream
comes cut of the hole. Your force has been trans-
mitted fr ym one place to another by the shaving
cream—which is fluid—a thick liquid. Figure
10-5 shcws what would happen if you punched
four hol:s in the tube. If you press on the tube
at one yoint, the cream comes out of all four
holes. This tells you that a force applied on a
liquid is transmitted equally in every direction
to all parts of the container. Right there you
have illustrated a basic principle of hydraulic
machines,

This principle is used in the operation of
four-wheel hydraulic automobile brakes. Figure
10-6 is a simplified drawing of this brake sys-
tem. You push down on the brake pedal and
force the piston in the master cylinder against
the fluid in that cylinder. This push setsup a
pressure on the fluid just as your finger did on
the shaving cream in the tube., The pressure on
the fluid in the master cylinder is transmitted
through the lines to the brake cylinders in each
wheel. This fluid under pressure pushes against
the pistons in each of the brake cylinders and
forces the brake shoes out against the drums.

131.48
Figure 10.5,-Pressure is transmitted in
all directions.
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Figure 10-8.—Hvdraulic brakes.

Me chanical Advantage
Through Hydraulics

The next thing to understand about hydraulic
machines is the relationship hetween the force
you apply and the result vou get. Figure 10-7
will help you on this. The U-shaped tube has a
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Figure 10-7.—The liquid transmits the force.
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cross-sectionai area of one sq. inch., In each
arm there’s a piston which fits snugly, but which
can move up and down, If you place a one-pound
weight on one piston, the other will be pushed
out the top of its arm immediately. Place a one-
pound weight an each piston, however, and they
remain in their ori "~ positions, as shown in
figure 10-8.

Thus you see tha.
per sq. in. applied dc
piston exerts a pressu pound per sq. in,
upward against the left-hua . 1¢. Inother words,
not only is the force transmitted by the liguid
around the curve, buat the force is the same on
each unit area of the contalner., It makes no
difference how long the comnecting tube is, or
how many turns it makes, It is important, how-
ever, that the entire svstem be full of liquid.
Hwdraulic systems will fail to operate properly
if air is present in the lines or cylinders.

Now look at figure 10-9. The piston on the
right has an area of one sq, in., but the piston
on the left has an area of 10 sq. in, If you push
down on the smaller piston with a force of one
pound, the ligquid will transmit this pressure to
every square inch of surface in the system. Since
the left-hand piston has an area of 10 sq. in., and
eact square inch has a force of cne pound trans-
mitted to it, the total effect is to push on the
larger piston with a total force of 10 pounds.
Set a 10-pound weight on the larger piston and
it will be supported by the one-pound force of
the smaller piston.

There you have a one-pound push resulting
in a 10-pound force., That’s a mechanical ad-
vantage of ten. This is why hydraulic machines

pida ¢ of one pound

1 the right-hand

5.181
Figure 10-8, —~Pressure is the same onall parts
of an enclosed liquid,
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4,7
Figure 10-9.-A mechanical advantage of 10,

are bmportant. Here’s a formula which will help
vou o figure the forces that act in a hydraulic
machine -

1M
Fy A,
In wkich Fy =force, in pounds, applied to the

small piston,

Fy =iorce, in pounds, applied to the
large piston,

Ay =area of small piston, in square
inches,

Az =area of large piston, in square
inches.

Try out the formula on the hydraulic press
in figure 10.10, The large piston has an area of
90 sq. in. and the smaller one an area of two
sq. in. The handl. exerts a total force of 15
pounds on the small piston, With what total force
will the large piston be raised?

Write down the formula—

i s
F2 Az

Substitute the known values—

Jds _2
F, 90
and -
F2 = 90)2; L, 675 pounds.

64

Where's The Catch?

You know from your experience with levers
that you can’t get somothing for nothing. Applying
this kmowledge to the simple system in figure
10-9, vou know that you can’t get a 10-pound
forcc from a one-pound effort without sacrificing
distance. The one-pound effort will have to be
applied through a much greater distancethanthe
10-pound force will move. If you raise the 10-
pound weight through a distance of one foot,
through what distance will the one-pound effort
heve to be applied? Remember—if vou neglect
friction, the work done on any machine equals
the work done by that machine. Use the work
formula, and you can find how far the smaller
piston will have to move.

Work input = Work output

Fl X I.’i1 = F2 X D2
By substituting- 1XD, = 10X1
and— D1 = 10 feet

There's the catch. The smaller piston will
have to move through a distance of 10 feet in
order to raise the 10-pound load one foot, It
looks then as though the smaller cylinder would
have to be at least 10 feet long—and that wouldn’t
be practical. Actually, it isn’t necessary—if you
put a valve in the system.

The hydraulic press in figure 10-10 contains
a valve for just this purpose. Asthe small piston
moves down, it forces the fluid past the check
valve A into the large cylinder. As soon as you
start to move the small piston upward, the pres-
sure to the right of the check valve A is removed,
and the pressure of the fluid below the large
pistor helps the checkvalve spring force that
valve shut, The liquid which has passed through
the valve opening on the down stroke of the smail
piston is trapped in the large cylinder.

The small piston rises on the up-stroke until
its bottom passes the opening to the fluidreser-
voir. More fluid is sucked past a check valve B
and into the small cylinder. The next down-stroke
forces this new charge of fluid out of the small
cylinder past the check valve into the largecyl-
inder. This process is repeated stroke by stroke
until enough fluid has been forced into the large
cylinder to raise the large piston the required
distance of one foot, The force has been applied
through a distance of 10 feet onthe pump handle,
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Figure 10-10,-Hydraulic press.

but it was done by making a series of relatively
short strokes—the sum of all the strokes being
equal to 10 feet.

Maybe you’'re beginning to wonder how the
large piston gets back down after you’ve baled
the cotton. The fluid can’t run back past the
check valve B-that’s obvious. You lower the
piston by letting the oil flow back to the reser-
voir through a return line. Notice that a simple
gate valve is inserted in this line. When the gate
valve is opened, the fluid flows back into the
reservoir. Of course, this valve is kept shut
while the pump is in operation,

Hyvdraulics Aid the Helmsman

You've probably seen the helmsman swing a
ship weighing thousands of tens about as easily
as you turn your car. No, he’s not a superman.
He does it with machines.

Many of these machines are hydraulic. There
are several types of hydraulic and electro-
hydraulic steering mechanisms, but the simpli-
fied diagram in figure 10-11 will help you to
understand the general principles of their opera-
tion. As the hand steering wheel is turned in a
counterclockwise direction, its motion turns
the pinion gear g. This causesthelef':-hand rack
ry1 to move downward, and the right-hand rack
rg to move upward. Notice that each rack is
attached to a piston Py or P3. The downward
motion of rack ri moves piston p1 downward in
its eylinder and pushes the oil out of that cylinder
through the line. At the same time, piston pg
moves upward and pulls oil from the right-hand
line into the right-hand cylinder.
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If you fellow these two lines, you see that
they enter a hydraulic cylinder S—one line
entering above and one below the single piston
in that cylinder. In the direction of the oil flow
in the diagram, this piston and the attached
plunger are pushed down toward the hydraulic
pump h. So far, in this operation, you have used
hand power to develop enough oil pressure to
move the control plunger attached to the hy-
draulic pump. At this point an electric motor
takes over and drives the pump h.

0il is pumped under pressure to the two big
steering rams R; and Rg. You can see that the
pistons in these rams are connected directly to
the rudder crosshead which controlsthe position
of the rudder. With the pump operating in the
direction shown, the ship’s rudder is thrown to
the left, and the bow will swing to port. This
operation demonstrates how a small force ap-
plied on the steering wheel sets in motiona ser-
ies of operations which result in a force of
thousands of pounds.

Getting Planes on Deck

The swift, smooth power required to get
airplanes from the hanger deck totheflightdeck
of a carrier is supplied by a hydraulic lift.
Figure 10-12 explains how this lifting is done.
A variable-speed gear pumnp is driven by an
electric motor, Oil enters the pump from the
reservoir and is forced through the lines to four
hydraulic rams, the pistons of which raise the
elevator platform. The oil under pressure exerts
its force on each square inch of surface area of
the four pistons. Since the pistons are large, a
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Figure 10-11, -Steering is easy with this machine.

large total lifting force results. The elevator
can be lowered by reversing the pump, or by
opening valve 1 and closing valve 2. The weight
of the elevator will then force the oil out of the
eylinders and back into the reservoir.

Submarines Use Hydraulics

Here’s another application of hydraulics
which you will find interesting, Inside a sub-
marine, between the outer skin andthe pressure
hull, are several tanks of various design and
purpose, These are used to control the total
weight of the ship, allowing it to submerge or
surface, and to control the trim, or balance fore
and aft, of the submarine. The main ballast
tanks have the primary function of either de-
stroying or restoring positive buoyancy in the
submarine. By allowing air to escape through
hydraulically operated vents at the top of the
tanks, sea water is able to enter through the
flood ports at the bottom-—replacing the air that
had been holding it out. To regain positive buoy-
ancy, the tanks are ‘‘blown’’ free of sea water
with compressed air. Sufficient air is then left
trapped in the tanks to prevent the sea water
from ceentering.

Other tanks, such as the variable ballast
tanks and special ballast tanks like the negative
tank, safety tank, and bow buoyancy tank, are
used either to control trim, or stability, or for
en:ergency weight compensating purposes. The
variable ballast tanks have no direct connection
to the sea. Therefore, water must be pumped into
or out of them. The negative tank and the safety
tank, however, can be opened to the sea through
large flood valves. These valves, as well as the
vent valves for the main ballast tanks and those
for the safety and negative tanks, are all hy-
draulically operated. The vents and flood valves
are outside of the pressure hull, 50 some means
of remote control is necesgsary if they are to be
opened and closed from within the submarine.
For this purpose, hydraulic pumps, lines, and
rams are used. Oil pumped through tubing run-
ning through the pressure hull actuates the
valve’s operating mechanisms by exertingpres-
sure on and moving a piston in a hydraulic cyl-
inder. It is easier and simpler to operate the
valves by a hydraulic system from a control
room than it would be to do so by a mechanical
system of gears, shafts, and levers. The hy-
draulic lines can be readily led around corners
and obstructions, and a minimum of moving
parts is required.
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Figure 10-12, —This gets them there in a hurry.

Figure 10-13 is = schematic sketch of the
safety tank—one of the special ballast tanks ina
submarine. The main vent and the flcod valves
of this tank are operated hydraulically fromre-
mote control; although, in an emergency, they
may ke operated manually.

Hydraulics are also used in many other ways
aboard the submarine, The periscope is raised
and lowered, the submarine is steered, and the
bow and stern planes are controlled by means of
hydraulic systems. The windlass and capstan
system, used in mooring the submarine, is hy-
draulically operated, and many more applica-
tions of hydraulics can be found aboard the
submarine.

The Accumulator

In some hydraulic systems, oil is kept under
pressure in a container cakled an aceummlator.
Figure 11.14 shows vou this large cylinder, into
the top of which oil is pumped, A free piston
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divides the c¢ylinder into two parts, Compressed
air is forced in below the piston at a pressure
of, say, 600 psi. Oil is then forced in on top of
the piston. As the pressure above it increases,
the piston is forced down, and squeezes the air
into a smaller space, Air is elastic—it can be
compressed under pressure—but it will expand
as soon as the pressure is reduced, When oil
pressure is reduced, relatively large quantities
of oil under working pressure are instantly
available to operate hydraulic rams or motors
any place on the sub.

SUMMARY

The working principle of all hydraulic mech-
anisms is simple enough. Whenever you find an
application that seems a bit hard to understand,
keep these points in mind—

Hydraulics is the term applied to the be-
havior of enclosed liquids. Machines
which are operated by liquids under pres-
sure are called hydraulic machines,
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Figure 10-13,~Submarine special ballast tank {safety tank).

Liquids are incomprecsible, They cannot be
squeezed Into spacex smaller than they
originally occupied.

A force applied on any area of a confined
liquid is transmitted equallyto every part
of the liquid.

i hvdraulic cylinders, the relation between
the force exerted by the larger piston to
the force applied on the smaller pistonis
the same as the relation betweenthe area

of the larger piston and the area of the
smaller piston.

Some of the advantages of hydraulic machines
are-—

Tubing is used to transmit forces, and tubing
can readily transmit forces around cor-
ners,

Little space is required for tubing.

Few moving parts are required.

Efficiency is high, generally 80-95%.

[ovents
AND

HYDRAULIC

P
U, UNpER | FLOOD
PRESSURE |[_VALVES

PISTON

PRESSURE
ACCUMULATOR

COMPRESSED AIR

131,54
Figure 10-14.-This keeps pressure on tap,
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CHAPTER 1N

MACHINE ELEMENTS AND BASIC MECHANISMS

MACHINE ELEMENTS

Any machine, however simple, utilizes one
or more basic machine elements or mechanisms
in its makeup. In this chapter we will take a look
at some of the more familiar elements and
mechanisms used in naval machinery and equip-
ment,

BEARINGS

In chapter 7 we saw that wherever two ob-
jects rubagainst each other, friction is produced.
If the surfaces are very smooth, there will
be little friction; if either or both are rough,
there will be more friction. FRICTION is the
resistance to any force that tends to produce
motion of one surface over another. When you
are trying to start a loaded hand truck rolling,
you have to-give it a hard tug (to overcome the
resistance of static friction) to get it started,
Starting to slide the same load across the deck
would require a narder push than starting it on
rollers, Thatisbecauserollingfrictionis always
less than sliding friction. To take advantage of
this fact, rollers or bearings are used in ma-
chines to reduce friction, Lubricants onbearing
surfaces reduce the friction even further,

A bearing is a support and guide which carries
a moving part (or parts) of amachine and main-
tains the proper relationshipbetween the moving
part or parts and the stationary part. It usually
permits only one form of motion, as rotation,
and prevents any other. There are two basic
types of bearings: sliding type (plain bearings),
also called friction or guide bearings, and anti-
frictional type (roller and ball bearings).

Sliding Type (Plain) Bearings

In bearings of this type a film of lubricant
separates the moving part from the stationary
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part. There are three types of sliding motion
bearings in common use: Reciprocal motion
bearings, journal bearings, and thrustbearings.

1. RECIPROCAL MOTION BEARINGSpro-
vide a bearing surface on which an object slides
back and forth. They are found on steam recip-
rocating pumps, where connecting rods slide on
bearing surfaces near their connections to the
pistons. Similar bearings are used on the con-
necting rods of large internal-combustion en-
gines, and in many mechanisms operated by
cams.

2, JOURNAL BEARINGS are used to guide
and support revolving shafts. The shaft revolves
in a housing fitted with a liner. The inside of
the liner, on which the shaft bears, is made of
babbitt metal or similar soft alloy {(antifriction
metal) to reduce friction. The soft metal is
backed by a bronze or a copper layer, and that
has a steel back for strength. Sometimes the
bearing is made in two halves, and is clamped
or screwed around the shaft {fig. 11-1), Itis also
called a laminated sleeve bearing,

Under favorable conditions the friction in
journal bearings is remarkably small. However,
when the rubbing speed of a journal bearing is
very low or extremely high, the friction loss
may become excessive when compared with the
performance of a rolling surface bearing. Agood
example is the railroad car, now being fitied
with roller bearings to eliminate the ‘‘hot box’’
troubles of journal bearings.

Heavy-duty bearings have oil eirculated
around and through them and some have an
additional cooling system that circulates water
around the bearing. Although revolving the steel
shaft against babbitt metal producesless friction
{(and therefore less heat and wear) than steel
against steel, it is still a problem to keep the
parts cool. You know what causes a ‘‘burned out
bearing’’ on your car, and how to prevent it,
The same care and lubrication are necessary
on all Navy equipment, only more so, because
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theve s kot of equipment, and many lives depend
oy S eontinued cperation,

3. THRUST BEARINGS azre used on rotating
shafts, such as those supporting bevel gears,
warm gears, propellers, and fans, They are in-
stalied to resgist axial thrust or furee and to limit
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axial movement., They are used chiefly on heavy
machinery, such as Kingsbury thrust bearings
used in heavy marine propelling machinery {figs.
1.2 and 11-3). The buse of the housing holds
an il bath, and the rotation of the shaft con-
tinuadly distributes the oil. The bearing consists
of & thrust collar on the propeller shaft and two
or more stationary thrust shoes on either side
of the collar. Thrust iz transmitted from the
collar through the shoes to the gear housing and
the ship's structure to which the gear housing is
bolted.

¥ou have had first-hand acquaintance with
ball bearings since vou were a child, They are
what made vour roller skates or bicycle wheels
spin freely. If any of the little steel balls came
out and were lost, your roller skates screeched
and groaned. The balls or rollers are of hard,
highly polished steel. The typical bearing con-
sists of twohardened steel rings (called RACES),
the bhardened steel balls or rollers, and a
a SEPARATOR. The motion occurs between the
race surfaces and the rolling elements. There

UOWIN EEVELING
PLATE '

DPHEN LEVELBNG
PLATE "

LOWER LEVELING
MATE

38.85:.86X

Figure 11-2.--Kingsburg pivoted.-shoe thrust bearing.
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Figure 11-3...Diagrammatiz arrangement of a
Kingsburg thrust bearing, showing oil film,

are seven basic types of antifrictional bearings
{fig, 11-4),

1. Ball bearings

2, Cylindrical roller bearings

3, Tapered roller bearings

4. Self-aligning roller bearings with spher-
ical outer raceway

5. Self-aligning roller bearings with spher-
ical inner raceway

6. Ball thrust bearings

7. Needle roller bearings

Roller bearing assemblies are usually easy to
disassemble for inspection, cleaning, and re-
placement of parts. Ball bearings, however, are
assembled by the manufacturer and installed, or
replaced, as aunit. Sometimes maintenance pub-
lications refer to rolier and ball bearings as
being either thrust or radial bearings. The dif-
ference between the twg depends on the angle
of intersection between the direction of the load
and the plane of rotation of the bearing. Figure
11.54 shows a radial bail bearing assembly.
The load here is pressing outward along the
radius of the shaft. Now suppose a strong thrust
were to be exerted on the right end of the shaft,
tending to move it to the left, You can see that
the radial bearing is not designed to support this
axial thrust. Even putting a shoulder betweenthe
load and the inner race wouldn’t do, It would just

Tl

pop the bearings out of their races, The answer
is to arrange the races differently, as in figure
i1-5B, Here is a thrust bearing. With a shnulder
under the lower race, and another between the
load and the upper race, it will handle any axisl
load up to its design limit. Sometimes bearings
are designed to support both thrust and radial
loads. This is the explanation of the term
RADIAL THRUST bearings. The tapered roller
bearing in figure 11-6 is an example,
Antifriction bLearings require smaller hous-
ings than other bearings of the same load ca-
pacity, and can operate at higher speeds.

SPRINGS

Springs are elastic bodies (generally metal)
which can be twisted, pulled, or stretched by
some force, and which have the ability toreturn
to their oririnal shape when the force isrelensed.
All springs used in navol machinery are made
of metal—usually steel, though some are of
phosphor bronze, brass, or other alloys. A part
that is subject to constant spring thrustor pres-
sure iS said to be SPRING LOADED, {Some com-
ponents that appear to be spring loaded are
actually under hydraulic or pneumatic pressure,
or are moved by weights.)

Functions of Springs

Springs are used for many purpeses, andone
spring may serve more than one purpose. Listed
below are some of the more common of these
functional purposes. As you read them, try to
think of at least ome familiar applicationof each.

1. To store energy for part of a functioning
cycle.

2. To force a component to bear against, to
maintain contact with, to rnzage, to disengage, or
to remain clear of, some other component,

3. To counterbalance a weight or thrust
{gravitational, hydraulic, etc.}). Suchsprings are
usually called equilibrator springs.

4. To maintain electrical continuity.

5. To return a component to its original
position after displacement.

f. To reduce shock or impact by gradually
checking the motion of a moving weight.

7. To permit some freedom of movement be-
tween aligned components without disengaging
them. These are sometimes cailed takeup
springs,
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O SELF- ALIGNING ROLLER BEARINGS
WITH SPHERICAL DUTER RACEWAY
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F BALL THRUST BEARINGS G NEEDLE ROLLER BEARINGS
5.21
Figure 11-4.—The seven basic types of antifrictional bearings.
Types of Springs 1. FLAT springs include various forms of

elliptic or leaf springs (fig. 11-7A (1&2)}, made

As you read different books you will find that up of flat or slightly curved bars, plates, or
authors do not agree on classificationoftypesof leaves, and special flat springs (fig. 11-7A (3)).
springs. The names are not as important as the A special flat spring is made from a flat strip
types of work they can do and theloads they can or bar, into whatever shape or design is cal-
bear. We may say there are three basic types: culated tc be best suited for its position and

(1) flat; (2} spiral; (3} helical or coil. purpose,
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5.21
Figure 11-5.—Ball bearings. A. Radial type;
B, Thrust type.

2. SPIRAL springs are sometimes called
clock or power springs (11.7B), and sometimes
coil springs. A well known example is a watch
or clock spring, which is wound (tightened) and
then gradually releases the power asit unwinds,

Although there is good authority for calling
this spring by other names, to avoid confusion we
shall consistently call it SPIRAL.

3. HELICAL springs, often called spirai, but
not in this text {fig. 11-7D), are probably the
mast common type of spring. They may be used
in compression (fig. 11-7D (L)), extension or
tension (fig. 11-7D (2}, or torsion (fig. 11.7D
{3)). A spring used in compression tends to
shorten in acticnh, while a tension spring

T3

TRUNNION
BEARING
BLOCK

TRUNNION
BEARING CAP

ROLLER
BEARING

| TRUNNION
l BEARING

84,120
Figure 11-6.—Radial-thrust roller bearing.

lengthens in action. Torsion springs are made
to transmit a twist instead of a direct pull, and
operate by coiling or uncoiling action.

In addition to straight helical springs, cone,
double cone, keg, and volute springs are also
classed as helical. These are usually used in
compression, A cone spring (fig. 11-7D (4)),
often called a valve spring because it is fre-
quently used in valves, is shaped by winding the
wire on a tapered mandrel instead of a straight
one. A double cone spring (not illustrated) is
composed of two cones joined at the small ends,
and a keg spring (not illustrated) is two cone
springs joined at their large ends.

VOLUTE springs (fig. 11-7D (5)} are conical
springs made from a flat bar which is so wound
that each coil partially overlaps the adjacent one.
The width (and thickness) of the material gives
it great strength or resistance.

A conical spring can be pressed flat so it
requires little space, and it is not likely to
buckle sidewise.

4. TORSION BARS (fig. 11-7C) are straight
bars that are actedonby torsion (twisting force).
The bar may be circular or rectangular incross
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Figure 11-7.—-Types of springs.

section, or less commonly in other shapes, It
may also be a tube.

5. A special type of gpring is a RING
SPRING or DISC spring (not illustrated). It is
made of a number of metal rings or dises that
overlap each other.

BASIC MECHANISMS
THE GEAR DIFFERENTIAL

A gear differential {8 a mechanism that is
capable of adding and subtracting mechanically.
To be more precise, it adds the total revolutions

KL
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of two shafts—or subtracts the total revolutions
of one shaft irom the total revolutions of anather
shaft—and delivers the answer by positioning
a third shaft. The gear differential will add or
subtract any number of revolutions, or very
small fractions of revolutions, continuously and
accurately, It will procuce a eontinuous series
of angwers as the inputs change,

Figure 11-8 is a culaway drawing of a bevel
gear differential showing all its parts and how
thev are related to 2ach other. Grouped around
the center of the mechanism are four bevel
gears, meshed together. The two bevel gearson
either side are called ‘‘end gears,”” The two
hevel gears above and below are called ‘‘spider
gears.”” The long shaft running through the end
gears and the three spur gears is called the
< spider shaft.”” The short shaft running through
the spider gears, tngether with the spider gears
themselves, 18 called the “spider.”

INPUT GEAR

SPIDER
CROSS SHAFT

75

Each of the spider gears and the end gears
are bearing mounted on their shafts and are free
to rotate. The spider shaft is rigidly connected
witht the spider cross shaft af the center block
where they intersect, The ends of the spider
shaft are secured in flanges or hangers, but they
are bearing mounted and the shaft is free to
rotate on its axis, It follows then that to rotate
ithe b]ﬁUEl blld..l.l., the spmer, ('Un&lsuug of the
spider cross shaft and the spider gears, must
tumble, or spin, on the axis of the spider shaft,
inasmuch as thetwo shafts are rigidly connected,

The three spur gears shown in figure 11-8
are used to connect the btwo end gears and the
spider shaft to other mechanisms, They niay be
of any convenient size. Each of the two input
spur gears is attached to an end gear. An input
gear and an end gear together are calleda ‘‘side’’
of a differential, The third spur gear isthe out-
put gear, as designatedin figure 11-8, Thisis the

SPIDER GEAR

12,87

Figure i1-8. =Bevel gear diffecential.
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only gear that is pinned to the spider shaft. All of
the other gears, both bevel and spur, in the dif-
ferential are bearing mounted.
Figure 11-9 is an exploded view of a gear ¥MD GEARS
differential showing each of its individual parts,
and figure 11.10 is a schematic sketch showing
the relationship of the principle parts,

How it Works

For the present we will assume that the two
sides are the inputs and the gear on the spider
shaft is the output. Later it will be shown that
any of these three gears can be either an input

or an output. Now let’s look at figure 11-11. INPUT GEARS
In this hookup the two end gears are positioned
by the input shafts, which represent the quan- SPIOER

tities to be added or subtracted. The spider
gears do the actual adding and subtracting. They
follow the rotation of the two end gears, turning
the spider shaft a number of revolutions pro-
portional to the sum, or difference, of the revo-
lutions of the end gears.

Suppose the left side of the differential is
rotated while the other remains stationary, asin
block 2 of figure 11-11. The moving end gear wiil ;
drive the spider gears, making them roll on the SPIDER GEARS
stationary right end gear., This motion will turn
the spider in the same direction as the input
and, through the spider shaft and output gear, the
ouiput shaft. The output shaft will turn a number
of revolutions proportional to the input.

SPIDER SHAFT

OUTPUT GEAR

110.8
Figure 11-10, -.The differential. End gears and
spider arrangement,

If the right side 1s now rotated and the left
side hLeld stationary, as in blozk 3 of figure 11-
11, the same iwuing will hanpen. X both input sides
of the differeniial are turned in the samedirec-
tion at the same tir:e, the gpider will be turned
by both at once, as in block 4 of figure 11-1l.
The output will be proporiional to the sum of the
two inputs, Actually, the spider makes only half
as many revoluticns as the sum of the revolutions
of the end gears, because the spider gears are
free to roll between the end gears. To under-
stanu this better, let’s look at figure 11-12,
Here a cylindrical drinking glass isrolled along
a table top by pushing a ruler across its upper
side. The glass will roll only Lalf as far as the

131.55% ruler travels. The spider gears in the differential
Figure 11-9,~Exploded view i differential roll against the end gears in =xactlv the s.ume
gear system. way. Of course, the answer can be correcied i.,
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110.9
Fimure 11.11.~How a differential works,
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131.56
Figure 11-12..The spider makes only half as
many revoiufions,

using a 2:1 gear ratio between the gear on the
spider shaft and the gear for the output shaft.
Very often, for design purposes, this gear ratio
will be found to be different.

When the two sides of the differential move in
opposite directions, the output of the spider shaft
is proportional to the difference of tie revo-
lutions of the two inputs, This is because the
spider gears are iree to turn, and are driven in
opposite directions by the two inputs. If the two
inputs are equal and opposite, the spider gears
will turn, but there will be no movement of the
spider shaft. If the two inputs turn in opposite
directions for an unequal number of revolutions,
the gpider gears roll on the endgear that makes
the lesser number of revelutions, rotating the
spider in the direction of the isput making the
greater number of revolutions. The motion of the
spider shaft will be equal to half the difference
between the revolutions of the two inputs. A
change in the gear ratio to the output shaft can
then give us any proportional answer we wish,

We have thus far been describing a hookup
wherein the two sides are inputs and the spider
shaft the oulput, As long as it isrecognized that
the spider follows the end gears for half the
sum, or difference, of their revolutions, how.
ever, it is not necessary to always use this type
hookup. The spider shaft may be used as one
input and either of the sides used as the other.
The other side will then become the output. This
fact permits three different hookups for any given
differential, as is illustrated in figure 11-.13,
Whichever preoves the most convenient mechan-
ically may be used.

In chapter 14 of this book, the differential as
usged in the automohlle will be deseribed. This
differential is similar in principle, but, as you
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Figure 11-13.-— Any of these three hookups can be used,

will see, is somewhat differentinits mechanical
makeup. In chapter 15 vouwill be given informa-
tion on differentials as they are used in com-
puters.

LINKAGES

A linkage may consist of either oneor a com-
binatio:n of the following basic parts:

1. Rod, shaft, or plunger

2. Lever

3. Rocker arm

4, Bell crank

These parts combined are used to transmit
limited rotarv or lipear motion. To change the
direction of a riotion, cams are used with the
linkage.

Lever type linkages {fig. 11-14) zre used in
equipment which has to be opened and closed;
for instance, valves in eleciric-hydraulic sys-
tems, gates, clutches, clutch-solenoid inter-
locks, etc. Rocker arms are merely a variation,
or special use, of levers.

Bell crarnks are used primarily to transmit
motion from a link traveling in one direction
to another link whichis tobe movedin a different
direction. The bell crank is mounted on a fixed
pivot, and the two links are ccnnected at two
points in different directions from the pivot. By
properly locating the connection points, the out-
put links can be made to move in any desired
direction.

All linkages requir 2 occasional adjustments
or repair, particularly when they become worn,
To make the proper adjustments, a person must
be familiar with the basic parts which constitute

a linkage., Adjustments are normally made by
lengthening or shortening the rods and shafts
by means of a clevis or turnbuckle.

COUPLINGS

In a brcad sense, the term ‘‘coupling’’
applies to any device that holds two parts to-
gether. Line shafts which are madeup of several
shafts of different lengths may be held together
by any of several types of shaft couplings. When
shafts are very closely aligned, the sleeve
coupling, as in figure 11-15, may be used. It
consists of a metal tube slit at each end. The
slitted ends enable the clamps to fasten the sleeve
securely to the shaft ends. With the elamps tight-
ened, the shafts are held firmly together and
turn as one shaft. The sleeve coupling also
serves as a convenient device for making au-
justments between units. The weight at the
opposite end of the clamp from the screw is
merely to offset the weight of the screw and
clamp arms. By distributing the weight more
evenly, shaft vibration is reduced.

The Oldham coupling, named for its inventor,

. may be used to transmit rotary motion between

shafts which are parallel but not necessarily
always in perfect alignment,

An Oldham coupling {fig. 11-16), consists of
a pair of disks, one flat and the other hotlow,
These disks are pinned to the ends of the shafts.
A third (center) disk, with a pair of lugs pro-
jecting from each face of the disk, fits into the
slots between the two end disks and thus enables
one shaft to drive the other shaft. Acoil spring,
housed within the center and the hollowend disk,




Chapter 11-MACHINE ELEMENTS AND BASIC MECHANISMS

0° CRANK

N

LADIUSTABLE CLEVIS

INNER
CORNECTING ROD

CUT-OUT
LEYER

"

.

- LA
CUT-QUT LINK § i
\Fﬁ\l\

)

SLIDING
CLUTCH

SWITCH

Figure 11-14.—Linkages.

forces the center disk againstthe flat disk. When
the coupling is assembled on the shaft ends, a
flat lock spring is slipped into the space around
the coil spring. The ends of the flat spring are
formed so that when the flat spring is pushed
into the proper place, the ends of the spring are
pushed out and locked around the lugs. A lock
wire is passed between the holes drilled through
the projecting lugs to guard the assembly. The
coil spring compensates for any change in shaft
length. (Shaft length may vary <ue to changes in
temperature.}
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CLAMPS

12.51
Figure 11-15.=8leeve coupling.

The disks, or rings, connecting the shaits
allow a small amount of radial play, and this
allows a small amount of misalignment of the
shafts as they rotate. Oldham type couplings can
be easily connected and disconnected.

A universal joint is the answer when two
shafts nci in the same plane must be coupled,
Universal joints may have various forms. They
are used in nearly all types and classes of
machinery. An elementary umiversal joint,
sometim.s called a Hooke joint (fig, 11-17),
consists of two U-shaped yokes fastened to the
ends of the shafts to be connected. Within these
yokes is a cross-shaped part which holds the
yokes together and allows each yoke to bend,
or pivnt, one with respect to the other. With
this arrangement, one shaft can drive the other
even though the angle betweenthetwois as great
as 25” from alignment. Figure 11-18 shows a
ring and trunnion type of universal joint, Thisis
merely a slight modification of the old Hooke
join.. This type is commonly used in automobile
drive shaft systems. Two, and sometimes
three, are utilized, You will read more about
these in chapter 14 of this book. Another type of
universal joint is used where a smoocther torque
transmission is desired and less structural
strength is required. This is the Bendix-Weiss
universal joint (fig. 11-19), In this type of joint,
four large balls transmit the rotary force, with
a smaller ball as a spacer. With the Hooke type
of universal joint, a whippirg motion occurs as
the shafts rotate-~the amount of whip depending
on the degree of shaft raigalignment. The Benclix-
Weiss joint does not have this disadvintage; it
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Figure 11-16.=0ldham coupling.

transmits rotary motion with a constant angular
velocity. This type of joint is both more ex-
pensive to manufacture and of less strength than
the Hooke types, however.

The following four types of couplings are also
used extensively in naval equipment:

1. The fixed (sliding lug) coupling is non-
adjustable; however, it does allow for a small
amount of misalignment in shafting (fig. 11-20),

2. The flexible coupling (fig. 11-21}), con-
nects two shafts by means of a metal disk., Two
coupiing hubs, each splined to its respective
shaft, are bolted to the metal disk. The flexible
coupling provides a small amount of flexibility
to allow for a slight axial misalipgnment of the
shafts,

3. The adjustable (vernier) coupling pro-
vides a means of finely adjusting the relation-
ship of two interconnected rotating shafts, (fig,
11-22). By loosening a clamping bolt and turning
an adjusting worm, cne shaft may be rotated
while the other remrains stationary, When the
proper relationship is attained, the clamping
bolt is retightened, locking the shafts tcgether
agala,
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4, The adjustable flexible (vernier) coupling
(tig, 11-23) is simply a combination of the
flexible disk coupling and the adjustable (vernier)
coupling,

CAM AND CAM FOLLOWERS

A cam is a specially shaped surface, pro-
jection, or groove whose movement with respect
to a part in contact with it {camfollower) drives
the cam follower in another movement in re-
sponse. A cam may be a projection ona revolv-
ing shaft {or on a wheel) for the purpose of
changing the direction of motion from rotary
to up-and-down, or vice versa. It may be a
sliding piece or a groove to impart an eceentric
motion. Some cams do not move at all, but cause
a change of motion in the contacting part. Cams
are not ordinarily used to transmit power inthe
sense that gear trains are, They are generally
used to modify mechanical movement, the power
for which is furnished through other means. They
may control other mechanical units, or lock
together or synchronize two or more engaging
units.
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Figure 11-17..Universal joint (Hooke type). Figure 11-18.-Ring andtrunnion universa) joint.

5.34

Figure 11-19, ~-Bendix-Weiss wmiversal joint,
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84.133.3
Figure 11-20,.—Fixed coupling.

Types and Uses

Cams are of many shapes and sizes and are
widely used in machines and machine tools (fig.
11.24), Cams may be classified as:

1. Radial or plate cams

2. Cpylindrical or barrel cams

3. Pivoted beams

A similar grouping of types of camsis: Drum
or barrel cams; edge cams; face cams,

The drum or barrel ¢am has a path for the
roll or f>llower ¢ut around the outside, and im-
parts a to-and-fro motion to a slide or lever in
a plane paralleltothe axis of the cam. Sometimes
these cams are built up on a plain drum with
cam plates attached.

Piate cams are used in 5'*/38 ard 3''/50
guns to open the breechblock during counter-
recoil.
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Edge or peripheral cams, also called disc
cams, operate a mechanism in one direction
only, gravity or a spring being relied upon to
hold the cam roll in contact with the edge of the
cam. The shape of the cam may be made to suit
the action required, such as heart shape.

Face cams have a groove or roll path cut in
the face and gperate a lever or other mechanism
positively in both directions, as the roll is al-
ways guided by the sides of the slot, Such a
groove can be seen on top of the bolt of the
Browning machine gun, caliber .30, or in fire
control cams. The shape of the groove maygive
its name to the cam, as for example, constant
lead cam, square cam, run-out cam,

The toe and wiper cain shown infigure 11-24
(d) is an example of a pivoted beam,

CLUTCHES
TYPES

A clutch is a form of ccupling which is
designed to connect or disconnect a driving and
a driven member for stopping or starting the
driven part. There are two general classes of
clutches—positive clutches and friction clutches.

Positive Clutches. Positive ciutches have
teeth which interlock. The simgplest is the jaw
or claw type (fig. 11-25A)}, which is usable only
at low speeds. The spiral elaw or ratchet type
{fig. 11-25B) cannot be reversed, An example
of a clutch is seen in bicycles—it engages the
rear sprocket with *the rear wheel when the
pedals are pushed forward, and lets the rear
wheel revolve freely whenthe pedals are stopped.

Friction Clutches., The object of a friction
clutch is to connect a rotating member to one
that is stationary, to bring it up tospeed, and to
transmit power with a minimum of slippage.
Figure 11-25C shows a cone clutch commonly
used in motor trucks. They may be siigle-cone
or double-cone. Figure 11-25D shows a disc
clutch, also used in autos. A disc clutch may
also have a number of plates {multiple-disc
clutch). In a series of discs, each driven disc
is located between two driving discs. You may
have had experience with a multiple~-disc clutch
on your car. The Hele-Shaw clutchis a combined
conical-disc clutch (fig. 11-25E). The groove
permits circulation of oil, and cooling. Single-
disc clutches are frequently dry clutches (no
lubrication); multiple-disc clutches may be di'y
or wet (lubricated or run in oil),
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Figure 11-21.~Flexible coupling.
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Figure 11-22.—Adjustable (vernier} coupling.
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Figure 11.23.—Adjuatable flexible {vernier) coupling.

Magnetic clutches are a recent development
in which the iriction surfaces are brought to-
gether by magnetic force when the electricityis
turned on {fig, 11-Z53F). The induction clutch
transmits power without contact betweendriving
and driven members.

Expanding clutches or rim clutches are
named according to the way the pressure is
applied to the rimeklock, split-ring, band, or
roller. In one type of expanding clutch a power-
ful eiffect is gained by the expanding action of
right-and left-hand screws as a sliding sleeve
is moved along 2 shaft, and expands the band

B4

against the rim, The centrifugal' clutch is a
special application of a block clutch,

Coil clutches are used where heavy partsare
to be moved, as in a rolling mill, Great friction
is caused by the grip of the c»oil when it is
thrust onto a cone on the driving shaft, yet the
clutch is very sensitive to control.

Pneumatic and hydraulic clutches are used
on Diesel engines and transportation equipment,
Hydraulic couplings (fig. 11-25G), which serve
also as ¢lutches, are used inthe hydraulic A-end
of electric-hydraulic gun drives,
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Figure 11-24.—Classes and types of eams.
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CHAPTER 12

COMPLEX MACHINES

We've been studving only the more simple
machines so far. Now that we've learned about
them, let’s take a look at some complex ma-
chines. One of the first things vou should learn
is to recognize the simple machines which make
up a complex machine; for a complex machine
iz only a combination of simple machines. Inthe
examples given in this chapter, look firstforthe
simple machines. If you’ve been studying well,
vou should be able to predict what will happen
when a force is applied at a given point ina
simple machine. Make a step-by-step analysis,
and you’ll discover that complex machines are
not as complicated or mysterious as they first
appear to be.

PORTHOLE CLOSER-BLANKET
PULLER-UPPER

Take a good look at figure 12-1 and read the
directions for cperation. This machine was
invented by a guy named Oscar. Sea water enter-
ing open port is caught in kelmet (1) hung on
ruktber band. Rubber stretches and helmet is
pushed down against shaft of Australian spear
{2). Head of spear tips over box of bird seed (3)
which falls in cage (4) where parrot (3) bends
over to pick it up. Board strapped on parrot’s
back pulls on string {6} whichreleasesarrow(7)
and slams the port shut. Breeze from closing
port turns page on calendar (8) to new day.

In the meantime, water falling over water-
wheel {3) turns gears {10} which wind string (11)
on drum {12). This pulls blanket up over Oscar.
Arm {13} pulls on cord (14} and raises board
under alarm clock {15) sliding same into bucket
of water.

In case of mechanical breakdown at any point
in the system, helmet is tipped by off-center peg
(186) emptving water into funne! (17). Pipe (18)

directs water onto Elmer, whois sleeping below.

The theory is that Elmer will get up and do
something about that opes port--or about Oscar.

a7

You’ll probably agree that thisnightmareisa
complex machine. Bat, if you look carefully, you
pan see that Oscar has put together several
gimple machines to make this complicated de-
vice. He has used a couple of levers, several
blocks, a gear train, and you can even find an
inclined plane under the alarm clock.

While this gadget is nonsensical, it does call
attention to the important fact that a complex
machine is nothing more than a corabination of
two or more simple machines, conveniently ar-
ranged to do the job at hand. It makes no dif-
ference how big or complicated the machine is,
you can figure out how it works if you under-
stand the operation of the simple machinesfrom
which it is made. Just as you did with Oscar’s
Goldberg, always start at the point where the
energy is applied and follow the movement sys-
tematically, step-by-step, to the business end.

FUEL-OIL-HATCH COVER

Here’s a complex mechanism that is easy
to figure out. The hatch cover in figure 12-2
weighs a couple of hundred pounds; and the de-
vice which raises it is a complex machine. It
is complex because it consists of two simple
machines—a jackscrew and a first-class lever.

First locate the point where you apply a
force to the machine. That wrenchhandle seems
a likely spot. Remember that you can consider
this handle as if it were the spoke of a wheel.
Suppose you turn this handle in a counter-
clockwise direction. That will cause the nutn
to move upward along the threaded bolt. One
complete turn of the handle will cause the nut
to move upward a distance equal to the pitch of
the thread on the bolt. The collar ¢ follows the
nut up and permits the lever arm 1 to rise. The
other part of the lever arm L will move down-
wzrd. Since 1 is much shorter than L, the down-
ward movement of the cover will be muchgrreater
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Figure 12-1.—-A complex machine.

than the upward movement of the collar. It's
a ‘‘speed-up’’ arrangement.

The hatch cover is closed by turning the
handle counterclockwise, and is opened byturn-
ing the handle clockwise. This combination oftwo
simple machines is better mechanically than
one machine.

Here’s how to go about figuring out how a
complex machine works. Locate the point where
the energy is applied and look over the part of
the machine next in line. You s2y to yourself,
“0Oh, yeah, this is really a jackscrew'’'—or a
wheel and axte, or whateverthe machine happens
to be. ““If I turn it clockwise, then the piece
right here will move so. That’s going to cause
this arm to move to the right. And since the
arm is part of a first-class lever, the other
end will move over to here totheleft.”’ In every
case, you follow through in a similar manner
from one part to another-carefully determining
the direction and :nagnitude of the motion.

Perhaps you will want to know the size of
the force that is exerted at some point in the
machine, or perhaps the mechanical advantage
up to a point. Remember that the mechanical
advantage of a complex machine is equal to the
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product of the mechanical advantage of each
simple machine from which it is made.

Assume some numerical values for the hateh
cover in figure 12-2 and see how you can cal-
culate the mechanical advantage. For example,
allow 18 inches for thelength of the wrench from
the end of the handle tothe center of the bolt. Let
the pitch of the thread be 1/4 inch. The collar
is attached toarm 15 inches from the fulcrum,
and the center of the cover lies 18 inches from
the fulerum along arm L.,

The theoretical mechanical advantage of the
jackscrew can bhe found by using the formula=-

M.A. -_--22
P

_2X3.14X18 _ 113
- 1/4 1/4

Since jackscrews rarely havean efficiency of
better than 30 percent, you’d be wiseto multiply
this theoretical mechanical advantage by 0.30,
which gives an actual mechanical advantage of
452X 0.30 = 136 for this part of the machine.

Now figure what thelever actiondoes for you.
The theoretical mechanical advantage of alever
system can be found by dividing thelength of the
resistance arm by the length of the effort arm.

= 452

I
M.A. = 5 = 5= 0.278

1
L

Notice that the lever gives you a mechanical
advantage of less than one. Whenever the M.A.
is less than one, you know that either the speed
or the distance of motion has been magnified at
the expense of force. In thiscase, youcan afford
to sacririce force for distance.

The overall mechanical advantage of the
machine is equal to the product of the two
mechanical advantages, or 136 X 0.278 = 37.8.
This is the standard method for figuring the
M. A. of complex machines.

A WATERTIGHT DOOR

Figure 12-3 shows you a watertight door—a
complex machine that is a combination of a
wheel-and-axle and a system of levers. That
big center handie A is the point of input, which
is the place to start. If you pull the handle to
the right, point a on drive link 1 moves to the
right. That’s go ng to make point b on the same
link move to thz left. Now look at drag link 2.
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Figure 12-2.—A not-too-complex machine.

It will be maved to the left. Point a on drag
line 2 moves in the direction indicated by the
arrow. That action moves the outer—or right-
hand--end of the bellerank 3 upward, and the dog
is extended to the locking position. At the same
time drag link 4 moves downward—because it is
pivoted to the left-hand end of bell-erank 3. If
you follow the movement of link 4 you will see
that as its end a moves down, itraises th2 end b
of bellerank 3 inte the locking position.

How corie back to the end b of lever arm 2.
Its moticn is indicated oy thearrew. Endb moves
lever 6 outward and nto the locking position,
and at the same time causes arm 7 (o move
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downward. This motion c2:ses lever 8 to be
swung in a clockwise direction until it too locks.
You can see that lever arm 9 {ollows the move-
ment of 8 and thus causes the dog al the top of
the door to swing into the locked position.

Probably, at first glance, this mechanism
looked highly complicated. But it isn’t so tough
to figure out, after ail.

THE TYPEWRITER

The standard typewriter (fig. [2-4) is a good
example of basic, or stimple, machines tombined
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Figure 12-3.=[t works too.

to maxe up 2 complex machine. In the following
text and illustrations, see how many basic
machines you can identify.

CONSTRUCTION AND OPERATION

The kevboard of a typewriter containsall the
keys, bars, levers, ete., which are used when
operating the machine.

Each type kev operates a type bar with a
type head having two characters {top and bottom).
When a key is depressed, the type head is
carried up by a system of levers into the type
guide where it strikes 3 ribbon in frontof paper
cn the platen {roller} and prints one of the
characters {soldered on the type head).

The bar at the lower front position of the
keyboard is for epacing the escapement mecha-
nism. There ig a SH{FT key on each side of the
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keyboard for shifting the typebarsand segments
up and down, as necessary, in order to use
characters in the upper and lower positions on
the type heads. Other keys are for backspacing,
setting and clearing the tabulator mechanism,
margin releasing, and so forth. There is alsoa
ribbon selector leéver, and another lever for
changing direction of the ribbon. .

A typewriter carriage is positioned onorbe-
tween ratls, and rides upon sometypeof roller or
ball bearings. This carriage includes the platen
and all parts of thetypewriter which ride with it.
The energy which drives the carriage while the
machine is being operated comes from a main-
spring enclosed in a metal drum. A ratchet wheel
and pawl hold the mainspring in the position
desired for a certain amount of tension. A draw
band connects the end of the mainspring to the
right end of the carriage.

The carriage rack, through the escapement
mechanism (explained later}, controlsthe space-
bv-space movement of the carriage. The teeth of
the rack mesh with the escapement wheel pinion.
The rack and pinion are conventional spur gear
and rack assemblies. The pinion, whenturned by
movement of the carsiage rack, turnsthe escape-
ment wheel. The movement of the escapement
wheel 15 limited by the escapement rocker, which
moves forward ind backward each timme aKeyor
the space bar is depressedand released, moving
the carriage one space. Thus the escapement
rocker allows the carriage tomoveonlyonetype
space each time akeyorthe spacebar is struck.
Movement of the carriage for each type spaceis
controlled by the escapement wheel held by the
LOOSE dog of the escapement rocker. The es-
capement wheel may rotateduring regulartyping
only by the disengagement of the loose dog from
the escapement wheel. When the escapement
wheel shaft turns, it also feeds the ribbon
through the ribbon guide.

The platen holds and controlsthepaper inthe
typewriter carriage and serves asabackstop for
the typeface when it strikesthe paper. Atthe left
end of the platen thereisa ratchet, which is held
in position by a detent (shown later), until it is
moved by the carriage return lever ontheleit of
the carriage. The function of this ratchet is to
establish evenly spaced typed linesonthepaper.

In the middle of the left platenknob in figure
12.4 a variable line spacer is indicated. This
variable line gpacer ls actually a clutch between
the ratchet and the platen; it holds the platen
ratchet in a fixed, locked relation to the platen.
By pushing the variabie line spicer in with the
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left hand, the operator releases the clutchand can
then turn the FREE platen to any desired po-
siticn, forward or backward, with either hand.
The line finder mechanism on a typewriter re-
leases the ratchet detent and enables the operator
to returr the platen to an established writing

withm;-
W LI

lina
aing jlasle

the wvariahle mechanism
T he variablie mechanism.

WSAne

ESCAPEMENT MECHANISM

The escapement mechanism (fig. 12-5)istne
““heart’ of a typewriter. It controls movement of
the carriage during typing, allowing it to movea
prescribed distance for each actuation of the
escapement dogs {illustrated). The escapement
is actuated once every time a type Kkey is de-
pressed and released, or onre with each actuation
of the space bar.

An escapemeant eonsists primarily of a wheel
{with teeth on its perimeter} which works in
crnjunction with two holding dogs in a pivoted
rocker mechanism. Study the illustration. Asthe
dogs are tnoved back and iforth, the wheel teeth
contact the dogs alternately, resulting in the
rotation of the wheel in EQUAL movements or
steps.

The escapement rocker rocks forward and
backward with respect to the front of the type-
writer. This rocker containsthe loose dog (catch)
and the rigid {statiomarv} dog. As the escape-
ment rocker pivots on a pivot pin and a pivot
screw, it disengages the loose dog from an es-
capement wheel tooth and permits the escape-
ment wheel to rotaie. s the loose dog moves

ESCAFEMENT
WHEEL TOOTH

!/ LOOSE DOGC
L/ SPRING

LICSE DOG STOR
EHOULDER WUT

[ L00sE DOG

off an escapement wheel tooth, the stationary dog
moves between the teeth of the escapement
wheel, limiting the rotation of the escapement
wheel to the distance from one tooth to anuother.

When a typewriter is not in use, one tocth of
the escapement wheel rests against the LOOSE
12-5 (rear view). Tension of the carriage main-
spring creates a force on the escapement wheel
and overcomes the tension of the loose dog
spring and forces the loose dog against a stop.
When a key is depressed, or the space bar is
depressed, the upper portion of the escapement
dog body is rocked to the rear, moving the loose
dog out of the path ofthe wheel tooth. At the same
time, the rigid dog is moved into the path of the
wheel tooth and the tooth stops against the rigid
dog. When the loose dog is disengaged from an
escapement wheel tooth, the loose dog spring
pulls the loose dog to a position halfwaybetween
the next tooth and the one from which it was
disengaged.

When the escapement mechanism returns to
its normal position, the loose dog engages an
escapement wheel tooth and is forced back
against the loosedog stop by the pull of the main-
spring on the carriage. The escapement is then
completely restored and ready for the next cycle.

The sequence of mechanical action which
takes place during typing is as follows:
1. When a key is struck (depressed) with
sufficient force totype, the ribbon risesto
cover the type.

LOOSE DOG
AGAINST STOP

ESCAPEMENT
RECKER
LODSE DOG

LODSE DOG
sTOP

61.39X

Figure 12-5.—Escapement mechanism.
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2. The type printsonthe paper and the ribbon
is advanced 1/2 space by the ribbon feed
mechanism.

3. The escapement rocks, allowing the es-
capement wheel to advance 1/2 space; and
the escapement wheel pinion and carriage
feed rack allow the carriage to move 1/2
space.

4. The escapement returns to its original
position, allowing the carriage to move
1/2 space and the ribbon to advance 1/2
space.

TYPE BAR MECHANISM

The type bar mechanism carries the type

bar up to the platen when a key is depressed.

The manner in which this mechanism works is

illustrated in figure 12-6. When a type key is

depressed, it pivots and depresses a spring be-
neath {key lever fension spring). At the same
time, it pulls the bell crank forward and causes
it to pivot on the fulerum wire which passes
through its base. A wire link between the bell
crank and the type bar then pulls tnebase of the
type bar forward, causing it to pivot on the ful-
crum wire and move the tvpe bar into the type
guide (fig. 12-6}). When the fype bar goes into
the type guide, the bar pushes the universal bar
back, causing the bunter rod to trip the escape-

- ment dogs and allow the carriage to move one

- space. The segment stop ring {fig. 12-6), called

_.the WHIP, prevents the type bar from springing,

thus ensuring clear printing on the paper. When

the key is released, the key lever tension spring

{plus the weight of the type bar) forces the key

lever up, returning the type bar action mech-

anism to its REST position.

While the type bar action mechanism is

operating, the key lever andthe ribbonuniversal

bar also actuate the ribbon lift mechanism.

RIBBON DRIVE MECHANISM

The function of the ribbon drive mechanism is
to move the ribbon from one spool to another in
definite increments each time a key or the space
bar is depressed, and to raise the ribbon to the
line of type. Refer to figure 12-7 as you study
how the ribbon drive mechanism works.

When the typewriter carriage moves one
space to the left, the escapement wheel (fig.
12-7) rotates the distance of one tooth. A small
gear on the escapement wheel shaft meshes with
a small gear on the ribbon feed shaft, causing
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a sprocket and chain on the other end of the
shaft to rotate. The chain which passes over
this sprocket drives another sprocket wheel on
the right end of the ribbondrive shaft (fig. 12-7).
Two idier pulleysguidethe drive chain and main-
tain proper tension cn it.

When the drive chainturnsthelarge sprocket
wheel on the ribbon drive shaft, a smallgear on
the drive shaft meshes with a ribbon spool shaft
gear (right or left) and drives the ribbon spool
shaft. When the ribbon spool shaft revolves, it
furns a ribbon spool on top and windsthe ribbon
in small increments onto it. If the ribbon drive
shaft is shifted to the right, automatically or
manually, the right drive shaft gear meshes with
the right ribtbon spoo! shaft gear and revolvesthe
ribbon spool shaft. When the ribbon drive shaft
is shifted to the left, the gear on its left end
drives the left ribbon spool shaft and winds the
ribbon to the left.

Ribbon Drive Shaft Detent

You can change the direction of a typewriter
ribbon by shifting a reverse lever (fig. 12-7) to
the right or left. A slot in the lever limits the
amount of space the lever may be moved, and a
small spring retains it in the position to which it
is moved, Thereararmofthereverse lever fits
in a notch in the collar on the left end of the
ribbon drive shaft, and moves the shaft to the
right or left when the ribbon reverse lever is
moved.

Ribbon Reverse Mechanism

The function of the ribbon reverse mechanism
is to reverse the ribbon automatically from a
full ribbon spool to the empty ribbonspool. The
action of this mechanism ensures utilization of
the ink in the full length of the ribbon and the
same degree of brightness of color in everyline
of type. The ribbon reverse mechanism is il-
lustrated in figure 12-7.

Note the ribbon spool, ribbon reversetrigger,
ribbon reverse plunger, and the reversing cam
on the ribbon drive shaft.

The end of the ribbonisattachedtothe ribbon
spool by a catch. As long as there is one com-
plete turn of ribbon on the ribbon spool, the
ribbon reverse trigger is held in the IN position
and the trigger holds up the plunger inside the
ribbon spool shaft, so thai the lower end cof the
plunger does not come into contact with the
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Figure 12-6.—Type bar action mechanism.

reversing ¢am on the ribbon drive shaft as it
rotates.

When a ribhon spool startsitslast revolution
before becoming completely empty, the ribbon
reverse trigger which hasbeenholding the ribbon
reverse plunger up, moves QUT from the ribbon

o4

spool and releases its hold on the top of the
ribbon reverse plunger. As the ribbon reverse
plunger drops down, it moves into the path of a
reversing cam on the ribbon drive shaft, causing
the drive shaft to move laterally, thereby disen-
gaging the drive shaft gear from the ribbon spool
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shaft gear at one end and eugaging the drive
shaft gear and opposite spool shaft gear at the
other end.

As the ribbhon starts to wind onto the empty
ribbon spool, it pushesthe ribbon reverse trigger
in, causing the other end of the trigger to en-
gage the slot in the top of the ribbon reverse
plunger and raise it above the reversing camon
the ribbon drive shaft.

Ribbon Lift Mechanism

The ribbon lift mechanism lifts the ribbonto
a position in which it may be struck by the type
when its presence is required, and tolet it down
when not required {to allow reading of aline that
is being tvped}. Study illustration 12-8 as you
follow the description of the operation of this
mechanism.

When a type key is depressed, the key lever
contacts a prong, immediately beneath, whichis
connected to the ribbon universal bar (U-bar),
causing the U-bar to pivot its top forward. As
the U-bar top pivots forward it raisesthe ribbon
guide actuating lever link between the U-barand
the ribbon guide actuating lever. The ribbon
guide actuating lever is coonected to the ribbon
guide (carrier} and raises it when the key is
depressed, bringing the ribbon up in position to
be struck by the type head. A spring provides
tension to restore the ribbon guide actuating

lever.

' Note that the ribbon guide actuating lever has
2 herizontal slot inthe middte, and the horizontal
slot has anindentation initsupper surface. Then
note the ribbon guide actuating lever link shift
lever commected to the left end of the ribbon-
shift shaft. On the right end of the r~ibbon shift
- shaft is the ribbon shift detent tc which the ribbon
bichrome shift lever is connected.

When the ribbon bichrome shift lever is in
the BLACK position, the ribbon guide actuating
lever link shift lever moves to position the
ribbon puide actuating lever link at the front
end (black position} of the horizontal slo: in the
ribbon guide actuating lever. Now, when a key
is depressed, the ribbon guide actuating lever
moves the ribbon guide in position for the type
head to strike the upper (black) portion of the
ribbon. If the ribbon bichrome shift lever is
moved to the WHITE position (stencil), the ribbon
guide actuating lever link shift lever moves the
ribbon guide actuating lever link to the center
of the horizontal slot in the ribbon guide actuating
lever. When type keysaredepressed, the ribbon
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guide actuating lever link moves up and down
in the vertical slot of the ribbon guide actuating
lever without moving it, enabling the typist to
print characters directly on the stencil be 1 se
there is no ribbon in front of the ‘ype he .s.
If the ribbon bichrome shift lever is move. ‘o
the RED positicn, the ribbon guide actuating
lever link shift lever moves the ribbon guide
actuating lever link to the rear end of the slot
in the ribbon guide actuating lever. 'If typing is
done with the ribbon guide actuating lever link
in this position, the ribbon guide actuating lever
carries the ribbon guide high enough for the
type heads to strike the lower (red) portion of
the ribbon.

Hawviag three positions for setting the ribbon
lift mechanism permits efficient use of a stand-
ard two-color typewriter ribbon and allows the
typist to cut a stencil by merely moving the
ribbon bichreme shift lever to the WHITE posi-
tion.

BACKXSPACE MECHANISM

The function of the backspace mechanism is
to enable a typist to move the carriage one or
more spaces to the right whenever necessary.
This mechanism is shown in figure 12-9. When
the backspace key lever is depressed, theback-
space Key lever link causes the bell crank to
pivot and transfer the PULL to a horizontal
plane. The backspace slide is then moved to the
left at the two guide slots shown in the illustra-
tion. This action causes a backspacing pawl to
engage a tooth on the escapement wheel pinion
and turn the pinion clockwise until the pinion
pawl on tiie escapement wheel moves over one
togth on the pinion. Since the carriage rack is
engaged with the escapement wheel pinion, the
carriage is also moved back one space to the
RIGHT.

TABULATOR MECHANISM

The tabulator mechanism of a typewriter
enables the typist to movethe carriage a definite,
predetermined distance by depressing the tabu-
lator bar (fig. 12-10). Refer to this illustration
frequently as you study the manner in which the
tabulator mechanism works.

If the tabulator stops are set as shown at
left-center in figure 12-10 and the tabulztor
bar is depressed, the tabulator bar frame raises
the key set tabulator (KST) stop blade and an
arm on the KST stop blade contacts and raises




Chapter 12-COMPLEX MACHINES

RIBRAON GUIDE
ACTUATIMG LEVER
LINK SHIFT LEVER

s g PIVOT
R::r:: pz:::" | PaINT STENCIL RED
§ RIBEON GUIDE POSITION  POSITION
ACTUATING
LEVER
N S
. e}
T \&‘ L
Ire - 1
‘A ’ '
RIBBON GUIOE \'}]‘ .v
kY W
ACTUATING LEVER . \ 4
RISBON GUIDE
ACTUATING LEVER % RIBAOH SHIPT  piapon sHIFT  RIBADM SHIPT
SHAFT DETENT  DETENT SPRING

R5BAON
U-BAR FINGER

KEY LEVER

COMTACT POINTS OF
RIBBON U-BAR FINGER
AND THE KEY LEVER

RIBBON
U-BaR

RIBBOX BICHROME
SHIFT LEVER

61.42X

Figure 12-8.—Ribbon lift mechanism.

the tabulator lever actuating plate in front of
the KST frame, causing the shaft to rotate. A
short arm {shaft arm) attached to the end of
this shaft moves down and depresses the tabu-
lator lever, which pivots, and a roller on front
of the tabulator lever lifts the carriage feed

Lx|

rack out of mesh with he escapement wheel
pinion, allowing the carriage to move totheleft.

By the time the carriage feed rack is raigsed
out of mesh with the pinion, the KST stop blade
has moved up into the path of a set tabulator
stop, as shown in figure 12-10 (left-center).
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Figure 12-9.~Back spacer mechanism.

The stop prevents the carriage from moving
beyond this point.

The escapement wheel locking pawl, in con-
junction with the escapement dogs, prevents the
escapement wheel from moving out of position
while the feed rack is disengaged. When the
tabulator lever actuating plate in front of the
KST frame is raised, a yielding device on the
left end of the shaft moves against the spring
drum brake arm and presses the brakeshoes
against the side of the spring drum with enough
force to regulate the speed of the carriage.

Tabulatsr Stop Setting Mechanism

The tzbulstor stop mechanism stops the
carriage at the desired position. When the SET
key ia depressed with the carriage inany desirad
positicn, the key lever raises the stop setting
link (lower link}, shown in figure 12-11, moving
the stop setting link fupper link) down against
the stop immediately beneath it, and moves the
stop to its lower or SET position. The stop re-
mains in this position unti] it is cleared.

Tabulator Stop Clearing Mechanism

The tabulator stop clearing mechanism
enables you to clear a set tabulator stop by

depressing the TAB-CLEAR key. To clear in-
dividual stops, tabulate to the stop whichistc be
cleared and depress the tab-clear key. Thekey
lever then raises the clezring plunger, which
contacts the bottom of the stop and raises it to
the cleared or UP position.

To clear all stops which are set, move the
carriage to the extreme left. Then depress the
TAB-CLEAR key andhold it down while you move
the carriage to the extreme right. The bottoms
of the tabulator stops contact the beveledportion
of the ¢learing plunger, which raisesthemtothe
top of the plunger.

SHIFT MECHANISM

The function of the shift mechaniam {fig. 12~
12) is to raise and lower the segment and type
bars so that the typist may be able to type the
upper and lower case characters on the type
heads on a common line. When you depressa
SHIFT key, the shift mechanism moves the seg-
ment and type bars to the DOWN position. By
depressing a shift key LOCK next to the shift
key, you can retain the segment and type bara
in the down position as long as desired. The
shift ker lock lever is a simple, spring-loaded
catch. When the lock is released, the asgment
returns to ti.e rest position.
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Figure 12-12.=8hift mechanism.

lower toggle arm is secured to the segmentlock
release link shaft and the upper togglearmat the
toggle arm pivot (fig. 12-12). The upper toggle
arm is connected to an adjustment eccentric
(shift toggle stud). As the lower toggle arm
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pivots forward, thelockis released and the action
of the lower andupper togglearmspullsthe seg-
ment bracket {carrying the segment and type
bars) down until the upper stop restsagainst the
lower stop.

When a shift key lever, right or left, is re-
leased, a spring raises the shift key lever. This
reverse actionhelpsto restorethe entire mecha-
nism, but the power requiredto raise the segment
bracket is supplied by two springs, one right and
one left, which are connected between *he seg-
ment bracket and the ribbon spool shaft brackets.
When the segment bracket is in the extreme
upper position and the key shifi lever is up, the
lower toggle arm moves slightly over center
toward the rear of the machine, locking the seg-
ment bracket in the upper positicn, thus prevent-
ing it from bouncing and causing irregular print-
ing on the line.

BELL RINGER MECHANISM

The bell ringer mechanism rings a bell to
indicate that the carriage is approaching the
tabular stop set for the right margin. Refer to
figure 12-13 as you study this mechanism.

As the typewriter carriage moves totheleft,
" the bell trip pawl onthe right margin stop maoves
- the bell hammer lever and the hammer away from
. the bell. When the bell trippawl moves past the
cam portion of the bell kammer lever, the bell

RIGHT MARGIN
STOP

BELL TRIP

bammer lever is released, allawing the hammer
to strike the bell under spring tension.

LINE LOCK MECHANISM

The margin stops arrest the movement of the
carriage to the right or left. The line lock,
actuated by the margin stop, 1ncks the universal
bar to prevent type keys from overtyping on the
last letter when the carriage is stopped. The
line lock lever alsolocksthe escapement inpogi-
tion to prevent operation of the space bar while
the line is locked, and to prevent overspacing
when the margin release key is depressed.

When the carriage movestotheleft, the mar-
gin stop contacts the margin release rod arm
(center}. See figure 12-14. As the margin re-
lease rod moves to the left, the margin release
rad arm (right) on its right extremity contacts
the line lock actuating lever and moves it to the
left. The line lock actuating lever then pivots
at the pivot point (fig. 12~-14)} and pulls the line
lock lever comb link connected to the link lock
lever to the right, causing the line lock lever
to position itself behind the bunter piate and
around the bunter rod.

H a key is depressed when the line lock mech-
anism is in this position, the type bar is pre-
vented from making an impression on the paper
by the universal barbunter plate being stopped by
the link lock lever adjusting screw. Becausethe

PORTION OF
BELL HAMMER
LEVER

PAYL

61.47X

Figure 12-13.—Bell ringer mechanism.
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Figure 12-14.—Line lock mechanism.

U-bar cannot move the bunter rod rearwards,
this action also prevents the escapement from
tripping. If the space bar is depressed with the
Iine lock mechanism in this position, the line
lock lever prevents actuation of the escapement
by its contact with the bunter rod.

With the link lock mechanism in the position
just explained, no ‘more typing can be done on
this line until the MARGIN-RELEASE key is
depressed, causing the margin release rod to
rotate and move the margin release rod arm
fastened to it down below the margin stop. Study
the illustration. The margin release rod then
moves to the right and allows thelinelock lever
actuating lever to move to the right under spring
tension, freeing the line lock lever irom the
bunter roc and the U-bar bunter plate.

LINE SFACE MECHANISM
A typewriter line space mechanism ensures

the same amount of space between lines of type
when the adjuster is set for a definite distance.
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The mamer in which this mechaniam works is
illustrated in figure 12-15.

There are three positions to which the line
space adjuster of a typewriter may be set. The
action of the line space pawl onthe platen ratchet
for all three positions is shown in figure 12-15.
Study it carefully. The ratchet wheel in the il-
lugiration has 30 teeth (6 lines per inch).

When the line space lever is moved to the
RIGHT, theline space pawl contactsatoothon the
platen ratchet and moves it rearwardstheamount
of space set (position 1, 2, or 3). After the
ratchet is moved back to one of the three posi-
tions, adetent roller {fig. 12-15) which is engaged
with the platen ratchet holds it in place.

PINION 5TOF SLiDE MECHANISM

The purpose of the pinion stop slide mecha-
nism is to prevent overbanking at the left mar-
gin when the carriage is returned with excesaive
force or speed, and alsoto prevent underbanking
when it is returned with little force. The pinion
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Figure 12-19.—Line space mechanism.

stop slide (fig. 12-16} maintains the pinion in a
fixed position as the carriage is banked. Any
yielding of the carriage as a result of excessive
force or speed when it banks iscompensated for
by the spring-loaded carriage feed rack.

AsS the carriage moves throughthelast space
just before banking, theleft margin stop contaets
the pinion stop slide actuating slide and moves it
to the right until it contactsand stops against the
margin release rod arm. By meansofthe pinion
stop slide intermediate lever, the pinion stop
slide is moved to the left and the edge of the lip
moves into the teeth of the escapement wheel
pinion and prevents the pinion from turning. U
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the carriage yields enough to equal one space,
the yielding device and yield spring on the car-
riage feed rack {fig. 12-10} yieldsand allowsthe
rack to remain at a correctly fixed relation with
the pinion while the carriage continues until its
momentum is expended.

SUMMARY

The operation of complex machines will be
much easier for voutounderstand if you will keep
in mind the following points:

A complex rmachine is nothing more thana
combination of two or more simple machines.
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-follow the actionthrough step-by~step—carefully
- determining the DIRECTION and MAGNITUDE of
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n stop slide mechanism.

When a machine givesa mechanical advantage
of MORE THAN ONE, it multipliesthe FORCE of
the applied energy. When it gives a mechanical
advantage of LESS THAN ONE, it multipliesboth
the DISTANCE and the SPEED of the applied
movement,

More examples of complex machines will be
given in the following chaptersof thisbook. None
of them should be too difficult for you to under-
stand if vou analyze each of them carefully by
the metheds described in the foregoing.
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CHAPTER I3

INTERNAL COMBUSTION ENGINE

The automobile is a familiar object to all of
us; and the engine that miakes it go is one of the
moast fascinating and talked about of all the
complex machines we use today. In this chap-
ter we will explain briefly some of the vpera-
tional principles of this machine, and thenbreak
it down to its more basic mechanisms. Inits
makeup you will find many of the devices and
b sic mechanisms that you have studied earlier
in this book, Lock for these and the simple
machines that make up the engine as you study
its opération and construction.

COMBUSTION ENGINE

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

Combustion is the act of burning. Internal
means inside or enclosed. Thus an internal
combustion engine is one in which the fuelburns
inside; that is, burning takes place within the
same cylinder that produces energy to turn the
crankshaft. In extermal combustion engines,
such as stezm engines, the combustion takes
place cutside the ergine. Figure 13-1 shows, in
simplified form, an external and an internal
combustion engine.

The external combustion engine requires a
boiler to which heat is applied. This combustion
causes water to boil 1o produce steam. The
steam passes into the engine cylinder under
pressure and forces the piston to move down-
ward., With the internai combustion engine, the
combustion takes place inside the cylinder and
is directly responsible for forcing the piston to
move downward.

The transformation of heat energy to me-
chanical enrergy by the engine is based on a
fundamental law of phvsics which statesthatgas
will expand upon application of heat. The law

also states that when a gas is compressed the
temperature of the gas will increase. Ilfthe gas
is confined with no outlet for expansion, then
the pressure of the gas will be increased when
heat is applied (as it is in an automotive cylin-
der}. In an engine, this pressure acts against
the head of a piston, causing it to move down-
ward.

" As you know, the piston moves up and down
in the cylinder. The up-and-down motion is
known as reciprocating motion. This recipro-
cating motion (straight line motion) must be
changed to rotary motion (turning motion} in
order to turn the wheels of a vehicle. A crank
and a connecting rod change this reciproeating
motion to rotary mation.

All internal combustion engines, whether
gasoline or diesel, are basically the same. We
can best demonstrate this by saying they all
rely on three things—air, fuel, and ignition.

Fuel contains potential energy for operating
the engine; air contains the oXygen necessary
for combustion; and ignition starts combustion.
All are fundamental, and the engine will not
operate without any one of them. Any discus-
sion of engines must be based on these three
factors and the steps and mechanisms involved
in delivering them to the combustion chamber
at the proper time.

DEVELOPMENT OF POWER

The power of an internal combustion engine
comes from the burning of a mixture of fuel
and air in a small, enclosed space. When this
mixture burns it expands greatly, and the push
or pressure created is used to move the piston,
thereby cranking the engine. This movement is
eventually sent back to the wheels to drive the
vehicle.

Since similar action occurs in all cylinders
of an engine, let’s use one cylinder in our de-
velopment of power. The one«cylinder engine
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Figure {3-1.—Simple external and internal combustion engine.

¢onsists of four basic parts as shown in figure
13.2.

First we must have z cylinder which is
: closed at one end; this cylinder is similar to a
- tall metal can.
5 Inside the cylinder is the piston, a movable
. metal plug, which fits snugly into the cylinder,
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Figure 13.2.~Cylinder, piston, connecting rod, and cfankshaﬁ for a one-cylinder engine.
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but can still slide up and dowm easily. This up-
and-down movement, produced by the burning of
fuel in the cylinder, results in the production of
power from the engine.

You have already learned that the up-and-
down movement is called reciprocating motion.
This motion must be changed to rotary motion
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s0 the wheels or tracks of vehicles eanbe made
to potate. This change is acconiplished by a
crank ou the crankshaft and a connecting rod
which connects between the piston and the crank.

The cramkshaft is a2 shaft with an offset
portion, the crank, which describes a circle as
the shaft ratates. The top end of the comecting
rod is coanected to the piston and must there-
fore go up and down. The lower end of the con-
necting rod is attached to the crankshaft. The
lower end of the connecting rod also moves up
and down but, hecaure it isattached to the crank-
shaft, it must also move in a circle with the
crank.

When the piston of the engine slides down-
ward because of the pressure of the expanding
gases in the criinder, the upper end of the con-
necting rod moves downward with the piston, in
a straight lime. The lower end ofthe comnecting
red moves down and im 2 circular motion at the
same fime. This moves the crank and in turn
the crank rotates the shaft; this rotation is the
desired resuit. So remember, the c¢rankshaft
and eonnecting rod combination is a3 mechanism
for the purpose of changing straightline, up-and-
down motion ta circular, or rotary motion.

BASIC ENGINE STROKES

Ezaeh mavement of the piston from top to
bottam or from battom to tap is calleda stroke.
The piston takes two strokes {an upstroke and a
downstroke) as the crarkshaft makes one come-
plete revolution. When the piston is at the top
of a stroke, it is said to be at top dead center
{TDC). When the piston is at the bhottom of a
stroke, :t is said to be at bottom dead center
(BDC). These positions are called rock posi-
tions and will be discussed further in this chap-
ter under ““Timing.”” See figure 13-3 and fig-
ure 13-7.

The basic engine you have studied so farhas
had no provisions for getting the fuel-air mix-
ture into the cylinder or burned gases outof the
cylinder. There are two openings in the en-
closed end of a cylinder. One of the openings,
or ports, permits the mixture of air and fuel to
enter and the other port permitstheburnedgases
to escape from the cylinder. The two ports
have valves assembled in them, These valves,
actuated by the camshaft, close off either one
or the other of the ports, or both of them, dur-
ing varicus stages of engine operation. One of
the valves, called the intake valve, opens to ad-
mit a mixture of fuel and air into the cylinder.

The other valve, called the exhaust valve, opens
to allow the escape of burned gases after the
fuel-and-air mixture has burned. Later on you
will learn more about how these valves and their
mechanisms opetite,

The foflowing poragraphs give a simplified
eapfanation of the acticn that takes place within
the engine cvlinder. This action may bedivided
into four parts: the intake stroke, the com-
pression stroke, the power stroke, and the ex-
haust stroke. Since these strokes are easy to
identify in the cperation of a four-cycle engine,
that engine is used in the description. This type
of engine is also called a four-stroke-Otto-
cvcle engine, because it was Dr. N, A, Otto who,
in 1876, first applied the principle of this en-
gine,

INTAKE STROKE

The first stroke in the sequence is called
the intake stroke (fig. 13-4). During this stroke,
the piston is moving downward and the intake
valve is open. This downward movement of the
piston produces a partial vacuum in the e¢ylin-
der, and air and fuel rush into the eylinder past
the open intake valve. This is somewhat the
same effect as when you drink through a straw.
A partial vacuum is produced in the mouth and
the liquid moves up through the straw to fill the
vacuum.

COMPRESSION STROKE

When the piston reaches bottom dead center
at the end of the intake stroke and is therefore
at the bottom of the cylinder, the intake valve
closes. This seals the upper end of the cylin-
der. As the crankshaft continues to rotate, it
pushes up, through the connecting rod, on the
piston. The piston is therefore pushed upward
and compresses the combustible mixture in the
cylinder; this is called the compression stroke
{fiz. 13-4). In gasoline engines, the mixturs is
compressed to about one-eighth of its original
volume. {In a diesel engine the mixture may be
compressed to as little as one-sixteenth of its
original volume:) This compression of the air-
fuel mixture increases the pressure within the
cylinder. Compressing the mixture in this way
makes it still more combustible; not only does
the pressure in the cylinder go up, but the tem-
perature of the mixture also increases.
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NRETON

CONNECTING ROD.

POWER STROKE

As the piston reaches top dead center at the
end of the compression stroke and thereforehas
moved to the top of the cylinder, the compressed
fuel-air mixture is ignited. The ignition sys-
tem causes an electric spark to occur suddenly
in the cylinder, and the spark sets fire to the
fuel-air mixture. In burning, the mixture gets
very hot and tries to expand in all directions.
The pressure rises to about 600 or 700 pounds
per square inch. Since the piston is the only
thing that can move, the force produced by the
expanding gases forces the piston down. This
force, or thrust, is carried thirough the con-
necting rod to the crankpin on the crankshaft.
The crankshaft is given a powerful twist. This
is called the power stroke (fig. 13-4). This
turning effort, rapidly repeated in the engine
and carried through gears and shafts, will turn

~
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Figure 13-3.—-Relationship of piston, conmnecting rod, and crank on crankshaft as crankshaft
turns one revolution.

the wheels of a vehicle and cause it to move
along the highway.

EXHAUST STROKE

After the ifuel-air mixture has burned, it
must be cleared from the cylinder. This is
done by opening the exhaust valve just as the
power stroke is finished and the piston starts
back up on the exhaust stroke (fig. 13-4). The
piston forces the burned gases out of the cylin-
der past the open exhaust valve., The four
strokes (intake, compression, power, and ex-
haust) are contimuously repeated as the engine
runs.

ENGINE CYCLES

Now, with the basic knowledge you have of
the parts and the four strokes of the engine, let
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Figure 13-4.—Four-stroke cycle in a gascline engine.
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us see what happens during the actual running of
the engine. To produce sustained powet, anen-
gine must accomplish a definite series of op-
eratiocng over and over again. All youhave to do
is follow ome series of events—intake, com-
pression, power, and exhaust--untik they repeat
themselves., This one series of events iscalled
a cycle.

Most engines of today are called four-cvele
engines. What is meant is four-stroke-cycle,
but gur habit of abbreviating has eliminated the
middle word. Just the same, whenyou see four-
cycle it means there are four strokes of the
pisten, twoe up and twodown, toeachecycle. Then
it starts over again onh anothercvcle of the same
four strokes.

. PISTON
INTAKE PORT e EXHAUST PORT
»
». g INLET
e CRANKCASE

TWQO-CYCLE ENGINE

In the two-cycle engine, the entire cycle of
events (intake, compression, power, and ex-
haust) takes place in two piston strokes.

A two-cyele engine is shown in figure 13-35.
Every cother stroke in this engine is a power
stroke. Each time the piston moves down it is
on the power stroke. Intake, compression,
power, and exhaust still take place, but theyare
contpleted in just two strokes. In figure 13-5
the intake and exhaust ports are cut into the
cylinder wall instead of being placed at the top
of the cembustion chamber as in the four-cycle
engine. As the piston moves down on its power
stroke, it first uncovers the exhaust port to let

Figure 13-5,~Events in a two-cyele, internal combustion engine.
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burned gases escape ind then uncovers the in-
take port to allew a new fuel-air mixture to
enter the combustion chamber. Then, on the
upward stroke, the pisten covers bothportsand,
at the same titze, compresses the new mixture
in preparation for ignition and another power
stroke.

In the engine shown in figure 13-5 the piston
is shaped so that the incoming fuel-air mixture
is directed upward, thereby sweeping cut ahead
of it the burned exhaust gases. Also, there is an
inlet into the erankcase through which the fuel-
air mixture passes before it enters the eylin-
der. This inlet is opened as the piston moves
upward, but it is sealed off as the piston moves
downward on the power stroke. The downward
moving piston slightly compresses the mixture
in the crankcase, thus giving the mixture enough
pressure (o pass rapidiv through the intake port
as the pistom clears this port. This improves
the sweeping-ocul, ar scavenging, effect of the
mixture as it enters and clearstheburnedgases
from the cylinder through the exhaust port.

FOUR-CYCLE vs TWO-CYCLE ENGINES

You have probably noted that the two-cycle
engine produces 3 power stroke every crank-
shaft revolution; the four-cycle engine requires
two crankshaft revolutions for each power
stroke. 0t might appear then that the two-cycle
could produce twice as much power as the four-
cycle of the same size, operating at the same
speed. However, this is not true. With the twc-
cycle engine some of the power is used to drive
the blower that forces the air-fuel chzrge into
the cylinder under pressure. Also, the burned
gases are not completely cleared from the cyl-
inder. Additionally, because of the much shorter
period the imtake port is open (as compared to
the pericd the imntake valve in a four-stroke-
eycle is open}, 2 relatively smaller amount of
fuel-air mixture is admitted. Hence, with less
fuel-air mixture, less power per power stroke
is produced as compared to the power produced
in a four-stroke cycle engine of like size oper-
ating at the same speed and with other condi-
tions being the same. To increase the amount
of fuel-air mixture, auxiliary devices are used
with the two-stroke engine to ensure delivery of
greater amounts of fuel-air mixture into the
cylinder.

MULTIPLE-CYLINDER ENGINES

The discussion so far in this chapter has
coficerted a single-cylinder engine. A single
cylinder provides only one power impulse every
two crankshaft revolutions in a four-cycle en-
gine and is delivering power only one-fourth of
the time. To provide for a more continuous
flow of power, modern engines use four, six,
eight, or more cylinders. The same series of
cvcles take place in each cylinder.

In a four-siroke cycle six-cylinder engine,
for example, the cranks on the crankshaft are
set 120 degrees apart, the cranks for cylinders
1 and 6, 2 and 5, and 3 and 4 being in line with
each other (fig, 13-6). The cylinders fire or
deliver the power strokes in the following or-
der: 1-5-3-6-2-4. Thus the power strokesfol-
low each other so closely that there is a fairly
continuous and even delivery of power to the
crankshaft.

TIMING

In a gasoline engine, the valves must open
and close at the proper times wi'i: resard to
piston position and stroke. In addition, the
ignition system must produce the sparks at the
proper time so that the power strokes can
start. Both valve and ignition system action
must be properly timed if good engine per-
formance is to be obtained.

Valve timing refers to the exact times inthe
engine cycle at which the valves trap the mix-
ture and then allow the burned gases to escape.
The valves must open and close so that they
are constantly in step with the piston movement
of the cylinder which they control. Thepogition
of the valves is determined by the camshaft; the
position of the piston is determined by the
erankshaft. Correct valve timing is obtained by
providing the proper relationship between the
camshaft and the crankshaft.

When the piston is at TDC the crankshaft
can move 15° to 20° without causing the piston
to move up and down any noticeable distance.
This is one of the two rock positions (fig, 13-7).
When the piston moves up on the exhaust stroke,
considerable momentum is given to the exhaust
gases as they pass out through the exhaust valve
port, but if the exhaust valve closes at TDC, a
small amount of the gases will be trapped and
will dilute the incoming fuel-air mixture when
the intake valves open. Since the piston bas
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Figure 13-6..~Crankshaft for a six-cylinder engine.
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Figure 13-7.~Rock position.
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little downward movement while in the rock po-
sition, the exhaust valve can remain open dur-
ing this period and thereby permit a more
complete scavenging of the exhaust gases.

Ignition timing refers to the timing of the
spark at the spark plug gap with relation to the
piston position during the compression and
power strokes. The ignition system is timed
so that the spark occurs before the piston
reaches TDC on the compression stroke. This
gives the mixture enough time toignite and stari
burning. If this time were not provided, that is,
if the spark occurred at or after TDC, then the
pressure increase would not keep pace with the
piston movement.

At higher speeds, there is still less time for
the fuel-air mixture to ignite and burn. In or-
der to compensate for this, and thereby avoid
power losg, the ignition system includes an ad-
vance mechanism that functions on speed.

CLASSIFICATION OF ENGINES

Engines for automotive and construetion
equipment may be classified in a number of
ways: type of fuel used; type of cooling em-
ployed; or wvalve and cylinder arrangement.
They all operate on the internal combustion
principle, and the application ofbasic principles
of construction to partlcular needs or systems
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of mamifacture has caused certain designs tobe
recoghized as conventional.

The mast common method of elassification
is by the type of fue] used; that is, whether the
engine burns gasvline or diesel fuel.

GASQLINE ENGINES V5 DIESEL
ENGINES

Mechanically and in overall appearance,
gasoline and diesel engines resemble one an-
other. However, in the diesel engine, many
parts are somewhat heavier and stronger, so
that they can withstand the higher temperatures
and pressures the engine generates. The en-
gines differ aiso in the fuel used, in the method
of intreducing it into the cylinders, and in how
the air-fuel mixture is ignited. In the gasoline
engine, air and fuel first are mixed together in
the carburetor. After this mixture is com-
pressed in the cylinders, it is ignited by an
electrical spark from the spark plugs. The
source of the energy producing the electrical
spark may be a storage battery or a high-
tension magneto.

The diesel engine has no carburetor. Air
alone enters its cyvlinders, where it is com-
pressed and reaches high temperature due to
compression. The heat of compression ignites
the fuel injected into the cvlinder and causes
the fuel-air mixture to burn. The diesel engine
needs no spark plugs: the very contact of the
diesel fuel with the hot air in the cylinders
causes ignition. [n the gasoline engine the heat
from compression is not enough to ignite the
air-fuel mixture, therefore spark piugs are
necessary.

ARRANGEMENT OF CYLINDERS

Engines are classified also according to the
arrangement of the cylinders: inline, with all
cylinders cast in a straight line 2zbove the crank-
shaft, as in most trucks; and V-type with two
barks of cylinders mounted in a ““V’’ shape
above the crankshaft, as in many passenger
vehicles. Anocther not-so-commonarrangement
is the horizontally opposed engine whose cylin-
ders are mounted in twe side rows, each oppo-
site a central crankshaft. Buses often are
equipped with this type of engine.

The cylinders are numbered. The cylinder
nearest the front of an in-line engine is No. 1.
The others are mumbered 2, 3, 4, ete., from

front ‘v rear. Ih V-type engitnes the numbering
sequence varies with the manufacturer.

The firing order {which is different fromthe
numbering order) of the cylinders is usually
stamped on the cylinder block or on the manu-
facturer’s nameplate.

VALVE ARRANGEMENT

The majority of internal combustion engines
alse are classified according to the position
and arrangement of the intake and cxhaust
valves-~that is, whether the valves are in the
cylinder block or in the cylinder head. Various
arrangements have been used, tTut the most
common are L-head, I-head, and F-head (fig.
13-8). The letter designation is used because
the shape of the combustion chamber resembles
the form of the letter identifying it.

L-Head

In the L-head engines both valves areplaced
in the block on the same side of the cylinder.
The valve-operating mechanism is located di-
rectly below the valves, and one camshaft ac~
tuates both the intake and exhaust valves.

I-Head

Engines using the I-head construction are
commonly called valve-in-head or over-head
valve engines, because the valves are mounted
in a cylinder head above the cylinder. This ar-
rangement requires a tappet, a push rod, and a
rocker arm above the cylinder to reverse the
direction of valve movement, but only one cam-
shaft is required for both valves. Some over-
head valve engines make use of an overhead
camshaft. This arrangement eliminates the
long linkage between the camshaft and valve.

F-Head

In the F-head engine, the intake valves
normally are located in the head, while the ex-
haust valves are located in the engine block.
This arrangement combines, in effect, the L-
head and the I-head valve arrangements. The
valves in the head are actuated from the cam-
shaft through tappets, push rods, and rocker
arms (I-head arrangement), while the valves in
the block are actuated directly from the came
ghaft by tappets (L-bead arrangement).
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ENGINE CONSTRUCTION

Basic engine construction varies little, re-
gardless of size and design of the engine. The
intended use of an engine must be considered
before the design and size can be determined.
.The temperature at which an engine will oper-
ate has a great deal to do withdetermining what
‘metals must be used in its construction.
<~ To simplify the service parts problem inthe
. field, and also to simplify servicing proce-
- dures, the present trend in engine construction
..and design is toward what is called engine
©.families. There must, of necessity, be many
. different kinds of engines because there are
many kinds of jobs to be done. However, the
service and service parts problem can be
simplified by designirg engines so that they are
closely related in cylinder size, valve arrange-
meni, etc. As an example, the GM series 71
engines can be obtained in 2, 3, 4, and 6 cylin-
ders; but they are so designed that the same
pistons, connecting rods, bearings, valve oper-
ating mechanisms and valves can be used in all
4 engines. '

Engine construction, in this chapter, will be
broken down into two categories: stationary
paris and moving parts.

{-HEAD

2
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g
%

3
\

LA A A AT AT P
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Figure 13-8.—-1.-, I-, and F-valve arrangement.

STATIONARY PARTS

The stationary parts of an engine include
the cylinder block, cylinders, cylinder head or
heads, crankcase, and the exhaust and intake
manifolds. These parts furnish the framework
of the engine, All movable parts are attached
to or fitted into this framework.

Engine Cylinder Block

The engine cylinder block is the basic frame
of a liquid-cooled engine, whether it be in-line,
horizontally-opposed, or V-type. The cylinder
block and crankcase are often cast in one piece
which is the heaviest single piece of metal in
the engine. (See fig. 13-8). In small engines,
where weight is an important consideration, the
crankcase may be cast separately. In most
large diesel engines, such as those used in
power plants, the crankcase is cast separately
and is attached to a heavy stationary engine
base.

In practically all automotive and construc-
tion equipment, however, the cylinder block and
crankcase are cast in one piece. In this course
we are concerned primarily with liquid-cooled
engines, of this type.
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The cylinders of a liguidecooled engine are
surrounded by jackeis tkrough which the cooling
ligquid circulates., These jackets are cast inte-
grally with the cylinder block. Communicating
passages permit the coolant to circulate around
the cylinders and through the head.

The air-cooled engine cylinder differs from
that of a liquid-cooled engine in that the cylin-
ders are made individuzally, rather than cast in
block. The cylinders of air-cooled engineshave
closely spaced fins surrounding thebarrel; these
fins provide a greatly increased surface area
from which heat can be dissipated. This is in
concrast to the liguid-cooled enzine, whichhasa
water jacket around its cylinders.

Cvlinder Block Construction

The eviinder biock is cast from gray ironor
fron alioved with other metals such as nickel,
chronsium, or molyvbdenum. Some light weight
_engine blocks are made from aluminun:.

Cylinders are machined by grinding, and/or
boring, to give them the desired true inner sur-
face. During normal engine operation, cylinder
-walls will wear out-of-round, or they may be-
come cracked and scored if not properly lubri-
“cated or cooled. Liners {sleeves)made of metal
‘alloys resistant to wear, are used in manygaso-
‘line engines and practically ali diesel engines
o lessen wear. After they have been worn he-
-yond the maximum oversize, the liners can by
“replaced individually permitting the use of stand-
‘ard pistons and rings. Thus you can avoid re-
“placing the entire cvlinder block. -

The linersare inserted into a hole in the block
with either a PRESS FIT or aSLIPFIT. Liners
.. are further designated as WET TYPE or DRY
- TYPE, The wet type line comes in direct con-
tact with the coolant and is sealed at the top by
the use of a metallic sealing ring and at the
bottom by a rubber sealing ring; the dry type
liner does not contact the coolant.

Engine blocks for L-head enginescontainthe
passageways for the valves and valveports. The
lower part of the block {erankcase) supports the
crankshaft (with mainbearingsandbearing caps)
and also provides a place for fastening the oil
pan.

The camshaft is supported in the cylinder
block by bushings that fit into machined holesin
the block. On L-head in-line engines, the intake
and exhaust manifolds are attached tothe side of
the eylinder block. On L-head V-8B engines, the
intake manifold is located between thetwobanks

of cyvlinders. In this engine, there are two ex-

haust manifolds, one

n the ouiside of eachbank,
Cylinder Head

The ¢ylinder head provides the combustion
chambers for the engine eylinders. It ishuilt to
conform to the arrangement of the valves: L-
head, I-head, or other.

In the water-cooled engine the cylinder head
{fig. 13-10} is bolted to the top of the cylinder
block to close the upper end of the ¢ylinders. It
containg passages, matching those of the cylinder
block, which allow the cooling water to circulate
in the head. Theheadalsohelps retain compres-
sion inthe cylinders. Inthe gasoline engine there
are tapped holes in the eylinder head which lead
intc the combustion chamber. The spark plugs
are inserted into these tapped holes.

In the diesel engine the cylinder head may be
cast in a single unit, or may be cast for a single
cylinder or two or more cylinders. Separated
head sections (usually covering 1, 2, or 3
cylinders in large engines) are easy to handle
and can be readily removed.

The L-hcad type of cylinder head shown in
ficure 13-10 is a comparatively simple casting.
It contains water jackets for cooling, and apen-
ings for spark plugs. Pockets into which the
valves operate are also provided. Each pocket
serves as apartofthe combustionchamber. The
fuel-air mixture is compressed in the pocket
as the piston reaches the end of the compression
stroke. Note thatthepocketshavea rather com-
plex curved surface. This shape hasbeenc-re-
fully designed so that the fuel-air mixture, in
being compressed, will be subjected to violent
turbulence. This turbulence assures uniform
mixing of the fuel and air, thus improving the
combustion process,

The l-head (overhead-valve) type of eylinder
head contains not only water jackets for cooling
spark-plug opznings, and valve and combustion-
chamber pockets, but it ziso contains and sup-
ports the valves and valve-operating mecha-
nisms. In this type of cylinder head, the water
jackets must be large enough to ccol not only
the top of the combustion chamber but also the
valve seats, valves, and valve-operating mecha-
nisms.

Crankcase

The crinkcase is that part ofthe engine block
below the cylinders. It supportsand enclosesthe
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Figure 13.10.-~Cylinder head for L-head engine.

erankshaft and »rovides a reservoir for the
lubricating oil. Oftentimesthereareplacespro-
.¥ided on the crankcase for the mounting of the
-0il pump, oil filter, starting motor, andthegen-
--erator, The lower part of the crankease is the
OIL PAN, which is bolted at thebottom. The oil

. 'pan is made of pressed or cast steel and holds

from 4 to 9 quartsofoil, depending on the engine
design.

The crankcase ajeo has mounting brackets
which support the entire emgine on the vehicle
Irame. These brackets are either an integral
part of the crankcase or are bolted to it in such
a way that they support the engine at 3 or 4
points. These poinis of contact usually are
cushioned with rubber, which insulatesthe frame
and Gody of the vehicle from engine vibrationand
therefore prevents damage to the engine supports
and the transmigsion.

Exhaust Manifold

The exhaust manifold is esgentially a tubethat
carries waste products of combustion from the
cylinders. On L-head engines the exhaust man-
ifold is bolted to the side of the engine block; on
overhead-valve engines it is bolted tothe side of
the engine cylinder head. Exhaust manifolds
may be single iron castings or may be cast in
sections. They have a smooth interior surface
with no abrupt changes in size, (Seefig. 13-11.)

Intake Manifold

The intake manifold on a gasoline engine
carries the fuel-air mixture fromthe carburetor
and distributes it as evenly as possible to the
cylinders. On a diesel engine the inanifold
carries only air to the cylinders. The intake
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INTAKE MANIFOLD

manifold is attached {0 the block on L-head en-
gines and to the side of the cylinder head on
“‘overhead-valve engines. {See fig. 13-11.)

In gasoline engines, smooth and efficient
engine performance depends largely on whether
;or not the fuel-air mixtures that enter each
~cylinder are uniform in strength, quality, and
degree of vaporization. The inside walls of the
manifold must be smeoth to offer little obstruc-
tion to the flow of the fuel-air mixture. The
manifold is designed to prevent collecting of fuel
at the bends in the manifold.

The intake manifold should be as short and
straight as possible to reduce the chances of
condensation between the earburetor and cylin-
ders. To assist in vaporization of fuel, some
intake manifolds are constructed so that part of
their surfacescanbe heated by hot exhaust gases.

Gaskets

The principal stationary parts of an engine
have justbeenexplained. Thegaskets {fig. 13-12)

TTEXHAUST MANEFOLD

65.93

Figure 13-11. =Intake and exhaust manifolds.

that serve as seals between these parts in as-
sembly, require as much attention during as-
sembly as any other part. It is impractical to
machine all surfaces so that they fit together to
form a perfect seal. The gaskets make a joint
that is air, water, or oil tight; therefore, when
properly installed, they preventloss of compres-
sion, coolant, or lubricant.

MOVING PARTS OF AN ENGINE

The moving parts of an engine serve an im-
portant function in turning heat energy into me-
chanical energy. They further convert reciprocal
motion into rotary motion. The principal moving
parts are the piston assembly, connecting rods,

crankshaft assembly (includes flywheel and
vibration dampener), camshaft, valves, and
gear train.

The burning of the fuel-air mixture withinthe
cylinder exerts a pressure on the piston, thus
pushing it down in the cylinder. The action of
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B1.52
Figure 13-12.—Engine overhaul gasket kit.

the connecting rod and crankshaft converts this
downvward motion to a rotary motion.

Piston Assembly

Engine pistons serve several purposes: they
transmit the force of combustion to the erank-
shaft through the connecting rod; they act as a
guide for the upper end of the connecting rod;
and they also serve as a carrier for the piston
rings used to seal the compression in the eylin-
der. (See fig. 13-13.}

The piston must come to a complete stop at
the end of each stroke before reversing its course
in the cylinder. To withstand this rugged treat-
ment and wear, it must be made of tough ma-
terial, vet be light in weight. To overcome
inertia and momentum at high speeds, it muatbe
carefully balanced and weighed. All the pistons
used In any one engine mustbe of similar weight
to avoid excessive vibration. Ribs are used on

the underside of the piston toreinforcethehead;
the ribs also assist in conducting heat from the
head of the piston to the piston rings and out
through the cylinder walls.

The structural components of the piston are
the HEAD, SKIRT, RING GROOVES, and LANDS
(fig. 13-14). However, all pistons do not look
like the typical one here illustrated. Sornehave
differently shaped heads. Diesel engine pistons
usually have more ring grooves and ringsthanthe
pistons of gasoline engines. Some of theserings
may be installed below as well as above the
WRIST or PISTON PIN (fig. 13-15).

Fitting pistons properly is immportant. Be-
cause metal expands when heated, and because
space must be provided for lubricants between
the pistons and the cylinder walls, the pistons
are fitted tothe engine with a specified clearance.
This clearance depends upon the size or diameter
of the piston and the material from which it is
made. Cast iron does not expand as fast or as
much as alumihum. Aluminum pistons require
more clearance to prevent binding or seizing

75.70
Figure 13-13.~Piston and connecting rod
{exploded view).
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Figure 13-14.—The parts of a piston.
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Figure 13-15.--Piston assembly of General Motors series 71 engine.
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when the engine gets hot. The skirt or bottom
part of the piston runs much cooler thanthe top;
aerefore, it does not require as much clearance
as the head.

The piston is kept in alignment by the skirt,
which is usually CAM GROUND (elliptical in
cross section) (fig. 13-16}. This elliptical shape
permits the piston to fit the cylinder, regardless
of whether the piston is cold or at operating
temperature. The narrowest diameter of the
piston is at the piston pin bosses, where the
metal is thickest. At the widest diameter of the
piston, the piston skirt is thinnest. The piston
is fitted to ciose limits at its widest diameter so
that pistonnoise (slap}isprevented during engine
warm-up. As the piston is expanded bythe heat
generated during operation, it becomes round
because the expansion is proportional to the
temperature of the metal. Thewallsofthe skirt
are cut away as much as possible to reduce
weight and toprevent excessive expansion during

THE ELLIPTICAL SHAFE OF THE PISTON
SKIRT SHOULD BE 0.010 TO 0.012 IN.

LESS AT DIAMETER (A} THAN ACROSS
THE THRUST FACES AT DIAMETER (B)

engine operation. Many aluminum pistons are
made with SPLIT SKIRTS sothat whenthe pistons
expand the skirt diameter will not increase. The
two types of piston skirts found in most engines
are the FULL TRUNK and the SLIPPER. The
full-trunk-type skirt, which is more widely used,
has a full eylindrical shape withbearing surfaces
parallel to those of the cylinder, giving more
strength and better control of the oil film. The
SLIPPER-TYPE (CUTAWAY) skirt has con-
giderable relief on the sides of the skirt, leaving
less area for possible contact with the cylinder
walls and thereby reducing friction.

PISTON PINS.--The piston is attached to the
connecting rod by means of the piston pin (wrist
pin). The pin passes through the piston pin
bosses and through the upper end of the connect-
ing rod, which rides within the piston on the
middle of the pin. Piston pinsare made of alloy
steel with a precision finish and are case

0.028 TO 0.033 IN, LESS THAN_
DIAMETER AT (D}

THE SKIRT OF THE PISTON SHOULD
TAPER SO THAT THE DIAMETER
AT {C) IS FROM 0.0005 TO
0.0015 IN.LESS THAN AT (D).

81.55

Figure 13-16.—Cam-ground piston,
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hardened and sometimes chromium platedtoin-
crease their wearing qualities. Their tubular
construction gives them a maximum of strength
with a minimum of weight. They are lubricated
by splash from the crankcase or by pressure
through passages bored in the connecting rods.

There are three methods commonly used for
fastening a piston pin to the piston and the con-
necting rod. (See fig. 13-17.) An anchored, or
“fixed,’” pin is attached to the pistonbya screw
running through one of thebosses; the connecting
rod oscillates on the pin. A‘‘semifloating’ pin
is anchored to the connecting rod and turnsin the
piston pin bosses. A ‘“full-floating®’ pin is free
to rotate in the connecting rodand inthe bosses,
but is prevented from working out against the
sides of the cylinder by plugs or snapring locks.

PISTON RINGS.-~Piston rings are used on
pistons to maintain gastight seals between the
pistons and cylinders, to assist in cooling the
piston, and to control eylinder-wall lubrication.
About one-third of the heat absorbed by the piston
passes through the rings to the cylinder wall.
Piston rings are often quite complicated in de-
sign, are heat treated iIn various ways and are
plated with other metals. Therearetw distinet
‘classifications of piston rings: compression
‘rings apd oil control rings. (See fig. 13-18.)
The principal function of a compression ring
is to prevent gases from leaking by the piston
-during the compression and power strokes. All
-piston rings are split to permit assembly to the
iston and to allow for expansion, Whenthe ring

FIXED PIN

SEMIFLOATING
PIN

iz in place, the endsoithe split joint do not form
a perfect seal; therefore, it is necessary to use
more than one ring and to stagger the joints
around the piston. If eylinders are worn, ex-
panders (fig. 13«15 and 13-18) are sometimes
used to ensure a perfect seal.

The bottom ring, usually located just above
the piston pin, is an oil regulating ring. This
ring scrapes the excess oil from the cylinder
walls and returns some of it, through slots, to
the piston ring grooves. The ring groove under
an oil ring is provided with openings through
which the oil flows back into the crankcase. In
some engines, additional oil rings are used in
the piston skirt below the piston pin.

Connecting Rods

Connecting rods must be light and yet strong
enough to transmit the thrust of the pistons to
the crankshaft. Connecting rodsaredraop forged
from a steel alloy capable of withstanding heavy
loads without bending or twisting. Holes at the
upper and iower ends are machined to permit
accurate fitting of bearings. These holes must
be parallel.

The upper end of the connecting rod is con-
nected to the piston by the piston pin. 1f the
piston pin is locked in the piston pin bosses, or
if it floats in both pistor and connecting rod, the
upper hole of the connecting rod will havea solid
bearing (bushing) of brcnze or similar material.
As the lower end of the connecting rod revolves
with the crankshait, the upper end ig forced to

€)
QQ

FULL-FLOATING
PIN

81.56

Figure 13-17.—Piston pin types.
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FLEXIBLE RING WITH EXPANDER

5.51
Figure 13-18..~Piston rings.

turn Gack and forth on the piston pin. Although
this movement is stight, thebushing isnecesaary
becausge the temperatures and thepressuresare
bigh. If the piston pin is semifloating, a bushing
is not needed.

The lower hole in the connecting rod is split
to permit it to be clamped around the erankshaft.
The bottom part, or cap, is made of the same ma-
terial as the rod and is attached bytwo or more
bolts. The surface that bears on the crankshaft
is generally a bearing material in the form of a
separate split shell, although, in a few cases, it
may be spun or die-cast in the inside of the rod
and cap during manuvfachure, The two parts of
the separate bearing are positioned in the rod
and cap by dowel pins, projections, or short
brass screws. Split bearings maybe of the pre-
cision or semiprecision type.
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The PRECISION type bearing is accurately
finished to fit the crankpin and does not require
further fitting during installation. 1t is positioned
by projections on the shell which match reliefs
in the rod and cap. The projections prevent the
bearings from moving sideways and from rotary
motion in the rod and ecap.

The SEMIPRECISION type bearing isusually
fastened to or die-cast with the rod and cap.
Prior to installation, it is machined andfitted to
the proper inside diameter with the ¢cap and rod
bolted together.

Crankshaft

As the pistons collectively might be regarded
as the heart of the engine, so the CRANKSHAFT
may be comsidered its backbone (fig. 13-i9). It
ties together the reactions of the pistonsandthe
connecting rods, transforming their recipro-
cating motion into a rotary motion. And it
transmits engine power through the flywheel,
clutch, transmission, and differential to drive
your vehicle.

The crankshaft is forged or cast from an
alloy of steel and nickel, is machined smooth
to provide bearing surfaces for the connecting
rods and the main bearings, and is CASE-
HARDENED, or coated in a furnace with cop-
per alloyved with carbon. These bearing sur-
faces are called JOURNALS. The crankshaft
counterweights impede the cenirifugal force of
the connecting rod assembly attached to the
THROWS or points of bearing support. These

FLYWHEEL {WITH STARTER CEAR)

MAiN (SUPPORT)
BEARING JOUURNALS

CONHECTING ROD
BEARING JOURMALS

75.681
Figure 13-19.—Crankshaft of a
4-cylinder engine.
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throws must be placed so that they counter-
balance each other.

Crank throw arrangements for 4-, 6-, an.!
8-cylinder engines are shown in figure 13-20,
Four-cylinder engine crankshafts have either
3 or 5 main support bearings and 4 throws in
one plane. In figure 13-20you see that the throws
for No. ! and No. 4 evlinders {4-cylinder
engine) are 180° from those for No. 2 and No. 3
cylinders. On 6-cylinder engine crankshafts
each of the 3 pairs of throws is arranged 120°
from the other 2. Such crankshafts may be
supported by as many as 7 main bearings, that
is one at each end of the shaft and one between
each pair of crankshaft throws. The crank-
shafts of B-cylinder V-type engines are similar
to those for the 4-cylinder in-line type or may
have each of the 4 throws fixed at 90° from each
other (as in fig. 13-20} for better balance and
smoother operation.

Vtype engines usually have two connecting
rods fastened side by side on one crankshaft

throw. With this arrangement, one bank of the
engine cylinders is set slightly ahead of the
other to allow the two rods to clear each other.

Vibration Damper

The power impulses of an engine tend to set
up torsional vibration in the erankshaft. If this
torsional vikration were not controlled, the
crankshaft might actually break at certain
speeds; a vibration damper mounted onthe front
of the crankshaft is usedtocontrol this vibration
(fig. 13-21).

Most types of vibration dampers resemble a
miniature clutch. A friction facing is mounted
between the hub face and a small damper fly-
wheel. The damper flywheel is mounted on the
hub face with bolts that go through rubber cones
in the flywheel. These cones permit limited
circumferential movement between the crank-
shaft and damper flywheel. This minimizes the

75.81

Figure 13-20.--Crankshaft and throw arrangements commonly used.
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Figure 13-21.—5ectional view of a typical
vibration damper.

effects of the torsiona. vibration in the crank-
shaft. Several other tvpes of vibration dampers
are used. However, they all operate in es-
sentiaily the same way.

Engine Flywheel

The flywheel is mounted at the rear of the
erankshaft near the rear main bearing. This is
usually the longest and heaviest main bearing
in the engine, as it must support the weight of
the flywheel.

The flyvwheel {fig. 13-22} stores up energy of
rotztion during power impulses of the engine.
It releases this energy between power impulses,
thus assuring less fluctuation in engine speed
and smoother engine operation. The size of the
flywheel will vary with the nutnber of cylinders
and the generak construction of the engine, With
a large number of eylinders and the consequent

Figure 13-22.~Flywheel.

overlapping of power impulses, there is less
need for a flywheel; consequently, the flywheel
can be relatively small. The flywheel rim
carries a ring gear, either integral withthefly-
wheel or shrunk on, that meshes with the starter
driving gear for cranking the engine. The rear
face of the flywheel is usually machined and
ground, and acts as one of the pressure surfaces
for the clutch, becoming a part of the cluteh
assembly.

Valves And Valve Mechanisms

There are two valves for each cylinder in
most engines, one intake and one exhaust valve.
Since each of these valves operates at different
times, it is necessary that separate operating
mechanisms be provided for each valve. Valves
are normally held closed by heavy springs and
by compression in the combustion chamber. The
purpose of the valve-actuating mechanism is
to overcome the spring pressure and open the
valves at the proper time. The valve-actuating
mechanism includes the engine camshaft, cam-
shaft followers (tappets), pushrods, and rocker
arms.

CAMSHAFT.~The camshaft (fig. 13-23) is
inclogsed in the engine block. It has eccentric
lobes (cams) ground on it for each valve in the
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A — CAMSHAFT
B - CAMSHAFT BEARING
C - BEARING JOURNAL

81.61
Figure 13-23.—~Camshaft and bushings.

engine. As the camshaft rotates, the cam lobe
moves up under the valve :fappet, exerting an
upward thrust through the tappet apgainst the
v.lve stem or a pushrod. Thisthrust overcomes
the valve spring pressure as well as the gas
pressure in the cylinder, causing the valve to
open. When the lobe moves from under the
tappet, the valve spring pressure reseats the
valve.

On L-, F-, or I-head engines, the camshaift
is usually located to one side znd above the
erankshaft, while in V-type engines it isusually
located directly above the crankshaft. On the
overhead eamshaft engine, such as the Murphy
diesel, the camshaft islocated above the cylinder
head.

The camshait of a 4-stroke cycle engine
turns at one-half engine speed. It is driven off
the crankshaft through timing gears or a timing
chain. In the 2-stroke cycle engine the camshaft
must turn at the same speedasthe crankshaft in
order that each valve may open and close once
in each revolution of the engine.

In most cases the camshaft will do more than
operate the valve mechanism. It may have extra
cams or gears that operate fuel pumps, fuel
injectors, the ignition distributor, or the lubri-
cation pump.

Camshafts are supported in the engine block
by journals in bearings. Camshaft bearing
journals are the largest machined surfaces on
the shaft. The bearings are usually made of
bronze and are bushings rather than split bear-
ings. The bushings are lubricated by oil cir-
culating through drilled passages from the
crankcage. The stresses on the camshaft are

stnall, therefore the bushings are not adjustable
and require ljtfle attention. The camshaft
bushings are generally replaced only when the
engine requires a complete overhaul.

FOLLOWERS.~Camshaft followers ({figa.
13-24 and 13-25) are the parts of the valve-
actuating mechanism that contact the camshaft.
You will probably hear them called valvetappets
or valve lifters. In the L.-head engine the follow-
ers directly contact the end of the valve stem
and have an adjusting device in them. In the
overhead valve engine the followers contact the
pushrod that operates the rocker arm. The end
of the rocker arm opposite th~ pushred con-
tacts the valve stem. The valve adjusting device,
in this case, is in the rocker arm.

Many engines have self-adjusting valve
lifters of the hydraulic type that operate at
zero clearance at all times. The operation of
one type of hydraulic valve tappet mechanism
is shown in figure 13-26. Oil under pressure is
forced into the tappet when the valve is closed,
and this pressure extends the plunger in the
tappet so that all valve clearance, or lash, is
eliminated. When the cam lobe moves around
under the tappet and starts toraise it, there will
not be any tappet noise. As the lobe starts to

81.64
Figure 13-24,—-L-head valve operating
mechanism.
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81.65

Figure 13-25.—~Valve operating mechaniem for an overhead valve engine.

raise the tappet, the oil is forced upward in the
lower chamber of the tappet. Thisaction closes
the ball check valve so oil cannot escape. Then
the tappet acts as though it were a simple,
l.piece tappet and the valve is opened. Whenthe
lobe moves out from under the tappet and the
valve closes, the pressure in thelower chamber
of the tappet is relieved. Any slight loss of oil
from the lower chamber is then repiaced by the
ofl pressure from the engine lubricating system.
This causes the plunger to move up shugly

against the push rod so that any clearance is
sliminated.

Timing Gears {(Gear Trains)

Timing gears keep the crankshaft and cam-
shaft turning in proper relation to one another
s0 that the valves open and close at the proper
time. In some engines, sprockets and chains
are used.
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The gears or sprockets, as the case maybe,
of the camshaft and crankshaft are keyed in
position so that they cannot slip. Since they are
keved to their respective shafts, they can be
replaced if they become worn or noisy.

With directly driventiming gears (fig. 13-27),
one gear usually has a mark on two adjacent
" teeth and the other a mark on only one tooth. To
time the valves properly, it is necessaryonlyto
mesh the gears so that the two marked teeth of
one gear straddie the single marked tooth of
the other.

AUXILIARY ASSEMBLIES

We have discussed the main parts of the
engine praper; but there are other parts, both
moving and stationary, that are essential to
engine operatiom. They are not built into the
engine itself, but, in most cases, are attached
to the engine block or eylinder head.

The fuel system includes a fuel pump and
carburetor mounted on the engine. In diesel
engines the fuel injection mechanism replaces
the carburetor. An electrical system is provided
to supply power for starting the engine and also
for ignition during operation. An efficient cool-
ing system is necessary for operating an
internai combustion engine. In water-cooled
engines a water pump and fan are used, while

AGAMNST CUP L L
j Lnumﬂ EXTENDED ::

| MAINTAINING ZERC CLEARANCE

VALVE OPEN

PUSH ROD PRESSES | -

D4 FORCED UPWARD SUGHT LEARAGE
QUOSES CHECK VALVE } BETWEEN PLUNGER
AND 8ODY
81.66

Figure 13-26.—0peration of a hydraulic valve lifter.

in air-cooled engines a blower isgenerally used
to force cool air around the engine cylinders.

In addition, an exhaust system is providedto
carry away the burned gases exhausted fromthe
engine cylinders. These systems will not be
discussed in this course, however. For further
information on them refer to NavPers 10644D,
Construction Mechanic 3 & 2.

81.69
Figure13-27.--Timing gearsand their markings.
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CHAPTER 14

POWER TRAINS

In chapter 13 we saw how a combination of
simple machines and basic mechanisms were
utilized in constructing the internal combustion
engine. In this chapter we will go on from there
to learn how the power deveioped by the engine
is transmitted to perform the work required of
it. To illustrate this, we will usethe power train
system as used by the automobile, and most
trucks, as a familiar example. In this applica-
tion, once againm you are to look for the simple
machines that make up each of the machines or
mechanisms which are interconnerc’ »d to makeup
the pcwer train.

In a vehicle, the mechanism that transmits
the power of the engine to the wheels and/or
tracks and accessory equipment i= called the
power train. In a simple situation, a set of
gezrs or a chain and sprocket could perform
this task, but awmtomotive and construction ve-
hicles are not usually designed for such simple
operating conditions. They are designed to
have great pulling power, tomove athigh speeds,
to travel in reverse as well as forward, and to
operate onrough terrainas well as smooth roads.
To meet these widely varying demands, a number
of units have been added to the vehicles.

Automobiles and light trucks driven by the
twe rear wheels have a power train consisting
of clutch, transmissicn, propeller shaft, dif-
ferential, and driving axles (fig. 14-1).

In 4- angd 6-wheel drive trucks, you will find
transfer cases with additional drive shafts
and live axles. Tractors, shovels, cranes, and
other heavy-duty vehicles that move on tracks
also have similar power trains. In addition to
assemblies that drive sprockets to move the
tracks, these vehicles alsohaveauxiliary trans-~
missions or power takeoff units which may be
used to operate accessory attachments. The
propeller shafts and clutech assemblies of these
power trains are very much like those used to
drive the wheels.

THE CLUTCH

The clutch is placed in the power train of
motorized equipment for two purposes:

First, it provides a means of disconnecting
the power of the engine from the driving wheels
and accessory equipment. When the clutch is
disengaged, the engine can run without driving
the vehicle or operating the accessories.

Second, when the vehicle is started, the clutch
allows the engine to take up the lozd of driving
the vehicle or accessories gradually and without
shock.

Clutches are located in the power train
between the source of power and the operating
unit. Usually, they are placed between the
engine and the transmission assembly, as shown
in figure 14-1.

Cluiches generally transmit power from the
clutch driving member to the driven member
by friction. In the plate clutch, figure 14-2
the driving member or plate, which is secured
to the engine flywheel, is gradually brought in
contact with the driven member (disc). The
contact is made and held by strong spring pres-
sure controlled by the driver with the clutch
pedal. With oniy a light spring pressure, there
is little friction between the two members and
the clutch is permitted to slip. As the spring
pressure increases, friction alsoincreases, and
less slippage occurs. When the driver removes
his foot from the clutch pedal and full spring
pressure is applied, the speed of the driving
plate and drivendisc isthe same, andall slipping
stops. There is then a direct connectionbetween
the driving and driven shafts.

In most clutches, thereisa direct mechanical
linkage between the clutch pedal and the clutch
release yoke lever. On many late model ve-
hicles, and on some of the larger units which
require great pressure to release the spring, a
hydraulic clutch release system is used. A
master cylinder (fig. 14-3), similar tothebrake
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master cylinder, is attached to the clutch pedal.
A cylinder, similer to a single-aciing brake
wheel cylinder, is conmected to the master
cylinder by flexible pressure hose or metal
tubing (fig. 14-3). The slave cylinder is con-
nected to the cluteh release voke lever. Move-
.ment of the clutch pedal actuates the clutch
‘master eylinder. This movement is transferred
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81.174

Figure 14-1.—Type of pawer transmission.

by hydraulic pressure to the slave cylinder,
which in turn actuates the cluteh release yoke
lever.

TYPES OF CLUTCHES

There are various types of clutches. The
type most used in passenger cars and light

CLUTCH

DRIVING P
FLYWHEEL G PLATE

CLUTCH CLUTCH

ORIEN FACING DRIVEN PLATE RELEASE SHOE OR

PLATE CLUTGH SPRING PiLOT BEARING HOUSING
CLUTCH CAVER RELEASE

SLEEYE

RELEASE
YOKE

81.17%

Figure 14.2.—Exploded and cross-section view of a plate clutch.
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Figure 14-3.=Master cylinder, slave cylinder and connections for standard hydraulic clutch.

trucks is the previously-mentioned plate elutch.
The plate cliuteh is a simple clutch with three
plates, one of which is clamped between the
other two. Exploded and cross-sectional views
of a plate clutch are shown in figure 14-2.

Single Disk Clutch

The driving members of the single disk
clutch consist of the flywheel and the driving
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{pressure) plate. The driven member consists
of a single disk, splined to the clutch shaft and
faced on both sides with friction material. When
the clutch is fully engaged, the driven dise is
firmly clamped between the flywheel and the
driving plate by pressure of the clutch springs,
forming a direct, nonslipping connectionbetween
the driving and driven members of the clutch.
In this position, thedrivendisc rotatesthe clutch
shaft to which it is splined. The clutch shaft is
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conpected to the driving wheels through the
transmission, propeller shaft, final drive, dif-
ferential, and live axles.

The double disk clutch {fig. 14-4) is sub-
stantially the same as the single plate disk
clutch exeept that another driven diskand inter-
mediate driving plate is added.

Muitiple Bisk Cluteh

A rmultiple disk clutch is one having more
than three plates or disks. Some have as
many .3 11 driving plates and 10 driven disks.
Because the multiple disk type has a greater
frictional area than a plate clutch, it is best
suited as a steering clutch on crawler type
tractors. The multiple disk clutch is sometimes
uged on heavy trucks. In operation, it is very
much like the plate clutch and has the same
release mechanism. The facings, however, are
usually attached to the driving plates rather than
to the driven disks. This reduces the weight of
. the driven disks and keeps them from spinning

after the clutch is released.
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Figure 14-4.~Double diak clutch—exploded view.

You may rum into other types of friction
clutches such as the lubricated plate clutch and
the cone clutch. These types are seldom used
on automotive equipment. However, fluid drive
is largely replacing the friction clutches in
automobiles and light trucks, and even in some
tractors.

For information on fluid drives (automatic
transmissions), refer to Construction Mechanic
Jd & 2, NavPers 10644-D, chapter 11.

TRANSMISSION

The transmission is part ' | the power train.
It consists of a metal case filled with gears
(fig. 14-5), and is usually located in the rear
of the engine between the clutch housing and the
propeller shaft, as shown in figure 14-1, The
transmission transfers engine power from the
clutch shaft to the propeller shaft, and allows
the driver or operator to control the power
and speed of the vehicle., The transmission
shown in figure 14-5 and 14-G is a sliding
gear transmission. Many late model trucks
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Figure 14-5.—Four«speed truck transmission.

have either comstant mesh or synchromesh
transmissions (explained later). However, the
principles of operation and gear ratios are the
same,

A review of chapter § of this book will help
vou to understand the transmissions and power
transfer mechanisms described in this chapter.

FOUR-SPEED TRUCK TRANSMISSION

The gear shift lever positions shown in the
small inset in figure 14-6 are typical of most
four~speed truck transmissions. Thegear shift-
ing lever, shown at &4, B, C, D, and E in the il-
lustration, moves the position of the two shifting
forks which slide on separate shafts secured in
the transmission case caver. Followthe separate
diagrams to learn what takes place in shifting
from one speed to another. For example, agyou

134

move the top of the gear shift lever toward the
forward left position, the lower arm ofthelevear
moves in the opposite directionto shiftthegears.
The fulerum of this lever is in thetransmission
cover.

In shifting transmission gears it is neces-
sary to use the clutch to disengage the engine.
Improper use of ihe clutch will cause the gears
to clash, and may damage them by breaking the
gear teeth. A broken tooth or piece of metal
can wedge itself between two moving gears and
ruin the entire transmission assembly.

When you shift from neutral to first or
low speed (A of fig. 14-6}, the smallest counter-
shaft gear engages with the largest slidinggear.
Low gear moves the truck at its lowest speed
and maximum power. The arrow indicates the
flow of pover from the clutch shafi tothe propeli-
ler shaft.
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Figure 14-6.~Power flow through a 4-speed transmission.

The second speed position is obtained by
moving the gear shift lever straight back from
the low speed position. You will, of course,
use the clutch when shifting. In B of figure
14-6 you will see that the next to the smallest
countershaft gear is in mesh with the second
largest sliding gear. The largest sliding gear
{shift gear} has been disengaged. The flow of
power has been changed as shown by the arrow.
The power transmitted to the wheels in second
-gear (speed) is less, but the truck will move at
.a greater speed than it will in low gear if the
engine speed is kept the same.

In shifting from the second speed to the
third speed position, you move the gear shift
lever through the neutral position. This is
done in all selective gear transmissions. From
the neutral position the driver can select
the speed position required to get the power he
needs. In C of figure 14-6 you will notice that
the gear shift lever is in contact with the other
ghifting fork, and that the forward slide gear

has been meshed with the second countershaft
gear. The power flow through the transmission
has again been changed, as indicated by the
arrow, and thetruck will move at an intermediate
speed between second and high.

You shift into fourth or high speed posi-
tion by moving the top of the shift lever back
and to the right from the neutral pogition.
In the high speed position, the forward shift or
sliding gear is engaged with the constant speed
gear as shown in D of figure 14-6. The clutch
shaft and the transmission shaft are now locked
together and the power flow is in a straight
line. In high, the truck propeller shaft re-
volves at the same speed as the engine ¢rank-
shaft, or at a 1 to 1 ratio.

You shift to reverse by moving the top
of the gear shift lever to the far right and
then to the rear. Most trucks have a trigger
arrangement at the gear shift ball to unlock the
lever so that it can be moved from neutral to
the far right. The lock prevents unintentional
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shifts into reverse. Never attempt to shift into
reverse until the forward motion of the vehicle
has been completely stopped.

In F of figure 14-8, voucanseehow the idler
gear fits into the transmission gear train. In E
of figure 14-6, you can see what happens when
you shift into reverse. Anadditional shifting fork
is contacted by the shift lever in the far right
position. When the shift to reverse is completed,
this fork moves the idling gear into mesh with the
small countershaft gear and the large sliding
gear at the same time. The small arrows in
the inset show how the engine power flows
through the transmission to move the propeller
shaft and the wheels in a reverse direction.

The different combination of gears in the
transmissicn ¢cage makes it possible to change
tire vehicle speed while the engine speed re-
mains the same. 1t is all a matter of gear
rxtios. That is, having large gears drive small
gears, and small gears drive large gears. If a
gear with 100 teeth drives a gear with 25 teeth,
the small gear will travel four times as fast as
the largé one. You have stepped up the speed.
Now, let the smail gear drive the large gear,
and the large gear will make one revoletion for
every four of the small gear. You have re-
duced speed, and the ratio of gear reduction is
4to 1.

In the truck transmission just described, the
gear reduction in low gear is 7 to 1 from the
engine to the propelier shaft. In high gear the
ratio is 1 to 1, and the propeller shaft turns at
the same speed as the engine. This holds true
for most transmissions. The second and third
speed positions provide intermediate gear re-
ductions between low and high. The gear ratio
in second speed is 3.48 to 1, andin third is 1.71
to 1. The gear reduction or gear ratioin reverse
is about the same as it is in low gear, and the
propeller shaft makes one revclution for every
seven revolutions of the engine.

All transmissions do not have four speeds
forward, and the gear reductions at the various
speeds are not necessarily the same. Pas-
senger cars, for example, usually have only
three forward speeds and one reverse speed.
Their gear ratios are about 3 to 1 in both low
and reverse gear combinations. You must re-
member, the gear reduction in thetransmission
is only between the engine and the propeller
shaft, Another reduction gear ratio is provided
in the rear axle assembly. f youhavea common
rear axle ratio of about 4 to 1, the gear reduc-
tion from the engine of a passenger car to the
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rear wheels in low gear would be approximately
12 to 1. In high gear the ratio would be 4 to 1
as there would be no reduction of speed in the
transmission.

CONSTANT MESH TRANSMISSION

To eliminate the noise developed in the old-
type spur-tooth gears used in the sliding gear
transmission, the automotive manufacturersde-
veloped the constant-mesh transmission which
contains helical gears.

In this type of transmission certain counter~
shaft gears are constantly in mesh with the
main shaft gears. The main shaft meshinggears
are arranged so that they cannot move endwise.
They are supported by roller bearings so that
they can rotate independently of the main shaft
(figs. 14-'7 and 14-8).

In operation, when the shift lever is moved
to third, the third and fourth shifter fork
moves the clutch gear (A, fig. 14-8) toward
the third speed gear (D, fig. 14-8). This en-
gages the external teeth of the clutch gear with
the internal teeth of the third speed gear. Since
the third speed gear is rotating with the rotating
countershaft gear, the clutch gear mustalsoro-
tate. The clutch gear is splined to the main
shaft, and therefore the main shaft rotates with
the clutch gear. This principle is carried out
when the shift lever moves from one speed to the
next.

Constant-mesh gears are seldom used for
all speeds. Commonpractice istouse suchgears
for the higher gears, with sliding gears for
first and reverse speeds, or for reverse only.
When the shift is made to first or reverse, the
first and reverse sliding gear is moved to the
left on the main shaft. The inner teeth of the
sliding gear mesh with the main shaftfirstgear.

SYNCHROMESH TRANSMISSION

The synchromesh transmission is a type of
constant-mesh transmission that permits gears
to be selected without clashing, by synchronizing
the speeds of mating parts before they engage.
It employs a combination metal-to-metal {ric-
tion cone cluteh and adogorgear positive clutch
tn engage the main drive gear and second-speed
main shaft gear with the transmission main shaft.
The friction cone clutch engages first, bringing
the driving and driven members to the same
speed, after which the dog clutch engages easily
without clashing. This process is accomplished
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Figure 14-7.—Constant-mesh transmission assembly-.sectional view.

137




BASIC MACHINES

in one continuous gperation when the driver
deciutches and moves the control lever in the
usuai manner. The construction of synchro-
mesh transmissions varies somewhat with dif-
ferent manufacturers, but the principle is the
same in all.

The construction ¢f a popular synchromesh
cluteh is shown in figure 14-9. The driving
“member consists of a sliding gear splined tothe
transmission main shaft with bronze internal
cones on each side. It is surrounded by a sliding
sleeve having internal teeth that are meshed
with the external teeth of the sliding gear. The
sliding sleeve is grcoved around the outside to
receive the shift fork. Six spring-locaded balls
in radially-drilled holes in the gear fit into an
internal groove in the sliding sleeveand prevent
it from moving endwise relative to the gear
until the latter has reached the endofits travel.
The driven members are the main drive gear
and second-speed main shaft gear, each of which
has external cones and external teeth machined
on its sides to engage the internal cones of the
sliding gear and the internal teeth of the sliding
sleeve.

THIRD-AND-FOURTM SPEED CLUTCH GEAR
B. THIRD SPEED GEAR RETAINING SNAP RING
€+ THIRD SPEED GEAR THRUST WASHER

D= THIRD SPEED GEAR

E+ THIRD SPEED GEAR BEARING ROLLERS

F+ THIRD SPEED GEAR BEARING LOCK PIN

G+ THIRD SPEED GEAR BEARING

H- THIRD SPEED GEAR SPACER

J= MAIN SHAFT

K+ FIRST«AND-SECOND SPEED GEAR

81.184

Figure 14-8.-—Disassembled main shaft assembly.

The synchromesh clutch gperatesasfollows:
when the transmission control lever is moved
by the driver to the third-speed or direct-drive
position, the shift fork movesthe sliding gearand
sliding sleeve forward as a unit until the internal
cone on the sliding gear engages the external
cone on the main drive gear. This action brings
the *wo gears to the same sSpeed and stops
endwise travel of the sliding gear. The sliding
sleeve then slides over the balls and silently
engages the external teeth onthe maindrivegear,
locking the main drive gear and transmission
main shaft together as shown in figure 14-9.
When the transmission control lever is shifted
to the second-speed position, the sliding gear and
sleeve move rearward and the sameaction takes
place, locking the transmission main shaft to
the second-speed main shaft gear. The synchro-
mesh clutch is not applied to first speed or to
reverse. First speed is engaged by an ordinary
dog clutch when constant mesh is employed, or
by a sliding gear; reverse is always engaged by
means of a sliding gear. Figure 14-10 shows a
cross section of a synchromesh transmission
which uses constant.mesh helical gears for the

138



Chapter 14—POWER TRAINS

“SHIPT WORK MOYES .~
SLIDING SLEEVE WM
THIS DIRECTION FOR
Do BNGAGEMENT
EXTERMAL v o R
ERNAL COHES
ENGAGED

‘INTERMAL AND

Figure 14-9.--8ynchromesh clutch—disengaged and engaged.

three forward speeds and a sliding spur gear for

reverse.

: Some transmissions are controlled by a

. steering column control lever (fig. 14-11). The
positions for the various speeds are the same
as these for the vertical control lever except
that the tever is horizontal. The shilter forks
are pivoted on belicranks whiecli are turned by a
steering column control lever through the linkage
shown. The poppets showrn in figure 14-10 en-
gage notches at the inner ens ¢f zachbell crank.
Other types of synchromesh rransmissions con-
trofled by steering column levers have shifter
shafts and forks moved by 2 linkage similar to
those used with a vertical control lever.

AUXILIARY TRANSMISSION

The auxiliary transmission allows a rather
small engine to move heavy loads in trucks by
increasing the engine-to-axle gear ratios. The
auxiliary transmiission provides a link in the
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power trains of construction vehicles to divert
engine power to drive 4 and 6 wheels, and also
to operate accessory equipment through trans-
fer cases and power takeoff units. {See fig.
14-12).

Trucks require a greater engine-to-axle
gear ratio than passenger cars, particularly
when manufacturers put the same engine inboth
types of equipment. In a truck, the auxiliary
transmission doubles the mechanical advan-
tage. It is connected to the rear of the main
transmission by a short propeller shaft and
universal joint. Its weight is supported on a
frame cross-~member as shown in figure 14-12.
The illustration alsas shows how the shifting
lever would extend into the driver’s ~ompart-
ment near the lever operating the main trans-
mission.

In appearance and in operation, auxiliary
transmissions are similar to main transmis-
sions, except that some may have two and some
three speeds (low, direct and overdrive).
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TRANSFER CASES

Transfer cases are placed in the power
trains of vehicles driven by all wheels. Their
purpose is to provide the necessary offsets for
:additional propeller shaft connections to drive
the wheels.

_' Transfer cases in heavier vehicles have two
“speed positions and a declutching device for
disconnecting the front driving wheels. Two
speed transfer cases like the one shown in fig-
ure 14-13 servealscas auxiliary transmissions.
Some transfer cases are quite complicated.
When they have speed changing gears, declutch-
ing devices, and attachments for three or more
propelier shafts, they are even larger than the
main transmission. A cross section of a eom-~
mon type of two-speed t{ransfer case is shown
in figure 14-14. Compare it with the actual in-
stallation in figure 14-i3.

The declutching mechanism for the front
wheels consists of a sliding sleeve spline
eluteh.

W/ 157 AhD REVERSE
""" "SLIDING GEAR
FIRST SPEED
P0G CLUTCH
SECOND SPEED

SYNCRO-MESH CLUTCH

81.186

Figure 14-10.—Synchromesh transmission arranged for steering column control.

This same type of transfer case is used for
a 6.wheel drive vehicle. The additional pro-
peller shaft connects the drive shaft of the
transfer case to the rearmost axle assembly.
It is connected to the transfer case through the
transmission brake drum.

Some transfer cases contain an overrunning
sprag unit (or units) on the front output shaft.
(A sprag unit is a form of overrunning clutch;
power can be transmitted through it in one di-
rection but not in the other.)

On these units the transfer is designed to
drive the front axle slightly slower than the
rear axle. During normal operation, when both
front and rear wheels turn at the same speed,
only the rear wheels drive the vehicle. How-
ever, if the rear wheels should losetractionand
Legin to slip, they tend to turn faster than the
front wheels. As this happens, the sprag unit
automatically engages so that the front wheels
also drive the vehicle., The sprag unit simply
provides an automatic means of engaging the
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front wheels in drive whenever additional trac«
tive effort is required. There are two types of

1 2 sprag-unit-equipped transfers, a single«sprag-

7 i} unit transfer and a double-sprag-unit transfer.

g | f Essentially, both types work in the same man-
'(5/ I 'l ner.

POWER TAKEOFF&

Power takeoffs are attachments in the power
train for power to drive auxiliary accessories.
They are attached to the transmission, auxil-
iary transmission, or transfer case. A common
type of power takeoff is the single-gear, single-
speed type shown in figure 14-15. This unit is
bolted to an opening provided in the side of the
transmission case as shown in figure 14-12.
The sliding gear of the power takeoff will then
mesh with the transmission countershaft gear.

The operator can move a shifter shaft control
S e 2 lever to slide the gear in and out of mesh with
) the courter shaft gear. The spring-loaded ball

= 81.187 holds the shifter shaft in position.
Figure 14-11.—Steering column transmission On some vehicles you will find power take-
control lever and linkage. off units with gear arrangements that will give

LEVERS TO SHlF!Eli
BELL CRANK SHAFTS
ON 5I0E OF
TRANSMISSION

81.188
Figure i4~12.—-Auxiliary transmission power takeoff driving winch.
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Figure 14-13 —Transfer case installed in a 4- wheel drive truck.

two speeds forward and one in reverse. Save
eral forward speeds and a reverse gear ar-
rangement are usually provided in power take-
-off units which operate winches and hoists.
Their operation is about the same as the single
speed units.

PROPELLER SHAFT
ASSEMBLIES

-~ The propeller shaft assembly consists of a
propeller shaft, a slip joint, and one or moe:e
~universal joints. This assembly provides a
flexible connection through which power is
- transmitteq from the transmission to the live
"~ axles.
The propeller shaft may be solid or tubular.
A solid shaft is somewhat stronger than a hol-
low or tubular shaft of the same diameter, but
a hollow shaft is stronger than a solid shaft of
the same weight. Solid shafts are generally
used inside of a shaft housing that encloses the
entire propeller shaft assembly. These are
called torque tube drives.
A slip joint is provided at one end of the
propeller shaft to take care of end play. The
driving axle, being attached to the springs, is
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free to move up and down while the transmis-
sion is attached to the frame and cannot move.
Any upward or downward movement of the axle,
as the springs are flexed, shortens orlengthens
the distance between the axle assembly and the
transmission. To compensate for this changing
distance, the slip joint is provided at one end of
the propeller shaft.

The usual type of slip joint consists of a
splined stub shaft, welded to the propeller shaft,
which fits intc a splined sleeve in the universal
joint. A cross-sectional view of the slip joiat
and universal joint is shown in figure 14-16.

A universal joint is a connection between
two shafts that permits one to drive the other
at an angle. Passenger vehicles and trucks
usually have universal joints at both ends of the
propeller shaft.

Universal joints are double-hinged with the
pins of the hinges set at right angles. They are
made in many differentdesigns, but they all work
on the same principle. (See chapter 11.)

FINAL DRIVES

A final drive is that part of the power train
that transmits the power delivered through the
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- propeller shaft to the drive wheels or sprock-
ets. Because it is encased in the rear axie
housing, the final drive is usuaily referredtoas
a part of the rear axle assembly. It consists of
two gears called the ring gear and pinion.
These may be spur, spiral, or hypoid beveled
gears, or wormgears, as illustrated in figure
14-17.

The funetion of the final drive is to change
by 90 degrees the direction of the power trans-
miited through the propeller shaft to thedriving
axles. It also provides a fixed reduction be-
tween the speed of the propeller shaft and the
axle shafts and wheels. In passenger cars this

143

 =—MAINSHAFT

—-MAINSHAFT CONSTANT MESH GEAR . -

—=MAINSHAFT SLIDING GEAR

—REAR AXLE (REAR UNIT) DRIVE GEAR -

[-REAR AXLE (REAR UNIT) DRIVE GEAR ASSEMBLY

REAR AXLE REAR UNIT

IDLER SHAFT CONSTANT MESH GTAR
~IDLER SHAFT

-DRIVE SHAFT CONSTANT MESH GEAR

o REAR AXLE (FRONT UNIT} DRIVE SHAFT
= DRIVE __SHleT CONSTANT MESH GEAR

—FRONT ANLE DRIVE SHAFY

81.191

Figure 14-14.-—Cross section of a 2-speed transfer case.

reduction varies from about 3toltc5tol.In
trucks, it can vary from 5 to 1 as much as 1t
to 1.

The gear ratio of a final drive having bevel
gears is found by dividing the number of teeth
on the drive gear by the number of teeth on the
pinion. In a worm gear final drive, the gear
ratio is found by dividing the number ofteeth on
the gear by the number of threads on the worm.

Most final drives are of the gear type. Hy-
poid gears are used in passenger cars and light
trucks tc give more body clearance. They per-
mit the bevel drive pinion to be placed below
the center of the bevel drive gear, thereby
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Figure 14-15.~-8ingle speed, single geas, power takeoff.

lowering the propeller shaft (see fig. 14-17).
Worm gears allow a large speed reduction and
are used extensively in the larger t:ucks.
Spiral bevel gears are similar to hypoid gears.
They are used in both passenger cars and
trucks to replace spur pearsthatareconsidered
too noisy.

DIFFERENTIALS

The construction and principles of operation
of the geardifferential weredescribed inchapter
11 of this book. We will briefly review some of
the high points of that chapter here, and then go
on to describe some of the more common types
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Figure 14-16.—-8lip joint and common type of universal joint.-

81.195
Pigure 14-17.~Gears used in final drives.
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of gear differentials &5 applied in automobiles
and trucks.

The purpose of the differential is easy to
understand when vou compare a vehicle to a
company of men marching in mass formation.
When the company makes a turn, the men in the
inside file must take short steps, almost mark-
ing time, while men in the outside file must take
long steps and walk a greater distance to make
ths turn. When a motor vehicle furns a corner,
the wheels on the catside of the turn must ro-
tate faster and travel a greater distance than
the wheels on the inside. This causes no diffi-
culty for front wheels of the usual passenger
car because each wheel rotates independently
on opposite ends of a dead axle. However, in
order to drive the rear wheels at different
speeds, the differential is needed. It connects
the individual axle shaft for each wheel to the
bevel drive gear. Therefore, each shaft can
turn at a different speed and still be driven as
a single unit. Refer i3 the illustration in fig-
ure 14-18 as you study the following discussion
on differential operation.

COMPANION __/

FLANGE

PINION
BEARING
PINION BEVEL DRIVE
SHAFT PINION
DIFFERENTIAL
BEVEL
DRIVE GEAR PINIDNS
TAPERED
ROLLER

BEARINGS

DIFFERENTIAL
SIDE GEARS

81.196
Figure 14-18.--Differential with part of
case cut away.
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The differential described in chapter 11 had
two inputs and a single output. Thedifferential as
used in the automobile, however, has a single
input and two outputs, the input being introduced
from the propeller shaft, andthe outputsgoing to
the rear axles and wheels. Inthisdiscussion, the
‘‘gpider gears’’ are referred to as‘‘differential
pinions,’’ so don't let this confuse you.

The bevel drive pinion, connected tothe pro-
peller shaft, drives the bevel drive gear and the
differential case to which it is attached. There-
fore, the entire differential case always rotates
with the bevel drive gear whenever thepropeller
shaft is transmitting rotary motion. Within the
case, the differential pinions are free to rotate
on individual shafts called trunnions. These
trunnions are attached to the walls of the dif-
ferential case, so that whenever the caseisturn-
ing, the differential pinions must revolve—one
about the other-—in the same plane as the bevel
drive gear.

The differential pinions mesh witn the side
gears, as did the spider and side gears in the
differential described in chapter 11. The axle
shafts are splined to the side gearsand keyed to
the wheels. Power is transmitted to the axle
shafts through the differential pinions and the
side gears. When resistance is egual on each
rear wheel, the differential pinions, side gears,
and axle shafts all rotate as one unit with the
bevel drive gear. In this case, there is no rela-
tive motion betw:en the pinions and the side
gears in the differential case. That is, the
pinions do pot turn on the trunnions, and their
teeth will not move over the teeth of the side
gears.

When the vehicle turns a corner, one wheel
must turn faster than the other. The side gear
driving the outside wheel will run faster than
the side gear connected to the axle shaft of the
inside wheel. To compensate "or this difference
in speed, and to remain in mesh with the two
side gears, the differential pinions must then
turn on the trunnions. The average speed of
the two side gears, axle shafis, or wheels is
always equal to the speed of the vevel drive
gear.

To overcome the situation where one spin-
ning wheel might be undesirable, some trucks
are provided with a differential lock. This
is a simple dog clutch, controlled manually or
automatically, which locks one axle shaft to the
differential case and bevel drive gear. Although
this device forms a rigid connection betweenthe
two axle shafts and makes both wheels rotate at
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the same speed, it is used very little. Too often
the driver forgets toc disengage the lock after
using it, There are, however, automatic devices
for doing almost the same thing. One of these,
which is rather extensively used today, is the
high-traction differential. It consists of a set of
differential pinicns and side gears which have
fewer teeth and a different tooth form from the
conventional gears. Figure 14-19 shows a com-
parison between these and standard gears. These
differential pinicns and side gears depend on a
variable radius from the center of the differen-
tial pinion to the point where it comes in con-
tact with the side gear teeth, which is, in effect,
a variable lever arm. As long as there is rela-
tive motion between the pinions and side gears,
the torque is unevenlv divided between the two
driving shafts and wheels; whereas, with the
usual differential, the torgque is evenly divided
at all times. With the high-traction differen-
tial, the torgue becomes greater on one wheel
and less on the other as the pinions move around,
until both wheels start to rotate at the same
speed. When this oecurs, the relative motion
between the pinion and side gears stops and the

torque on each wheel is again e.mal. This de-
vice assists considerably in starting the vehicle
or kKeeping it rolling in cases where one wheel
encounters a slippery spot and loses traction
while the other wheel is on a firm spot and has
traction. It will not work, however, when one
wheel loses traction completely. In this respect
it is inferior to the differentiz! lock.

With the no-spirn differential (fig. 14-20).
one wheel cannot spin because ofloss oftractive
effort and thereby deprive the other wheel of
driving effort. For example, one wheel is on
ice and the other wheel is on dry pavement.
The wheel on ice is assumed to have no trac-
tion. However, the wheel on dry pavement will
pull to the limit of its tractional resistance at
the pavement. The wheel on ice cannot spin be-
cause wheel speed is governed by the speed of
the wheel applying tractive effort.

The no-spin differential does not contain
pinion gears and side gears as does the con-
ventional differential. Instead, it consists es-
sentially of a spider attached to the differential
drive ring gear through four trunnions, plustwo
driven clutch members with side teeth that are

ENTIAL
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Figure 14-1%.~Camparison of high-traction differential gears and standard differential gears.
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Figure 14-20.—No spin differential—exploded view.

indexed by spring presgure with side teeth in
the spider. Two side members are splined to
the wheel axles and in turn are splined tnto the
driven clutch memhers.

AXLES

A live axle is <ae that supports part of the

“weight of a vehicle and also drives the wheels
connected to it. A dead axle is one that carries
part of the weight of a vehiclehutdoes not drive
the wheels. The wheels rotate on the ends of
the dead axle.

. Usually, the front axle of 1 pagsenger car is
a dead axle and the rear axle ts a live axle. In
4-wheel drive vehicles, hoth front and gear
axles are live axles, and in 6-wheel drive ve-
hicles, all three axles are live axles. The
third axle, part of a bogie drive, is joined to
the rearmost axle by 3 trumnion axle. The trun-
nion axle is attached rigidly to the frame. Its
purpose is to help in distributing the 'oad an the
redar of the vehicke to the two liveaxles which it
connects.

There are four tvpes of live axles used in
automotive and construction equipment. They
are: plain, semifloating, three-guarter float-
ing, and full Joating.

The plain live axle, or nonfloating rear
axle, 15 seldom used in equipment today. The
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axle shafts in this assembly are ralled nonfloat-
ing because they are supported directly inbear-
tngs located in the center and ends of the axle
housing. In addition to turning the wheels, these
shafts carry the entire load of the vehicle on
their outer ends. Plain axles also support the
weight of the differential case.

The semifloating axle (fig. 14-21} that is
used on most passenger cars and light trucks

WHEEL Rim

DIFFERENTIAL
HOUSING

BRAKE DRUM

WHEEL BEARING
AXLE SHAFT

AXLE HOUSING

81.200
Figure 14-21..-Semifloating rear axle.
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has itg differential case independently sup-
ported. The differential carrier relieves the
axle shafts from the weight of the differential
assembly and the stresses caused by its oper-
ation. For this reason the inner ends of the
axle shafts zre said to be floated. The wheels
are keyed to outer ends of axle shafts and the
outer bearings are between the shafts and the
housing. The axle shafts therefore must take
the stresses caused by turning, skidding, or
wobbling of the wheels. The axle shaft in a
semiflpating live axle can be removed after the
wheel has been pulled off.

The axle shafts in a three-quarter floating
axle (fig. 14-22) may be removed with the wheels,
which are keyed to the tapered outer endsof the
shafts, The inner ends of the shaits are carried
as in a semifloating axie. The axle housing,
instead of the shafts, carries the weight of the
vehicle because the wheels are supported by

WHEEL
AEARING

DIFFERENTIAL
HOUSING

AXLE HOUSING

WHEEL RiM BRANE DRUM

B1.201
Figure 14-22.~Three-quarter floating rear axle.

bearings on the outer ends of the housing. How-
ever, axle shafts must take the stresses caused
by the turning, skidding, and wobbling of the
wheels. Three-quarter floating axles are used
in some trucks but in very few passenger cars,
The full foating axle is used in most heavy
trucks. (See fig. 14-23). Theseaxle shafts maybe
removed and replaced without removing the
wheels or disturbing thedifferential. Each wheel
is carried on the end of the axle tube on two ball
bearings or roller bearings and the axle shafts
are not rigidly connected to the wheels. The
wheels are driven through a clutcharrangement
or flange on the ends of the axle shaft which is
bolted to the outside of the wheel hub. The bolted
connection between axle and wheel does not make
this assembly a true full floating axle, but never-
theless, it is called a floating axle. A true full
floating axle transmits only turning effort, or
torque.

OUTER DIFFEREMTIAL
WHEEL
BEARING BRAKE HOUSING

DRUM

AXLE HOUSING

WHEEL RiW

BEARING

681.202
Figure 14-23.=Full floating rear zxle.
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We have already studied several examples
of conmiplex machines in the preceding chapters
to learn how simple machinesand basic mechan-
isms are utilized in their design. The analog
computer, of the kind used in modern fire control
svstems, is a complex machine in every sense
of the word. We will not attempt in this book to
break down and analyze a complete computer.
We will, however, examine a few of the special
devices com.nonly used in computers. These
devices have cometobeknownasbasic computer
mechanisms. They are, however, quite complex
machines in themselves—as you'll suon agree.
Like the engine, the typewriter, and the other
machines we've studied, these mechanisms are
only combinations of simple machines cleverly
~ designed to do a specific kind of work. As before,
the watchword is Lock For theSimple Machines.

DIFFERENTIALS

The differentials used intheanalog computer
are gear differentials similar tothosedescribed
in chapter 11. They are different from ti:e auto-
mobile differential in that instead of receiving
a single input and delivering two cutputs, they
receive two inputs and combinethem into a single
output. Most of the differentials in a computer
are quite small, averaging about 2'* x 21/2"
in size, and are designed for light loads. Some
computers may have as many as 150 gear dif-
ferentials in their makeup.

Figure 135-1 illustrates the symbol used to
indicate the differential in schematic drawings.
The cross in the center representsthe spider.
The arrows pointing inward represent inputs,
and the arrow pointing outward is the output,

Figure 15-2 shows one of the many applica-
tions of the gear differential in a computer.
In this case, the differential is being used as an
intagral part of a followup control. Computing
mechanisms are not designed te drive heavy

CHAPTER 15
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loads. The outputs from such mechanisms often
merely control the action of servomotors. The
motors do the actual driving of the 10ads to be
handled. The device which makes it possible for
the comparatively weak output froma computing
mechanism to control the action of a servo-
motor is called a followup control, In this de-
vice, the differential is used to measure the
difference, or "error,'" in position between the
input and the output. The input is geared to one
side of the differential. The servo output isused
to do two things: (1) to position whatever mech-
anism is being handled, and {2)to drivethe other
side of the differential. This second operation
is known as the servo ‘‘response.’’

When there is a difference between the input
and the output, the spider of the differential
turns. As this happens, the spider shaft operates
a set of controls which control the action of the
servomotor in such a way that the motor drives
its side of the differential in a direction op-
posite to that taken by the input. That is, the
servo always drives to reduce thediffzrence, or
error, to Zero.

LINKAGES FOR ADDING
AND SUBTRACTING

Addition of two quantities is performed
in the linkage mechanism by means of adding
levers as shown in figure 15-3. In the example
two quantities, designated X and Y, are to be
added. Their values are represented by the
movements of the two slide bars. The adding
lever is pivoted at its center to another slide
bar, and its opposite ends are connectedthrough
links to the X and Y slides. To illustrate
the problem, scales showing the values of the
quantities represented by movements of slides
have been drawn in the figure, and index
marks are placed on the slides. The units
on the center scale are half as large as
those on the other two.
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12.87
Figure {5-1.—This isthe svmbol used to indicate
the differentical in schematic drawings.

If the ¥ slide is held in place and the X
slide is moved, the adding lever pivots about
its lower end. The center slide, which is
conttected to the midpoint of the lever then
moves half as far zs the X slide. If the X
movement is one umit, the ceater slide also
moves one unit since the units on the center
Brale are half as large as those on the X
scale, Bimiarly, movements of the Y slide
with the X slide held in place add one unit on
the center scale for each unit movement of

SGNAL COMES IN
wiTH

Y. At the left of figure 15-3, the parts are
shown in zero position, with the three index
marks apposite the zero points of the scales.
At the right, the X slide has been maoved ane
unit, and the Y slide has been moved three.

The center slide has traveled one unit in
response to the X-travel and three more in
response to the Y-travel, and so stands at a
reading of four. Similarly, for any position
of the X and Y slides, the reading on the
center scale represents the quantity X plus Y.

There are several variations of the adding
lever used in ecomputing linkage, but their
operating principles are the same.

MECHANICAL MULTIPLIERS

There are two basic types of mechanical
multipliers—those using rotary gearing and
those using linkages.

The rotary gearing type produces a selution
through the use of similar triangles. There are
four types of rotary multipliers in use—screw,
rack, sector, and cam. Since they all operate
in fundamentally the same manner, we will dis-
cuss the screw type multiplier and then compare
the other types to it.

INSUFFICEENT
POWER

115 A-C

CORTACTY
ASSEMBLY

SIGNAL GOESOUT
ON MOTOR SHAFT
WITH SERVO POWER

110.9

Figure 15-2.—Simplified sketch of a followup control showing application of a gear differential.
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Q12345

Adding {ever-w
0246810

Figure 15-3.—Adding lever.

The screw multiplier, shown in figure 15-4,
has two inputs and cone output. The inputs are
shaft values which position the input slide and
input rack. The output appears at the output rack
which positions the output shaft. Thus the output
shaft valye is always proportional tothe product
~of the two inputs.

One input gearing is connected to two long
-screws. These screws passthroughthethreaded
- sleeve-like ends of the slofted input slide. As
the input gears to the screws are rotated, the
two screws turn to move the slide to the left
or right. At the same time, the other input moves
:the input rack up or down, moving the slotted
;pivot arm around the staticpary pin.

DUTPUT RACK INPUT SLIDE NPLT RACK
MULTIPLIER PN
ouTeuT :
GEAR IMPUT GE4R
TO RACK
O
STATIOMARY INPUT GEA
PIVOT ARN R
ity y TO SCREW
SCREV
GROOVE
12,81

Flzure 15-4.~Screw type multiplier.

The multiplier pin is mounted in the slots
of the input slide, pivot arma, and output rack,
connecting all three where the slots cross.
As the multiplier pin moves the input stide and
pivot arm, it positions the cutput rack andgear.

Now, consider the multiplier in the zero
position shown in figure 15-5, [fonly the screws
are rotated, the input slide moves to the right;
but it will not affect the cutput rack. Similarly,
if only the input rack is moved up or down from
the zero position, the output rack will be un-
affected. This is a reasonable result, for any
number rmultiplied by zero is equal to zero.

From this we can conclude that both inputs
must be removed from the zero position for an
output. Such a condition is shown in figure
15-6. Notice the triangle superimposed on the
device. The value a represents the amount of
rack input. The value b represents the amount
of slide input. K is a fixed distance, since the
multiplier pin cannot move and the input rack
travels in a machined guide.

Because the angles are equal, the triangles
are similar. Thus the value of X can be deter-
mined if the other values are known.

ba

K

This equation shows that the output (X) is
always proportional to the product of the two
inputs. The constant value (K} ecan be com-
pensated for by the proper choice of input
and output gearing for the multiplier. These

(Actually, X =

ZERO LINE OF
INI'I.ITI SLIDE

MULTIFUER MN
OVER Sg'l.:‘lIDNA&‘I’

ZERO LINE OF
INFUT RACK

12,92
Figure 15-5,=Screw type multiplier-zero
position,
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12.93
Figure 15-6.—Screw type multiplier—
multiplying positive values.

multipliers can also determine the product of
negative values.

The rack type multiplier in figure 15-7
performs the same task as the screw type
‘multiplier. The d Herences are that (1) the
gcrew input has been replaced with an input
rack, and (2) the output rack is placed on the

~ same side as the second input rack.

_ The sector type, although different in con-
- atruction, also employes triangles for the multi-
plieation of the two inputs. A sector type multi-
pliey is shown in figure 1%-8. One input
positions the Input sector arm and the other
input turns a large screw that is mounted on
the input sector arm. The bevel gear turns this
lead screw through a universal joint. The use
of the universal joint permits the input to
drive the lead screw as the sector arm changes
its angular position. Notice that the lead screw
drives the multiplier pin up and down the
sector arm. Thus the position of the input
sector arm and the position of the multiplier
on the lead screw represents the two values
to e multiplied.

INPUT RACK —
NO. 2

MULNIFPLIER PIN

\mruma.z
) )outpur
4101

PIVOT ARM

STATIOMARY

PNt E |
Q
INPUT RACK 4
NO.1
INPUT NG

12.94
Figure 15-7.—Rack type multiplier.

A study of fipure 15-% along with figure
15-8 will reveal how the triangles are estab-
lished. While the sector type multiplier can
handle both positive and negative inputs on
the input sector arm, the input to the lead
screw must always be a positive quantity.

The cam computing multiplier is a dual
operation device. It computes a function of
one value on a cam and multiplies that function
by a second value, It is a combination of a cam
and a rack type multiplier.

QuTPUuT SECTOR

INPUT
GEAR

iNPOT
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CONNECTING
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AR
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12.95
Figure 15-8.—Sector type muitiplier.
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12.96
Figure 15-9.—Multiplving with the sector
type multiplier.

A single cam computing multiplier is shown in
figure 15-10. Notice it is like the rack type
multiplier excert that one of the inputs is
positioned by a cam instead of a rack. The cam
follower pin is mounted directly on the multi-
plier input slide. This cam may be cut to
compute any desired function of the cam input.

One input drives the input rack through the
rack input gear. The other input drives the cam

BRIDGE Ly 1iPLIER
Can PiN

GEAR
INPYT

INPUT

COMPUTING

CAM FOLLOWER FIN
= STATIDNARY PIN

12,97
Flgure 15-10.--5ingle cam computing multiplier.

IMPLUT
SLIDE

directly. The cam positions the input slide
according to the function for which the cam
was cut. Thus the cam output becomes the
slide input. The position of the output rack
represents a value which is proportional to
the product of the cam cutput and the rack
input, just as in the rack type multiplier.

A two-cam computing multiplier computes
the function of both inputs and mulfiplies these
functions together. The output is proportionalto
the product of the functions of the two inputs.

Linkage multipliers of the type described
here are used when cne of the factors is a con-
stant, as shown in figure 15-11. In this example
we want to transform a movement representing
the gquantity X into one representing 1.5X. One
end of the multiplying lever is pivoted on the fizxed
frame of the computer, asindicated bythe cross-
hatched circle in the figure.

The input and output links are connected to
the lever at different points, the connection of
the output link being 1.5 times 2s far from the
fixed pivot as the connection of the input link.
The two scales shown in figure 15-11 haveunits
of the same size; but because of the difference
in lever arms, each one-unit movement of the
input link moves the output link a unit and a half.
Then, if the input movement represents the
quantity X, the output represents 1.5X%,

In many cases the computing problem re-
quires the multiplication of twe variable quan-
tities. The multiplying levers shown in figure
15-11 cannot be used for this purpose. Figure
15-12 shows a linkage designed to multiply two
variables, X and Y. The levers AB and ED
are pivoted on the fixed structure and are
connected by links BC and CD, both of which
have exactly the same length as AB. The X
input is applied by a link connected at B. The
Y input is applied by a link connected at C;

15%=i2

12.98
Figure 15-11.—=Multiplying lever,
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12.96
Figure 15-9.—Multiplving with the sector
type multiplier.

A single cam computing multiplier is shown in
figure 15-10. Notice it is like the rack type
multiplier excert that one of the inputs is
positioned by a cam instead of a rack. The cam
follower pin is mounted directly on the multi-
plier input slide. This cam may be cut to
compute any desired function of the cam input.

One input drives the input rack through the
rack input gear. The other input drives the cam
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directly. The cam positions the input slide
according to the function for which the cam
was cut. Thus the cam output becomes the
slide input. The position of the output rack
represents a value which is proportional to
the product of the cam cutput and the rack
input, just as in the rack type multiplier.

A two-cam computing multiplier computes
the function of both inputs and mulfiplies these
functions together. The output is proportionalto
the product of the functions of the two inputs.

Linkage multipliers of the type described
here are used when cne of the factors is a con-
stant, as shown in figure 15-11. In this example
we want to transform a movement representing
the gquantity X into one representing 1.5X. One
end of the multiplying lever is pivoted on the fizxed
frame of the computer, asindicated bythe cross-
hatched circle in the figure.

The input and output links are connected to
the lever at different points, the connection of
the output link being 1.5 times 2s far from the
fixed pivot as the connection of the input link.
The two scales shown in figure 15-11 haveunits
of the same size; but because of the difference
in lever arms, each one-unit movement of the
input link moves the output link a unit and a half.
Then, if the input movement represents the
quantity X, the output represents 1.5X%,

In many cases the computing problem re-
quires the multiplication of twe variable quan-
tities. The multiplying levers shown in figure
15-11 cannot be used for this purpose. Figure
15-12 shows a linkage designed to multiply two
variables, X and Y. The levers AB and ED
are pivoted on the fixed structure and are
connected by links BC and CD, both of which
have exactly the same length as AB. The X
input is applied by a link connected at B. The
Y input is applied by a link connected at C;
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12.98
Figure 15-11.—=Multiplying lever,
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12.99
Figure 15-12.~Multiplying linkage.

and the output XY is taken off at D. In the
ysition of the links shown in figure 15-12, X
quals two units, ¥ equals two umits, and XY
quals four.

..'This type of linkage in the computer can be
operated in reverse to serve as a divider in-
stead of a nmultiplier. Two inputs are applied
the points corresponding to B and D in figure
5-12, The output taken off at C then represents
‘input at D divided by the input at B,
Component solvers are devices thatare used
in mechanical computers. The component solver
1takes a vector of a given magnitude and angular
position, and resolves it into its two rectangular
-components.

-~ There are several types of conmponeni solv-
ers. However, this discussion will be limited
to the screw type component solver. The device
consists of a vector gear, two racks, two output
gears, two input gears, and a serew and pin as.
sembly. The speed input geardriveaa geartrain
which causes the serew to turn. AS the serew
turns, it drives an assembly carrying the pin,
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thus changing the length of the vector which is
proportionzl to the input component, such as r
(slant range). (See figure 15-13.)

In this type of component solver the pin
can travel nearly the full width of the vector
gear. From the pin’s zero or center position
it can be moved in either of two directions,
which correspond to positive or negative.

The vector input gear drives the vectorgear
in the desired angular direetion indicating tar-
get position. The pin positions the racks as
it moves along the slot, thus resolving the
vector into its components.

An angle resolver is a linkage mechanism
which computes the sine and cosine of an angle.
Figure 15-14A shows an angle resolver con-
sisting of gear H with two crank pins M and N,
mounted 90°apart and equidistant from the center
of the gear. Attached to each crank pin is an
output link which transmits the horizontal com-
ponent of motion of the pin as the gear rotates.
The horizontal component of thedisplacement of
pin M is proportional to the sine of the angle
through which gear H rotates. The horizontal
component of pin N is proportional to the cosine
of the angle through which gear H rotates.

Figure 15-14B shows the resolver in its
zero position, with the radius OMperpendicular
to the horizontal center line and the radius ON
in the horizontal centsr line. Notice that link R
‘sine output) is at zero horizontal displacement,
and that link § (cosine output) is at maximum

QUTAUT

YECTOR GEAR

OUTPUT
GEAR

v IWPuT
YECTOR CEAN (v
INFUT
SCREW GEAR (@)
12.113

Figure 15-13.—8crew type component solver.
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horizontal disnlacement. If we rotated gear H
clockwise through an angle 307, link R would move
to the right and link S to the left along the hori-
zontal center line. The linear displacement of the
cutput links would be proportional tc the sine
and cosine function of the angle,

The outputs of the resglver of figure 15-14
are only approximate values. This is because
the output links are not aralleltothe horizontal
center line. The cutput links have a slight angu-
lar movement that must be compensated for to
eliminate distortion. This is accomplished by
additional gearing, and by making the pins M and
N eccentric.

integrators, as used in computers, perform
a special type of multiplication. In the disc-type
integrator, illustrated im figure 15-15, a con-
stantly changing value, such as time, is multi-
plied by a variable such as range rate, such as
range f{the rate that a target range is opening
or closing), the outputbeing a continuous value
of their product which can be accumulated as
shaft rotation.

The instrument consists of a flat circular
disc revolved at constant speed by a motor
equipped with a clock escapement; a carriage,
containing two balls driven by friction with the
surface of the disc, and themselves driving an
output roller; and suitable shafts and gears for
transmission of values to and from the unit.
Refation of the disc rotates the lower ball,
which turns the upper ball, and this in turn

HORIZONTAL
CENTER LINE

MAXIMUM
DISFLACEMENT

BISPLACEMENT
LINE

12.115
Figure 15-i4.—Basic linkage angle resolver.

rotates the output roller. Theballs are supported
in a movable carriage sothat the point of contact
between the lower ball and the disc can be
shifted along a diameter from the center of the
disc to either edge. Spring tension on the roller
provides sufficient pressure toprevent slipping.
Twno halle

ara 1cad to reduce thea cliding
uuuuu arg used 10 requece he s

iding
friction that results when only one is used.

The speed of roller rotationdepends uponthe
speed at which the balls rotate. If the carriage
is in the center of the disc, no motion is im-
parted to the roller. As the carriage is moved
off center, the balls will beginto rotate, and will
reach their maximun: speed at the edge of the
disc. The speed varies with the distance of the
carriage from the center. Values of rotation
on one side of center are considered positive,
while if the carriage is moved to the opposite
side, rotation will be in the opposite direction
and will give negative output values.

SUMMARY

Of the many existing complex machines to
choose from, you have been given omnly a few
examples to study. The operaticnal principles
of some of them inay have come to you quite
easily—others may have been a Lit harder to
grasp. In any case, if you’ll keep firmly in mind
the following points that have been brought out
in this book—ycu'll find all machines much
easier to analyze and understand.

A machine is any device that helps you do
work. It helps you by changing motion,
magnitude, or speed of the effort you
apply.

All machines consist of one or more of the
six basic, or simple machines. Theseare
the lever, the block and taclkle, the wheel
and axle, the inclined plane, the screw,
and gears.

When machines give a mechanical advantage
of more than one, they multiply the force
of your effort. When they give a mechan-
ical advantage of less than one, they mul-
tiply either the motion, or the speed of the
force you apply.

No machine is 100 percent efficient. Some of
your effort is always used to overcome
friction. You always do more work onthe
machine than it does on the load.

You can figure out how any complex machine
works by breaking it down into the simple
machines from which it is made, and
following the action through, stepby step.
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Figure 15-15.=The disc type integrator.
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Accurpulater, €7

Anchlior winch, 36, 38

Automobile valve gear, 36

Axles used in power trains, 148, 149

Balancing moments of force, 18
Ballast tank, 67, 66
Ball bearings, 71, T&
Barometer, 54-57
Bearings, ©69-73
Bendix-Weiss universal joint, 79
Bevel gear, 31
Bevel gear differential, 75
Bilock and tackle, 13-15, 41
applications afloat and ashore, 13
chain hoist, 15
flaghoist, 10
gun tackle, 11
Inif tackle, 11
luif upon uff, 13, 14
mechanical advantage, 10, 1%
runner, 10
yard and stay tackle, 13
Bourdon gage, 53
Brakes, 28, 63
friction, 28
hydraulic, 63
Breech, 16-inch gun, 7

Cams, 85
Cam and cam followers, 80-82
Cam-driven valve, 36
Cam shaft, 36
of a 4-stroke cycle engine, 127
Capstan bar, 17, 18
Chain heoist, 15
Chain stonper, 8
Clackwise moments of force, 1%
Cl“tches’ 339 36, 130“133
power *rain, 130-133
Combustion engines, 106-129
basic strokes, 108
classification of, 113
construction of, 115-129
auxiliary assemblies, 129
connecting rods, 123
crankcase, 117

crankshaft, 124
cylinder head, 117
engine cylinder block, 115
engine head, 126
exhaust manilold, 118
gaskets, 119
intake manifold, 118
moving parts, 118.129
piston assembly, 120
stationary parts, 115-119
timing gears, 128
valves and valve mechanisms, 126-128
vibration damper, 125
cycies, 109-112
development of power, 106
diesel engines, 114
gasoline engines, 114
multiple-cylinder engines, 112
one-cylinder engine, 106-112
Complex machines, 87-105
computer mechanisms, 150-157
fuel-oil-hateh cover, 87
porthole closer-blanket puller-upper,
87, 88
typewriter, 89-105
watertight door, 83 :
Computer mechanisms, 150-157
differantials, 150-151
linkages for adding ard subtracting,
150-156
adding lever, 152
angle resolver, 156
component solver, 155
integrators, 156
multipliers, 151-158
multiplying linkage, 155
screw type multipliers, 152
“'onstant mesh transmission, 136
Counterclockwise moments of foree, 19
Couple, 20
Couplings, 78-84
Crane, electric, 7
Curved lever arms, 5
Cylinders used in power trains, 131

Deep-sea diver, 60
Depth charge, 58
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Diesel engine, 106, 114
Differentials, gear, 144-148
Dogs, 7

Drill press, 9

Elecirie crane, 7
External combustion engine, 106, 107
External mesh gears, 35

Final drives, 142
Flaghoist, 10
Fluids, pressure exerted by, 52
Force and pressure, 30-57
force, measurement of, 50
pressure, measurement of, 50-356
barometers, 54-56
exerted by fluids, 52
gages, 53
manometer, 56
scales, 50, 51
Four-speed truck transmission, 133
Friction, 40, 42-45
Friction brake, 28
Fuel-oil-hateh cover, 87
Fulcrum, 17, 19-21

Gages used to measure pressure, 53
Gangplank, 24
Gasoline engine, 106, 114
Gear differential, 74-78, 144-148
used in automobiles and trucks, 144-148
. Gears, 30-38
anchor winch, 36, 38
automobile valve gear, 36
cam-driven valve, 36
cam shaft, 36
changing speed, 34
external mesh gears, 35
idler gear, 35
internal gear, 31
maynifving force with, 35
pinion gear, 30
rack and pinion as a steering
mechanism, 37
spur gear, 30
types of, 30-34
worm gears, 32
Gear trains, 128
Gun tackle, 11

Helical gears, 30
Herringbone gears, 31
Hooke joint, 79
Horsepower, 45-48
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Hydraulic machines, 62-68
advantages of, 63
brakes, 63
liquids in motion, 62
Pascal's law, 62
press, 64
steering with, 65
used on submarines, 66

Hydrauiic valve lifter, 127

Hydrostatic machines, 58-61

Idler gear, 35
Inciined plane, 23-26
applications afloat and ashore, 24
barrel role, 23
gangplank, 24
in spiral form, 26
ramp, 23
wedge, 23
Internal combustion engines, 106-129
basic strokes, 108
classification of, 113
construction of, 115-129
auxiliary assemblies, 129
connecting rods, 123
crankcase, 117
crankshaft, 124
cylinder head, 117
engine cylinder block, 115
engine head, 126
exhaus{ manifold, 118
gaskets, 119
intake manifold, 118
moving parts, 119-129
piston assembly, 120
stationary parts, 115-119
timing gears, 128

valves and valve mechanisms, 126-128

vibration damper, 125
Internal gear, 31

Jack, 41
Jack screw, 26, 27

Levers, 1.9
chain stopper, §
classes of, 2
curved lever arm, 5
dogs, T
drill press, 9
elecirie crane, 7
oars, 2
pelican hiock, B
wrecking bar, 7




BASIC MACHINES

Linkages, 78 Quadrant davit, 29
Luff tackle, 11

Rack and pinion, 37

Machine elements and basic mechanisms, Radial-thrust roller bearing, 71, 73
69-86 Ramp, 23
basic mechanisms, 74 Rigger's vise, 28
bearings, 69-73 Roller bearing, 71, T3
bail bearings, 73 Roller bitt, 43
cams, 80-82, 85 Runner, 10
and cam followers, 80-82
clutches, 82, 86 Scales, 50, 01
couplings, 78-84 Schrader gage, 53
gear differential, 74-78 Screw applications, 26-29
linkages, 78 friction brake, 28
radial-thrust roller bearing, 73 inclined plane in spiral form, 26
springs, 11-74 jack screw, 26, 27
types of, T4 mechanical advantage of, 29
universal ioints, 79-81 micrometer, 26
Manometer, 56 quadrant davit, 29
Micrometer, 27 rigger's vise, 28
Moment of force, 17, 20 turnbuckle, 28
Multiple-cylinder engines, 112 Sleeve coupling, T8
Spider gears, 76
QOars. 2 Spiral bevel gears, 144
Okiham coupling, 78, 80 Springs, T1-74
One-cylinder engine, 106 Spur gears, 30
Steam engine, 106
Pelican hook, 8 Synchromesh clutch, 138
Pinion gear, 30 Synchromesh transmission, 136
Pointer’'s handwheel, 21
Power, 46-57 Timing gears in engines, 128
calculation of, 46-48 Torpedo, 60
horsepower, 48 Torque, 17, 21, 22
motor, 48 wrench, 21
Prony brake, 48 Transfer cases, 140-142
Power takeoffs, 141 Truck transmission, 133
Power trains, 139-149 Turnbuckle, 28
axles, 148, 149 ‘Fypewriter, 89-105
clutch, 130-133 backspace, 96
differentials, 144-148 bell ringer, 102
final drives, 142-144 construction and operation, 90
joints, 142,145 escapement, 92
propeller shafi assemblies, 142 exiernal parts, 89
transfer cases, 140-142 line lock, 102
transmission, 133-139 line space, 103
Pressure and the deep sea pinicn stop slide, 103-105
diver, 60 ribkon drive, 93-96
Pressure, measurement oi, 50-56 =hift, 98, 101, 102
balances, 50, 52 sabulator, 86-98
barometers, 54-56 type bar, 93
exerted by fluids, 52
gages, 53 Universal joints, 79-81
manometer, 56
scales, 50, 51 Valve lifters, 127
Prony brake, 48 Valves and valve mechanisms, engine, 126-128
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Watertight door, 88 torque, 17, 21, 22

Wedge, 23 wrench, 21

Wheel and axle, 16-25 Work, friction, and efficiency, 39-45
balancing moments of force, 18 block and tackle, 41
capstan bar, 17, 18 friction, 42-45
clockwise moments of force, 19 jack, 41
counterclockwise moments of measurement of, 39-41

force, 19 roller bitt, 43

couple, 20 Worm and worm wheel, 32
fulcrum, 1%, i9, 20, 21 Worm gear, 32
mechanical advaniage, 16 Wrecking bar, 7
pointer 's hindwheel, 21
rotation, 17 Yard and stay tackle, 13
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' BASIC MACHINES
AND HOW THEY WORK

BUREAU OF NAVAL PERSONNEL

Covering thoroughly basic theory, ranging from the lever and inclined
plane up through basic computer mechanisms, this extraordinarily
clear book leaves nothing to be desired in its presentation. Nothing
more than the most elementary mathematics is required to follow it

Bepinning with the simplest of machines—the lever—the course pro-
ceeds with the discussion of the block and tackle (pulleys and hoists),
the wheel and axle, the inclined plane and the wedge, the screw, and
different types of gears (simple, spur, bevel, herringbone, spiral, worm,
etc.). A chapter on the coucept of work discusses the measurement of
work, [riction, and efhciency; this is [ollowed by investigations ol
power, lorce and pressure, explaining the vses ol scales, balances, gauges
and barometers. The fundamentals of hydrostatic and hydraulic ma-
chines (such as the hydraulic braking system and the hydraulic press)
are discussed in derail. The remaining chapters cover machine ele-
ments (bearings and springs), basic mechanisms (gear differential,
couplings. cam and cam followers, dutches). vomplex machines (water-
tight door, typewriter), the internal combustion engine (its components
and how it works), power trains (including explanations of various
transmission systems—synchromesh, auxiliary, etc.), and basic computer
mechanisms (linkages, multipliers, integrators, etc.).

Every concept is clearly defined and the discussions always build easily
from elementary theory to particmlar applications that are familiar to
anyone with the slightest interest in mechanics. lImportant coticepts,
machine companents and techniques are clearly illustrated in more
than 200 diagrams and drawings, crosssections that reveal inner work-
ings—all of these help to clarify even further an already clear and
well-organized presentation, Although it was originally designed for
use in US. Naval Training Schools. this book can be used to great
advantage as a basic text in mechanical engineering in standard techni-
cal schools, ard it will be immensely valnable ev:n 1o the layman who
desires a basic knowledge of machines.

Uniabridged republication of Navy Training Course NavPers 10624-A
(1965). 204 figures. Preface. Index. viii + 16Ipp. 615 x 934.
21709-4 Paperbound

A DOVER EDITION DESIGNED FOR YEARS OF USE!

We have made every effort to make this the best book possible. Our
paper is opaque, with minimal show-through; it will not discolor or
become brittle with age. Pages arc sewn in signatures, in the method
traditionally used for the best books, and will not drop out, as often
happens with paperbacks held together with glue. Books open flat for
easy relerence. The binding will not crack or split. This is a
permanent book.




