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Navy whosdq duties. require knowledge of the fundindqutals of machinery.

e enlisted mgen in the
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R THE UNITEB STATES NAVY
S GUARDIAN OF OUR COUNTRY

; ] Tha United StatesyMavy is raspﬂnsnble for mamtanning control of. the L]
i .7 ‘and is a ready fdrce on watch at home and overseas, capable of stron
' : ictiaﬂ tﬂ preserve. the peace or of mstant nﬂanswe achan tu wm m w;r

, Itis uﬁcﬁ the rrﬁmtenénc:a of this control that our cnuntry s Elﬂﬂcu
future depengs; the Llnn_ied States Navy exists to rn%e it 50.

P wssnvswufﬁﬁonm o

) Tradition, valor, aﬁd victory are the Navy's heritage from 'lhe past.' To
T thase may ba added ﬂadn;man. discipline, and vigilance as the watchwords
=t of the p esent and the futur : . {'

“At ht;me or on distant .statlg: we serve with pride, confident in the respect v
- of our coyritry, our hipmates, and our families. .

Our rasponsibilities sober us; our adversities sirengthen us. .

- . Service to God and Country is our special privilege. We serve with honor.’

¥ = =

THEFUTUREQFTHEHAVY |

" The Navy will slways employ new weapons, niw techmques :nd AN
greater power to protect and defend the Unlted States on the sea, under _ / f

the sed, and in the air. . - ) .ox
) . - . —

F
Now and in the future, control of the sea gives the Unhed States her j
areatest advantage for the maintenance of peace and for \llCthy in war. :

. L A
Mablhty. surpgse)dispersal, and offensive- power are the keyﬁgﬂes of - \a.
: . the new Navy, e roots of the Navy lie in a strong Belief in the sl /
b % tuture. in continued dedication to our tasks, .and in reflection on g}ur -
hemage from lhe past. ] - -
} .

Never havesour opportunities and our responsibilities been greater.
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- " YOUR HELPERS ‘

Shibe have evolved through the a

. crude rafts to the huge complex -cruisers and

It was a long stej
nother long step fmenx '
Y relatively small pull on.tlie handle produces a |

g carrlers of today’s N{vy.
- ‘from oars to sails, andy
_pailg to steam. With today’s modern nuclear-
'powered ships ancther tong step has beentaken.
. Eich'step in the progress of shipbuildinghasin-
- volved the use of more and more machines, until

today’s Navy menare specialistsin operating and

- maintaining machinery. TheBoatswainoperates.

*.the winches to hoist cargo and the anchor; the
.. men in the engine roonr operate pumps, valves,
" contral the -ship’g power; men in-the weapons
departmént pperate shell hoist, and rammers;
_-elegate and train thegunsand missile launchers;
the cooks operate mfXers anfl can openers; men
in the'CB rates drive trucks, operate cranes,
- sgraders, aﬁd‘,bulldozersiﬂ?’ fact it-is safe to
‘' gay.every, rate in the 'Why uses machinery
some time during the day’s work.

.y Each machine used aboard ship has made

the physical ofk load of the crew lightér. You
 don’t walk the eapstan to raise the anchor, or
“T’heave on a Mne toling cargo abpard.* Ma-
“\chirjes have ‘takens-over these jobs, and Have
lﬁmllﬁeﬁt *ahd made -countless others easier.
Michines .are your frtends. They have taken
Jmuch of, the' ﬁag_mw drudgery out.of a
sailor’s life.. Rédading Yhis book should lelp
‘you recognize and ‘understand the operations
of. m;ariy of the michifes you see about you.
. oo, s Y =
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\. As yoy Jook about’you, you probably ie
‘half a’ dozen machjned that you don’t mecognize
as such. Ordinarily you think of a_machiné
as. a complex "Qevide<a gasoline’ gngine or a
typewriter. They gre machines,
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. 7 LEVERS

ge’n\eratérasi'and other machines to producé and-

_over
which the load is raised; thus, the load mqves
, more slowly thanthe chain on which we pull.

2 :
\ MACHINE? )

oyt 80,is a.

.

fhammer; a screwdriver, a ship’s wheel, A

machine is- any device that helps you to do

the force or the dpeed of action. For example,
a claw hammer is a machine—you can use it to
apply 2 large force for pulling out a nail. A

“triuel greaterforce at-thé ciaws -

res from ? work. It may help by changing the amountof

We use machines to
For example, a generator ttansforms me-
chanical energy into electrical energy. We uge
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. o : .

Another use of machines is
FORCE. We use & system. of pulleys (a chain .
hoist for example) to lift a heavy 10ad. The
pulley system enables usg to raise the, load by
exertigg .a force which is ‘smaller than‘the
weight of the load. We must exert this forge

‘a greater distance than the height through

A machine enables us to gair foyce, but orly
at the expense of speed. ) St

. "Machines mhy also be used. to_M JLTIPLY

~SPEED. The best example of thisisthe bicycle,-

by which we.gain speed by
force. ~ T~ o
> Machines are also ueé
RECTION OF .A FORCE.
signdlmandg, halyard 'enables one end of the
ine)to exeért an upward force on a signal flag’
%sza downward force is exerted on the other
end ¥ _ -

{erting a greater

1 - 3
Thekre are only six, Slﬁmaehines—thg
LEVER, the BLOCK, the WHEEL and AXLE, the ¥
CLINED PLANE, the SCREW,-and the GEAR. '
However, physicists recognize that tHere are
only two basic principles in machined; n#mely,
the‘lever and th?ﬁgingd plane. The wheel and

o : -
«

1

TRANSFORM enérgy.

{to CHANGE THE D"
For example, the

% MULTIPLY

v

E



BASIC MACHINES
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-axle, the blﬁck and tackle, aﬁd geag-s may be
cungidered levers. The wedge and the screw’
use the principle of the inclinedgplane.

When you are familiar with the principles.
of these simple machines, you c¢an readily
understand the aperatiﬂn of complex machines.
Complex machines @re merel)
of two or more Simplg machines

=

]

&

The simplést machine, and perh
with which you are most fimiliar, isthe LEVER.’
A seasaw is a familiar example of a Yever in
which one waight balances the other.

There are three basic parts which yOUvWﬂl
“find in all levers; namely, the FULCRUM (F),
‘a farce or EFFC)RT (E), and a RESISTANCE

(R). ‘Look at the lever in figure 1-1. You see
the pivotal point F (fulcrum); the EFFORT (E)
which you apply at a distance A from the ful-
crum; and a resistance (R) which acts at-a dis-

tance a Trom the fulcrum Dlstances A and a
are the lever arms.

CLASSES OF LEVERS .
: The three classes of hevers are shown in
figure 1-2. The location of the fulerum (the
fixed or pivot point)!with. rglatich to the re-

gistance (or weight) and thes gffnrt determmes
- the lever class. '

¥
J

. First-Clasd Levers . .

In “the ‘first-class lever (fig. 1-2A),

53 the onée

the

fulerum s located between the effort apd*ﬁ‘ref

resigtance. A& mentioned ‘earlier,-the seesaw
is a good example'of the first- fla;—,s lever.

131.1

Figure 1-1.—A simple lever.

[ =]

registances witha rélatlvely small effort.

— ——

The ameunt of weight and the distance fmm:
the _fulerum can be varied to suit the’ need .
“Angthef good- example is the chrs in a' row-
hoat. Notice that the- sailor in igure 3 ap-

blies his e‘L@rt on the- handlés of the Da

"darlock acts as the fulcrum, and the water 35} .

combinatiqn& - 38 thﬁ resistance.o be ovetéome In this case,
_as in figure 1-1,%he force is‘plieﬂ on one side

nce to be over-
come is applied to the opposite side, hence this
is a first-clags lever! Crowbars, shearjs, and
pllers are common emmples of this clasg of »
lever. N K

. B \ xx .

+of the fulerum and the resi

-~

Second-Class Levers
\ .

%he semndﬁclass lever (fig. 1- ZB) jas the‘
fulcrump at one end; the effort:ig.appli d
other end. The resistance is somé}vh
tween these points. The wheelbarrow in figure
1-4 is a good example of a gecond-class lever.

If you apply 50 pounds of effort to the handles
of a wheelbarrow4 feet from the fulcrum (wheel),

_ ydu can lift 200 pounds of weight ¥ foot from the.
fulcrum. If the load were placed fartherback ;
away from the wheel, would itbe easier br hardgr '
teo llft? . s

Both first* and second- classplevers are
conimonly used to help in-overcoming bif

EY
-
»

[

FULCRUM
,J — e — S — Lt
S JAN
~ 1 %
EFFOAT . . WEIGHT .
*A. CLASS 1 LEVER .
. EFFORT,
FULCRUM - - f
& B o
WEIGHT L4
? B. CLA s 2 LEVER .
FULCRUM y . ) EFFORT )
\vi k) :
%4 - @
v b /
* ’ = _ o WEIGHT
A £. CLASS 3 LEVER
-1 B ] I,
o -5.30 , .

Figure 1-8.—Three classes of levers,

L 3 . R i
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Figure 1-3.—Oars are levers.

'Third-Class Levers

_ .There are occasions when you will want to
speed up the movement-of the registance 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 futerum is at one end of the lever-and the
weight or resistance to be overcome is at the

M »m

=
L

other end, with the effort applied at some point
between. You canilways spot third-classlevers
because you will find the effort.applied between

the fulecrum 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,
gince R covered a greater distance in the same
length of time. E '

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

131.4

Figur'eXLSiéA‘ third-class lever.



' BASIC MACHINES 4

. | 131.5
Figure 1-8.—Your arm is a lever.

which ties onto-your forearm about an inch be-
" low the elbow, applies the effort; and your hand
is the resistam:e located some 18 inches from
the fulcrum. In the split second it takes your
biceps ,muscle to contract. an inch, your hand
has moved through an 18-inch arc. You know
from experience that it takes a big pull at E to
overconmie a relatively small resistance at R.*
Just to remind yourself of this principle, try
closing a door by pushing on it about three
ors four inches from the hinges (fulcrum). The
moral is, you don’t use third-class levers to do
heavy jobs, you use them to gain speed.

" One convenient thing about machines is that

you can detérmine inadvancethe forces required

for their operation, as well as the forcesthey will
~ exert. Consider for'a moment the first-class
lever. Suppose youhaveanironbar,like the one
shown in figure 1-7. ‘This bar is 9 feet long,
and you. want to use it ‘to raise a 300-pound
crate off the deck while you slide a dolly under
the crate. But you can exert only 100 pounds
to lift the crate. S0 ybu place the fulcrum—a

wooden block—beneath one end of the bar, and |

force that end of the bar under the crate. Then
you push down on the other end of the bar.
After a few adjustments of the position of the
fulerum, you will find that your 100-pound force
-will just fit the crate when the fulerum is 2,
feet from center of the crate.

&; = i" T F

[y . 4 )

"E‘ig:ure ;f'?i!i'_déesi‘

_ _ + '
. Thte “leaves a- 6=foot tengthof bar-from-the——
filerum to the point where you’ push down.

‘The 8-foot portion is three times as long as the .
distance from the fulcrum to the center of the

crate. . But you lifted a load three times as
great as the force you applied—3 x 100 = 300
pounds. Here is an ‘indication of a direct
relationship between lengths of lever arms
and forces acting on those armas.

You can state this relationship in genéeral
terms by saying—the length of the effort arm
is the same number of times greater than the
length \95 the resistance arm as the resistance
to be overcome is greater than the affort you
must apply. Writing these words a3 a mathe-

- matical equation, it looks like this—

L_ER
1 E
in which,
L = length of effort arm.
1 =length of resistance arm.
R = resistance weight or force.
, E = effort force. :
Remember that all distances must bg in the
same uffts—such as feet, and all forces must

be in the same units—such as pounds.

Now take another prDblem and gsee how it
works out.
of a paint. can (fig 1- 8) with a 6-inch file
scraper, and. you know that the average force
holding the lid is 50 pounds. If the distance
from the edfe of the paint can to the edge of

l{()’ =
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Figure 1-8.—A first-class job.

b ¢
the cover is one inch, what force will you have
_ to apply on the end of the file scraper?
According to the formula:

Here L = 5 inches; 1 = 1 inch; R = 50pounds,

and E is unknown. -
Substitute the numbers intheir proper places,
“Then,

= | wn
|

and

o
o]
b

[y

. b

.E = 10 pounds

You will need to apply a force of only 10
,pounds.

The 'same general formula applies for-
econd-class levers. But you must be careful
’to measure the proper lengths of the effort arm
and the resistance arm. Looking back at the
wheelbarrow problem, assume that the length
, of the handles from the axle of the wheel—which
5, is the fulerum~to the grip is 4 feet. How long

is the effort arm? You’re right, it's 4 feet,
If the ‘center of the load of sand is 1 foot from

-

By-:substituting in the formula,

[ o -

[

a~

1]

H‘u V-

501b. ‘

==

=

‘Now. for the third-class lever. With one
hand, youlifta projectile weighing approximately
10 pounds. If your biceps muscle attaches to
your forearm 1 inch below your elbow, and the
distance from the elbow to the palm of your.
hand is 18 inches, what pull must your muscle

exert -in order- to ho;\d the. projectile and flex

your arm at the elbow?
. By substituting in the formula,

=]

1(

R
f;

,II: it becomes

- *

it

el=

180 1b{

and E =18x10

Your muscle 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 pretty tough.

‘But remember, third-class levers are used

primarity”fo speed up the motion of the re-
sistance. '

Curved Lever Arms ’ .

Up to this point you have been looking at .
levers with straight arms. In every case, the,
direction in which the resistance acts is parallel
to the direction in which the effort is exerted.
However, all levers are not straight. You'llneed
to learn to recognize all types of levers, and to
understand their operation. R

Look at figure 1-9. You may wonder how to -
measure the length of the effort arm, which is
represented by the curved pumip handle. Youdo
not measure around the curve—you still use a
straight-line distance. To determige the length
of the effortarm, drawa straight line AB threugh
the point where the effort is-applied and in the
direction that it is applied. From.point E.on
this line, draw a second line EF that passes
through the fulerum and is. perpendicular: to
line AB. The length of the line EF is the~
agtual length L of the effort arm. -

1]

ko "-’“ : Hy 2T . " B e - -
i ' Chapter1—LEVERS . -
R Y. the axle, then the length of the resistance arm i
5t . imlfoot. -~ ooy

&
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. . 4, Emressing the same idea in mathemntical
o s terms, _
’ MECHANICAT. ADVA] +r. RESISTANCE. -,
. MECHANICAL ADVANTAGE = “grggpm-— '
- or - R ‘
Thus in the cask of the wheelbarrow,
-200 _
MA.=55=4. |

¥

+ Figure 1-9.—A curved levei‘ arm.
SN _

.. To find the length of the resistance arm
usge 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 line, draw a line RF per-
pendicular to MN aso that it passes through.
the fulcrum The length of RF is the length

1 of the Tésistance arm. v

. Regardless of the curvature of the handle,
this method can be used to find the lengths L
and 1. . Then curved levers are solved just like
'atraight levers. .

MECHANICAL ADVANTAGE

There is another thing about first-class and
second-class levers that you have probably
noticed by now. Since they can be used to
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 force than the force
of the load you lift;

In the wheelbarrow problem, you saw that a
SD—'peund p"uiL actually overcame the 200-pound

The sailor’s effort was®
: magnifled fc:ur times 80 you may say that the
mechsmgal advantage of the wheelbarrow is

- ik . L8

‘in order-to

.This rule applies to all maéhines

Mechanical ad'vantagé of levers may alst:«her , 

found- by dividing the langth of the ¢
by the length of the resistance arm a. Stated. as
a formula, this reads:

EFFORT ARM

MECHANICAL ADVANTAGE=RESIST ANCE ARG
ok _A
M. A =3

_ How dges tHiis apply to third-classlevers?
Your muscle pulls with a force of 1,800 pounds

¥t a 100-pound projectile. So you

have a methanical advantage-of i%gg' %!
which is fragtional—less than 1, ™7

or

SUMMARY |___

Now for a brief summary of levers.
Levers are machines because they help you
to do yeur work. They help by changing the

size, 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 " resistaiice is
overcome, and where the fulérum is located.

First-class levers have the effort and the
resistance on opposite sides ‘of the fulcrum,
and effort 'and resistance move in opposite
directions. r

Second-class levers have the effort and
the resistance on the game side of the fulcrum
but the effort is farther from the fulcrum than
is the resistance. Eoth effort and resistance
move in the same direction.

12






Chapter 1=

g _Third-class levers have the effort applied
n the same side of the fulcrum as the resist-
ance, but the effort is applied between the re-
sistance 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. ‘
class- and third-class levers can be used to

magnify the distance and_the speed of th& effort=

exerted, and to dectease its magnitude,
The same general formula applies to all
three types of levers:

g
el

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

¥

M. A. =

[al !

APPLICATIONS AFLOAT
AND ASHORE

Doors aboard a ship are locked shut by lugs
called dogs. Figure 1-10 shows vou how these
dogs are used to secure the door. If the
handle is four times as long as the lug, that
50-pound heave of yours is multiplied to 200
pounds against the slanting face of the wedge.
Incidentally, take a logk at that wedge~it’s an
inclined plane, and it multiplies the 200-pound

Figure 1-10.~1t’s a dog.

First- -

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’ is one use of a first-class lever, in
combination with an inclined plane. - —_—

The breech of a big gun is closed with a
breech plug. Figure 1=}1 shows you that this
plug has-some 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. Fhe plug is locked
and unlocked by the operating lever. Notice
that the connecting ‘rod is secured to the
cperating leyer a few inches from e fulerum.
Youw'll see/sthat,this is an application of g
second-class lever! ) ~
You know that the plug is in there good and
tight. But, with a mechanical advantage of
ten, your 100-pound pull’ on the handle will
twist the plug loose with a force of a half- -
ton. ‘

If vou'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.

relatively light loads around a warehouse or a
dock. You can see that the crane is rigged as
a third-class lever. The effort is applied be-
tween the fulcrum and the load. This gives a
mechanical advantage of less than one. If 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? Use. the formula, and figure
it out— '

L
I

= h jaa]

Got the answer? Right—E=1,333 1b.
Now, because the cable is pulling at an angle
of about 22° at E, you canuse some trigonometry
to find 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 light, and
speed is important, it is a practical and use-
ful machine. &
Anchors are usually housed in thehawsepipe
and secured by a chain stopper. The chain
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s —
OPERATING
LEVER—"

CONNECTING ROD

" oo : 80.213:.214
Figure 1-11.—An 8-inchers breech.

[

4]
stopper consists of a short length of chain con-
taining a turnbuckle and a pelican hook. When
you secure one end of the stopper to a pad eye
in the deck and lock the pelican hook over the

e ‘ Figure 1-14A gives you the details of the
% \ . . L -
. . : - pelican hook.
| f L Figure 1-14B shows the ‘chain-stopper as a
A . - . whole. Notice that the load is applied close

131.8 o 131.9
Figure 1-12.—-Using a wrecking bar. Figure 1-13.=An electric crane.

1¢




* =

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
gecure, exerts its force at a considerable dis-
tance A from the fulcrum. If the chain rests
against the hook one inch from the fulcrum,
and the bale shackle is holding the hook closged
12 +1 =13 inches from the fulcrum, what’s
. the mechanical-advantage? It’s 13. A strain of
only 1,000 pounds on the base shackle can hold
the hook closed when a 6 1/2-ton anchor is
dangling over the ship’s side. You'll recognize

' Chapter 1=LEVERS

the pelican hook as a second-class lever with-

'Eurveé—a{msg

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
on 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

two- How would you increase the mechanical
advantage if you were using this rig? Right.:

* You move the drill in closger 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.



- BLOCK AND TACKLE
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Blacks—puueys to a landlubber-sare simple
well 'as 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 E%SECI the piano safely to the
sidewalk’ with a m‘ystermus arrangement aof
blocks and ropes, Or perhaps you’ve been in
the country and watched the farmer useablock-
and-tackle to put hay 1nabarn Since old Dobbin
or the tractor did the h.aullngi there wasno need
for a fancy arrangement. of ropes and blocks.
Incidentally, youdl often hear the rope ortackle
;;HEd the fall. EIDJZR and-tackle, or block-and-

11 '

make some of your wark easier. Learn the
names of the parts of a blaek. Figure 2-1 will
give you a good start on this. Look at the single
block and see some thhe ways youcan use it. If
you lash a single block to a fixed ebject—an
overhead, a yardarm,; or a bulkhgad—you give
yourself the advantage of being ablye topull from
a dfonvenient directtgn For example, in figure
2-2 you haul up a ﬂag hoist, but you really pull
down. You candothisby havmg gingle sheaved
block made fast to the yardarm. This makes it
possible for you to stand in a coiiienient przce

would have to gmaloft draggmg the flag hmst
behind ygu ’

MECHANICAL ADVANTAGE

[ ]

With a single fixed sheave, the force of your
down-pull on the fall must be ;qual tothe weight
of the object being hoisted#¥pu can’t use this
rig t(:l-.llft aheavy lcxad or resistance w1th a s8N all

pull

10

CHAPTER 2

A single fixed block is really a first-class
lever with equalarms. 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 one pound, you raise a load of one
pound at B. A single fixed block does not m@mﬁr
force nor speed.

You can, however, use a smgle block-a,nd—
fall to magnify the force you exert. Notice,
figure 2-4 that the block is not fixed fand that tl:%
fall is doubled as it supports the 200-pound cask.
When rigged this way, a single block-and-fall is
called a runner. Eachhalfofthefall 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

SWALLOW ~,
{EI14ER FAGE)
SHEAVE -STRAP .
PIN
BREECH: — SHELL-
3 {ENTIRE OUTER
PART)
Figure 2-1.—Look it over.

-

L8
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9.112
Figure 2-2.—A flag hoist.

mechanical advantage is two. Check this by the
formula:

R EOD, or 2.

M. A. E - 100

The single movable block in’ this setup is
really a second-class 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,
thejoadat R is'raised only onefoot. 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.

thaf the load is raised. However, if you can lift
a big load with a small effort, you donft care
how much rope you have to pull. | .

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

You can arrange blocks in a number of ways,
ical advantage you want to get. For example, a
1uff tackle cofisists 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 supports itg share—
200 pounds. Ifthere’sa pullof 200 pounds dowhy
ward on rope B, you will have to pull downwp

"depending on the job to be done andthe mechan-

]7 ] L
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“a ‘winch, The winch could take it, but the rope_ Q
~ couldn’t. .
Now for a review Df the points you have -~
learned about blo¢ks, and then to some pract;pgl
applications aboard Shlps
With a single fixed block the only advantageis
the change of direétion of thepull. The ‘iechan—
ical advantage i3 still one. . ip .
A single movable block gwes a meé)ﬁamcal
advantage of 1 fwo

tages

with a force of 200 pounds on A to counterbalance
the pull onB. Neglecting the frictionin the block, .
4 a pull of 200 pounds is all that'is necessary to
' raise thg crate. The mechggicai advantage is:

YL AL = B2 800

E T 200

Here'sa goad tip. Ifygu count the number
#  the parts of rope going to and from the. movable
bloek, you can figure thé mechanical advantage
at a glance This simple rule w111 help yau ta

3

of mogt tackles you see in the Navy

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

If youcan secure the dead end of the fall to the
movablg block, theadvantage isincreased by one. -
Notice th Jt‘lﬁs is done in figure 2-7, Thatisa
gocx:i pﬂint to remember Don’t fprget either
factor in any tat:k.le Be sure yc:ur fall will carry .
the load. There i85 no point in rigging a six-fold . : &
purcﬁase which carries a 5-ton .load with two : 29.187

- triple blocks on a 3-inch manila rope attachedto Figure 2-5.—It's 2to 1

N T

12

. S olg
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' r PR . - j’
-, - = y SWing 1t oﬂt«:the deck, or to shift anyél@ad a ShQI‘t -~
‘ ' T distance. Figure 2- 9 shows you how. the load is -
— v first picked up by the yard tackle., The stay
‘ i}‘ ’ tackle is left slack. After the load is raisedto .-
! the height necessary to clear obstructions, ycm
take up on the stay tackle, and éase bff on the

L
s yard fall, A glance at the rig tells you that.the
- » mechanfcal advantage of each Of these tackles
) is only two. Youmay think that it-isn’t worth they
s . ‘t;rcnuble to"rig a‘yard jnd stay tackle’ wlth that
- small;advantage just td{move a 400-ppurid crate,
) along the deck. However, a few minutes spent
'in rigging may save many unpléasart hours with " -
. 7 3 sprained back.
® _ # 1f you want a high mechanical advantage, a
quff upon luffisagood rig for you. *You can raise
x _ heavy loads with this r;etup Figure 2-10 shows
- © you, how it is rigged. If you apply the rule byt
o ¢h you count the parts of thefall going to gnd
. < 'frdim.the movable blocks, you find that block A
. ives]a mechanical advantage of 3 to1, Block B
hilE féur parts of fall running to and from it, a
* N
T . _ . 5 . .
- )} T _ ) M
y ' : o £ §:,; - - % =
: - A 20 187 ¢ _ .
Figu ZﬁS.LaA gun tackle, =~ .
A general rule of thumb isthat the number of !
the partsofthe fallgoing toand fromghe movable
block tells you the%pprammate r&pchamcql ad- 4
vantage of that tackle. v .
If you fix the dead end of the fall to thesmov=
able blockyouincrease the mer‘hamt‘al advantage
by one.
N ‘ o . B /
APPLICATIONS AFLOAT AND ASHORE , P

Blocks and tackde are used for a great num- ; SR " \ ‘
ber of lifting and moving jobs afloat andashore. o :
The five or six basic combinationsareusedover ’
and over again in many situations. Cargo is ' _\
loaded aboard, depth charges are placed intheir ’ - C
racks, life bOatE are lowered over the side by.
the usé of this machine. Heavy machinery, guns, T N . L
and gun miounts are swung into position with the, [ R
aid of blocks and tackle. In a thousand situa- )_ o — , j\!
tions, bluejackets fmd this machine useful and : ] = kb . )
efficient .

Yard and stay tackles are used on shipboard : : . 29,187
when you want to pick up a load from the hold and Figure 2-7.—A lufffackle. ’
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;’éure 2-9.~A yafd and stay tackle. o
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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 you have a 100-pound

‘pull raising a 1,200-pound load. That's a

mechanical advantage of 12. ’

In shopsé ashore and aboard ship you are
almost certain to run into a chain hoist, or
differenfial pulley. Ordinarily, these hoistsare
.uspended from overhedd trolleys,; and areused
to lift heavy objects and move them from one
part of the shop to another. e ;

i A %
b

e
P [
b
N
L™

i

- s _ ' ©20.187 w0
y Figure 2-8.—Some other tackles. [

L8 E .

., mechanical advantage of 4 to 1. The mechanical N
advantage of those obtained from Ais multiplied
four times in B, The.overall mechanical advan-

“tage_ of a luff upon luff is the product of the two
mechanical advantages—or 12.

Don’t make the mistake of adding mechanical
advantages. Always multiply them,

You. can easily figure outthe 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 ;Dundsi If part 3:has

pull of 400 pounds on it, part 4 which is made

fast to block B, also has 2,400-pound pull on it.

There are four parts of the second fall going to ) :

and from block B, and each of these takes an i Figure 2-10.—Luff upon luff.

¢

29.187
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To hdp you to urmlerstand thg'operatmn of a
chain hoist, look at the one in ‘figure 2hi1,
sume that you grasp the dham at E and pull unt11
the‘large theel A has turned around once. “Then
the distan e&nrcugh whmh ygur effort Qas mmved
e
‘2-R. How much Wil the ltj*Irer fﬁeel c and its
“1load b€ raised? :Since wheel C is a single mov-
able bioék 1ts canter w111 bE ralsecl Dnly one-

distance rrE Hnwever the smallgr-wheel E.
which is rigidly fixed'to A, makesone révolutmn

As-,

to the difference %etwgen the two, or (WR-TI‘{:

- 1c"11 Edvqntage

*Don’t worry about the sizeof the movable pulley,

C. It doesn’t enter into these calculations.
Usualﬁr ‘lt%' dla:r‘leter isbetween that of Aapd that
Df B. : : \

S The fnechanical advantagelquals the distance

through which the effort E is/mgved, divided by
the distance that the load is moved. This is
-called the velocity ratio, or theoretical mechan-,
It is théf)retu:al because the

1(:*«11 parts is left nut In practlcal uses ‘all

at the same time as A thjes 50 B will, fe,ed- some > moving parts have fI‘lf‘tlﬂnal resistance.

chain down to C. The ‘length of. t@mhnn fed
down w111 be equal to the circumfarence of B,
or 2rr. Again, since C is single movable blm:k
the downward movement of its center will be
equal to only one-half the length of the chain fed

tO it, or r s

Df course, C does rmt first move up a dis-
ﬂ’R *md then move dnwn a distance =1,
*d is equal

UPs2TIR ———>
N = ‘m":'

«— DOWN=2

- 29.187
Figure 2-11.—A chain hoist. '

N
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" romes small..

The equation-for theoretieal mechamcal ad-
vantage may be written—

Theoretmal mecham;’il ﬂdvant‘lge

Dlatam:e effort mioyes
Distance res@tance mov‘{as =

[N

and in this case,

\II"J\

R

2R

ir (R

T, M.A. = =

T

.=

If A iga l.g,rge wheel andBis a little small
the value-of 2R becumes large and (Ear)be—
*Then vou havealarge number for

9
(;R—E—j whujl 15 the theoretical mechamcal ad;
v.mt age.

You can hft heavv loads with chaind thStb To
‘z1ve you an.idea of the mechanieal advantageof a
c:imin hoist, suppose the large wheelhasa radius
R of 6 inches and the smaller wheela radius r of
5 3/4 inches, What theoretical mechanical ad-
vantage would you get? Use thé formula—

T M. A. -
M. A R=r

" Then substitute the numbers in their proper

places, and solve~
12

T 14

48

il

ible tagéis
nnt as hlgh f{‘a the thenretwal merhan ]l ad-
vantage would lead you to believe. For example,

"that theoretical mechanical advantage of 48tells

you that with a one-pound pull you should be able
to lift a 48-pound load. However, actually your
one-pound pull mlgl'rt only 1ift a ZD pound load.
The rest of your effort would be used in over-
coming the friction.

e

)
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Have you ever tried to open a’door when the ‘“which can be overcome can be found from the
knob was missing? If you have, you know that +formula—
trying to twist that small four-dided shaft with v
your fijgers is tough work. Thatgivesyou some : ’
appreciation of the advantage you-get by using
a knob. The door knob isanexample of a simple - .

. machine called a wheel and axle. In which~ - ) ‘e -

e
o
C

= radius of the circle through which thé

i

The steering wheel on an automobile, the

handle of an ice cream freezer, a brace and handle turns,
bit—these are familiar examples of this type » 1 = one-half the width of the edge of the
of simple machine. As you know from your ‘gerewdriver blade,

experience with these devices, the wheel and R = force of the resistance offered by the
axle is commonly used to multiply the force gcrew,

you exert. If 3 screwdriver .w 1’t do a job E = force of effort applied on the handle.
because you can’t turn it, you stick a screw- ) :
driver bit ‘in jhe chuck of a, brace and the Substituting in the formula; and solving:
gcrew probably goes in with little difficulty. '

Sl

There’s one thing you’ll want to get straight 7 fﬁ =
right gt the beginning. The wheel-and-axle. -~
hife consists of a wheel or crank rigidlyy )
attached to the axle, which turns with the™ R
wheel. Thus, the front wheel of an automobile
{s nbt a wheel-and-axle machine because the
axle/does not turn with the wheel..

0

o
e

1
4

5x x4

200 1b.

MECHANICAL ADVANTAGE This:means that the screwdriver blade will

tend to turn the screw with a force of 200
pounds. The relationship betwee thre radit or
How does the wheel-and-axle arrangement the diameters, or the circumferences of the
help to magnify the force you exert? Suppose wheel and axle tells you how great a mechanical
you uge a screwdriver bit in a brace to drive advantage you can get.
a stubborn screw. Look at figure 3-1A. Your )
effort is applied on the handle which moves in Take another situation. The old oaken
a circular path, the radius of which is 5 inches. bucket, figure 3-2, was raiged by a wheel-and-
If you apply a 10-pound force on the handle, aXle arrangement. If the distance from the
how big a forcge will be exerted againgt the re- center of the axle to the handle is 8 inches,
gigtance at the screw? Assume the radius of and the radius of the drum around which the
the screwdriver blade is 1/4 inch. You are rope is wound is 2 inches, then you havea
really using the braceas a gecond-classlever— theoretical “mechanical advantage of 4. That’s
see figure 3-1B, The size of the resistance why they used these rigs.

C ; .16 29
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= A ! . L4

TOP VIEW OF A

B

44.20
Figure 3-1.—It magnifies your effort.

In a number of situations g,gﬁ can use the
wheel-and-axle. to speed up motion. The rear-
wheel sprocket of a bike, along with the rear
wheel itself, is an example. When you are
pedaling, the sprocket is fixed to the wheel, S0
the combination is a true wheel-and-axle ma-
chine. Assume that the sprocket has a cir-
cumference of 8 inches, and the wheel cir-

_cumference is 80 inches. If you turn the
-* gprocket at a*rate of one revolution per second,
“.each sprocketg{ooth moves at a speed of 8

4 . inches per sedgnd. Since the wheel makes one

o -érevolutiongfor each revolution made by the

sprocket, any point on the tire must move
through a distance of 80 inches in one gecond.
So, for every eight-inch movement of a point
on theé sprocket, you have moved a correspond-
ing point on the wheel through 80 inches.

Since a complete revolution of the sprocket
and wheel requires only one second, the speed
of a point on the circumference of the wheel is
80 inches per second, o 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 thegame.)

12

' . : 131.11
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
other machines. You probably have noticed that
the force you apply to a lever tends to turn or
rotate it about the fuleruin? You also know that
a heave on a fall 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 use a lever, or a wheel and axle,
your effort on the levet arm or the rim of the
wheel tends to cause a rotation about the ful-
crlm or the axle in one direction or another.
If the rotation occurs: iathé same direction as
the hands of a clg€k, that direction is called
clockwise. If tygrgtatian occurs in the op-
posite directiop” fgom that of the hands of a
clock, the directiofof rotationis called counter-
clockwise. A glance at figure 3-3 will make
clear the meaning of these termas.

You havé-already seen that the result of a
force acting on the handle of the carpenter’s
brace depends not only on the amount of that
force but also on the distance from the handle
to the center.of rotationgFrom here on yow'll
know this result as a moment of force, or a
torque (pronounced tork). Moment of force and
gque have the same meaning. :

Look at the effect of counterclockwise move-
ment of the capstan bar in figure 3-4. Here the -
amount of the effort is designated E; and the
distance from the point where this force is

o

logh



fw

" BASIC MACHINES .

S .

s

GLOGKWISE
ROTATION

COUNTERGLOGKWISE
ROTATION
131.12
Figure 3-3.—Directions of rotation.

. applied to the center of the axle is Ljy. Then
Ej 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 point of ap-
plication of effort to the center of theaxle. Or-
dinarily, the distance is measuréd in feet and
the applied force is measured in po'inds.

- ——
Therefore, moments of force are generaily
measured in foot- poundsaabbrewated ft-1b," A
moment of force is frequently called a moment.
By using a longer capstan bar, thebluejacket
in figure 3- 4’ can increase the effectweness of
his push without making a bigger effort. But
if he applied his effort closer to the head of the

‘capstan and used the same force, the moment

of force would be’ less,

BALANCING MOMENTS -

You know that the bluejacket in figure 3-4

would land flat on his face if the am:ht‘)r hawser
snapped. But just as long as nothing breaks,
he - must continue to push on the capstan bar.
He is workmg against a clockwise moment- of
force “which 'is equal in magnitude-but opposite
in dlrectmn to his counterclockwise moment of
force. The resisting moment like the effort
moment, depends on two. factors. In the case
of the remstmg momenf, these factors are the
force Ro with which the ‘anchor pulls on the
hawser, and the dlstam:e Lg from the center of

RN

131.13
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ijackgt let go of the capstan bar.

¥ * A ,\\ "

L]

the capstén to its rim. The existence of this-

resigting force would be evident if the blue-
. The weight
of the anchor pulling on the ecapstan would cause

the whole works to spin rapidly in a clockwise

direction—and good-bye anchor! The principle
involved here is that whenever the counterclock-
wise -and the clock’mse moments le force are
speecrimc’)’r remams at rest

. This idea of the balance of- moments of fQI‘EE

aq;an be summed up by the expressmn—

\
\ "

CLOCKWISE MOMENTS =
COUNTERCLOCKWISE MOMENTS

And, since a moment of force is the product
‘of the amount of the force timesthedistance the
force acts ,from the ‘center of rotation, this
expression of equality may be written—

EyxLy =Eyx1L,

In.which—
El fDrcE of effort,
L1 = digtance from fulerum or axle to point
where force is applied,
EE; force of resistance,
LE’ = digtance from fulerum or centerofaxle

to the point where resistance isapplied.

EXAMPLE 1

Put this formula to work un a capstan prob-
lem. A single capstan bar is gripped 5 feet from
the center of a capstan head with a radius of
one foot. Ar1/2-ton anchor is to be lifted. How
big a push does the sailor have to exert?

First, write down the formula~

.

Here L1=5; EZ 1, ,000 pounds; and Ly =1.
Substitute these values in the fc;)rmula and it
Beeomes:

EI;{S =1,000x1
and—

El ~ l%g = 200 pounds
EXAMPLE 2

Consider now the sad case of 5lim and Sam,
as illustrated in figure 3-5. Slim has suggested
that they carry the 300-pound craie siung on a

19

load moment.

131.14

handy 10-foot pole. He was smart enough to
slide the load up 3 feet from 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-pound load. That
load is five feet away from Slim’s shoulder.
If Ry is theload, and L thedistance from Slim’s
shoulder to the load, the, clockwise moment
MA is— -

’A Rlel

Wlth Shm s shaulder still af-ting as the ful—

= 300 % 5 = 1,500 ft-Ib.

caunterclockwme mornent ME actmg agamst the
Th’\s counterclockwise -moment
is equal t6 Sam’s effort E, times the distance
L3 from his shoulder to Zthe fulerum Fl at
Slim’s shoulder. Since LE 8 ft.,
is—

M, =E_xL 8E

B 72773 2
But there is no rotation, so the clockwise

ingB =

the formulaf

moment and the counterclockwise moment are,

equal. MA = ME Hence—

1,500 = 8E,
E, = 22300 = 187.5 pounds.

So poor Sam is carrying 187.5 pounds of the
300-pound load. Y

25
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What is Slim carrying? The difference be-
twesn_ 300 and 187.5 = 112.5 pounds, of course!
But yoi can check your answer by this pro-
cedure s

This time,,use Sam’s shoulder as the ful—

crum F The counterclockwise moment M
equal to%he 300-poundload R, times the dl.‘:t’lllc
L,—3 feet—from Sam’s shoulder, or M, 300x 3=
900 foot-pounds. The clockwise moment Mg is

the résult Df 511m s lift El ;u:'tm;Lr at a chc;t.:fm e

Counterclockmse mnnwnt equala (‘l(‘lLleqH
moment, you have—

900 = El x 8
and El = % = 112.5 pounts

Slim, the smart sailor, has to lift only 112.5
pounds. There s a blue ]ul{ef who really pu 5
his knowledge to work.

HE COUPLE

Take a-look at figure 3-6 5 another
capstan-turning situation. To ‘-m:’e effective
effort, a second capstan bar is.plitad opposite
the first and another bluejacket can apply a
force on the second bar, The two sailors in

figure 3-6 will apparently be pushing in op-
posite directions. bBut, since they are on op-
posite sides of the axle they are actually
causing rotation in the same direction. And,
if the two sailors are
forces, the moment of force is twice as great
as tho'utrh nnlv one sailar was 'pu&,hing This

Ynu w111 see that the guuple is a apéma"l
example of the wheel ard axle. The moment
of force is equal to the product of the total
distances Lo between the two points of effort
and the force El applied by one sailor. The
equation for the couple may be written

E1 LT = Ezf{L2

SUMMARY

Hereis a quic klevww of the wheel and axle—
things vou should have straight in your mind—

A wheel-and-axle machline has the wheel
fixed rigidly to the The wheel and the
axle turn together.

The wheel and axle may be used either to
magnify vour effort or to speed it up.

The effect of a force tending to rotate an
object around an axis or fulcrum is called a
momnent of foree, or simply a moment.

axle.

H

[
[
s
M
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g |

Figure 3-6.—A cuuple.
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When an object is at rest or is moving take hold.of the handle as a point on the rim.

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 thedistance
from the fulcrum or‘axis to the point where the
force is applied. :

When. two equal forces are applied at equal
distances on opposite sidea of a'fulecrum, and
move in'opposite directions so that they both
tend to cause rotation about the fulcrum, you
have a couple. '

APPLICATIONS AFIpAT AND ASHORE
A trip to the engine room makes you realize
_how important the wheel 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.
One common type of valve is shown in figure
3.7. Turnlng the wheel causes the threaded
gtem to rise and open the valve. Since the valve
musgt close water-tight, air-tight, or steam-
tight, 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 nut. Actually, a wrench is a wheel-
and-axle machine. You can consider the handle
as one spoke of a wheel, andtheplace where you

Figure 3-7.—~Valves.

can he 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 several types. Figure 3-8 showsyou
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
of force, that you are exerting. The scale is
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 numbers§Q on "
the scale. The servicing or repair manual on

' indicates on the scale the torque, or moment

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 tglevate and
depress the gun barrel. He cranRs“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° apart. Look atfigure
3-9. When he pulls on one handleand pushes on
the other, he’s producing a couple. But if he
lets go theé left handle to scratch himself, and
cranks 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. : - :

*
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Aé gystem of gears—a gear train—transmits
the motfon to the barreél. A look at figure 3-10
- will help you to figure the forces involved. The
~ radius of the wheel is 8 inches—1/2 foot—and

‘each handle is being turned with a force of,
say, 20 pounds. The moment on the top which
‘tends to rotate the wheel ina clockwisedirection
is equal to 20 times 1/2 =10 ft-Ib. The bottom

131.17
Figure 3-9.—A pointer’s handwheel.
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handle also rotates the wheel in the samedirec-
tion with an equal moment. Thus the total twist
or torque 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—12 inches, or one foot.
The couple is a convenient arrangement of-the
wheel-and-axle machine.

131.18
Figure 3-10.—Developing a torque.

28



. GHAPTER 4

. THEINCLINED PLANE AND THE WEDGE

You have probably watched a driver load
‘barrels on a truck. The truck is backed up to
the curb. - The driver places a long double
plank or ramp from-®the sidewalk to the tail
gate, and then rolls the barrel up the ragp.
‘A 32:gallon barrel may weigh close to 300 pounds
‘when full, and it would be quite a job to 1ift one
up into the truck. Actually, the driver is using
a simple machine pdlled the incliped plane.
You have seen the inclined plane used in many
situations. [Cattle ramps, a mountain highway,
and the gaxﬁank are familiar examples.

-The inclined plane permits you to overcome
a-large resistance by applying a relatively small
force through a longer distance than the load is

_raised. Look at figure 4-1. Here you see the
“driver gasing the 300-pound barrel up tothebed
of the truck, three feet above the sidewalk. He
is using a plank nine feet long. If he didn’t use
the ramp at all, he’d have to apply a 300-pound
_ force straight up through the three-foot distance.
‘With the ramp, however, he can apply his effort
over the entire nine feet of the plankas the barrel
is slowly rolled up to a height of three feet. It
looks,-then, as ifhe couldusea force only three-
- ainths of 300, or 100 pounds, to do the job. And
that is actually the situation.

Here's the formula., Remember it from

chapber 17

o

N
In which—L = length of the ramp, measured
: along the slope,
1 = height of the ramp,
R = weight of object to be raised,
or lowered,
E =force - required to raise or
lower object

-
o

~ Now fplythe formula to this problem—

s

In this case, L = 9ft.;1 = 3ft;andR = 300 b,

By substifuting these values in the fairmula, you
get— .
9 . 300

E

L7

900 ¢

W

9E

100 pounds

Since the ramp is three times as long as its .

height, the nz’echanicgl advantage is three. You
find the thebretical mechanical advantage by

df¥iding 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 is a special appliéa_tiqn of the

inclined plane. You have probably used wedges.

Abe Lincoln used a wedge to help him split

logs into rails for fences. Theblades of knives, -

‘axes, hatchets, and chisels act as wedges when

they are forced into a piece of wood. The wedge

is two inclined planes, set base-to-base. Bydriv-
ing the wedge full-length into the material to be

_cut or split, the mat erial is forced apart a dis-

‘tance .equal to the width of the broad end of t;e
wedge. See figure 4-2. v

, Long, slim wedges give high mechanical ad-
vantage. - For example, the wedge of figure 4-2
las a mechanical advantage of six. Their
greatest value, however, lies in the fact that
you can use them in situations where other
simple machines won't work. Imagine the
trouble you’d have trying to pull a log apart
with a system of pulleys. -

29
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~TTT T Figure 4-1.~An inclined plane:

Before you look at some of the Navy applica-
. tions o the inglined plane and the wedge, here’s

a summary of what to remember from this
chapter— ) :
. 'The inclined plane is a simple/machinethat
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 résistance 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.

8 . 24
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APPLICATIONS AFLOAT AND ASHORE

One-0t the most common uses of the inclined -

plane in the Navy is the gangplank. Going aboard

the ship by gangplank, illustrated jn figure 4-3

is certainly easier than climbing up a sea
ladder. And you appreciate the M.A. of the

gangplank even more whén you have to’ carry.

your sea bag or a case of prunes aboard.

Remember that hatch dog in figure 1-10. .
The dog that’s used to secure a door not only )
takes advantage of the lever principle, but—if

you look sharply—you can see that the dog seats
elf ‘on a steel wedge which is welded to the
Bor. 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 gangplaﬁlé is aninclined plane.
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Ghlptgr 4ﬁTEE INCLINED PLANE AND THE WEDGE

" chapter 1, that you got a mechanical advantage
‘of four !mm the lever action of the dog—so the
_overall mechanical advantage is 8 times4or 32,

dozen to sh

neglecting friction. Not bad for such a slmple
gadget, is it? Push down with 50 pounds heave
on the handle and you squeege the door shut with
a force of 1600 pounds, on that dog. You’ll find
the damage-coptrol parties using wedgesa by the
p bulkheads and decks. A few

25

sledge—hammer blows on a wedge will qulck.ly
and firmly tighten up the shoring.

Chipping scale or paint off steel is a tcmgh
job. However, the job is made a lot easier with
a campresged air chisel. The wedge-shaped
cutting edge pf the chisel gets inunder the scale
or the painf, and exerts great pressure to lift
the scale og paintlayer. The chiselbit is annther
applicatign’of the inclined plane. ‘
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' The screw is a simple machine thattias many
uses. The vise on a workbench makes useof the

© THE SCREW [

-

great mechanical advantage of the-s¢rew. 8o do.

the screwoclamps used tohold a piece 0f turniture
together
putomobile jacks and even thefoodgrinder inthe

* A screw is a modification of the inclined
plane. Cut a Shae%cipipe’r inthe shape of a right
triangle—an inclined plane. Wind | around a
pencil, as in figure 5-1. Then you can see that

~ the screw is actually an inclined plane wrapped

‘a apiral

“"around a cylinder. As the pencil is turned, the

wound up so that its hypotenuse forms
thwead similar to the thread on the
gerew shown at-the right. Thepitchofthe screw,
and of thepaper, isthedistancebetween identical

paper ‘is

while it is being glued. And sodo many

home. | b

points on the same threads, and measured along -

the length of the acrew.

: THE JACK

s . ,

In order to understand how the screw works,
look at figure 5-2. Here you see a jack screw of
the type that is used to raise a house 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 isequal
to 2. (You remefmber that » equals 3.14, or
3_7;)' Tl;é.t'is the distance, or the lever arm,
through which your effort is applied.

At the same time, the screw has made one
revolution, ‘an. in doing so 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

CHAPTER®S
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the “effort or pull is applied, divided by the dis- _

tance the resistance or load I8 moved. ABBUming —
a 2-foot—24''—length for the lever arm, and a -
1/4-inch pitch for thy thread, you can find the

theoretical - mechanical advantage by the for-
mula— ' P4 .

=

2nr
P

e

in which -

r = length of handle =24 inches

p = pitch, or distance between corresponding
points on successive threads = 1/4-inch.

Substituting,

T. M. A.

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

But jacks have 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 cutthis way,
if no Triction were present, the weight of the load
would cause the jack to spin right back 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. It takes a lot of
circular motiontoget a small amount of straight-
line motion from the head of the jack. You will

" uge this point to advantage in the micrometer,

any rate, the load has been raised a distance p. .

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

£
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which is a useful device for making accuraje
small measurements, measurements of a few
thousandths of an inch. '

In figure 5-3, you see a cutaway view of a
micrometer. The thimble turns freelyjon the

392
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Figure 5- 1 —A screw is an inclined plane
in spiral form.
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glseve, which is rigidly attached tothe microm-
eter, frame. The spindle is attached: to the
. thimhle, and is fitted with acrew threads which

move the spindle and thimble to right or left
in the sleeve when you rotate the thimble. These
screw threads are cut 40 threads to the-inch.
Hence one turn of the thimble moves the spindle
and thimble 1/40 inch. This represents one of
the smallest divisions on the micrometer. Four
of these small divisions make 4/40 of an incf,
or 1/10 inch. Thus the distance from 0to 1 o7
to 2 on the sleeve represents 1/100or 0.1 i
. To allow even finer measurem .
himble is divided into 25 equal partslaid aut by

Wlae movement af 1/40 af an mchE, NDW, i:!.'
rm the thimhble one of these units on its
you have n;cw_ed the spindle a distance of

27

A jack screw

Figure 5-2

The micrometer in figure 5-4 reads 0.503 -
inch, which is the true 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—0,500'".

Because you ¢an make such accursté meas/

urements with this instrument, it is indispens-
able in every machine shop.
SUMMARY

Look over the basic ideas you havé learned

40 THREADS TO THE INCF

, FE;\ME
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4 COMPLETE TURNS EQUAL
‘ Mo OF AN INCH=

! - 1
_ !

Tae

T o
e

E COMPLETE TURN C!F SCREW
OVES THIMBLE Lo OF
AN'INCH. -

420
‘Figure 5-4.—Taking turns.

The screw is a modification of the inclined
" plane—modified to give you a hlgh mech-*
anical advantage.
The theoretical mechanical advantage of the
screw can be found by the formula
iy
2# ' ’
R

As in all machines, theactual mechanical
advantage equals tha resistance divided
by the effort. .

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

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

M.A.

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 figure5-5. If

N ".('%’A

&=

= LEFT HAND THHE AL o Hie T HAND THRF ALY -
o oLut KMLUT LtRMUT
;"ll iy \;E ji‘
. 131.21
N Figure 5-5.—A turnbuckle,
28

F

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 youturn
the turnbuckle to tighten up the line, both bolts
tighten up. If both bolts were right-hand thread—
standard thread—one would tighten .while the
other one loosened an equal amount. Result=no
change in cable-slack. Most turnbuckleshave the
screw threads cut to provide a large amount of
frictional registance to keep the turnbuckle from

unwinding under load. In some tases, the turn=" ~
- buckle has a lock nut on each of the screws to
_prevent slipping. You’'ll find turnbuckles usedin

a hundred different ways afloat and ashore.

Ever wrestled with a léngth of wire rope?
Obstinate and unwieldly, wasn'. it? Riggerahave
dreamed up tools to help subdue wire rope. One
of these tools—the rlgger § vige=is -shown in

figure 5-6. This rigger’s vise uses the great
mechamcal advantage Df the screw to hold the

remfurced loapsantg the end of the ESblE Hotat—
ing the handle causes the jaw on that screw to ’
move inor out along its grooves. Thig 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

Figure 5-6.—A rigger’s vise:

3 .
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w

Figure 5-7.—A friction brake.
1

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 Bx 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 gear used on many small
- ships—and as a spare steering system on some
larger ships—is the screw gear. Figure 5-8

LEFT-HAND
THREADS 4

RUDDER
POST —._

3

|

! I
| B

/ |

{ i

\ i

. ),

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

shows you that the wheel turns a long threaded
‘ghaft. Half the threads—those nearer the wheel
end of this shaft—are right-hand threads. The :

- other half of the threads—those farther fromthe

A

29

wheel—are left-hand threads. The nutLA has a
right-hand thread, and nut B has a left-hand
thread. Notice that the crosshead whichturnsthe
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,

so that the ship swings 'in the direction you

‘turn the wheel. There is a great mechanical
advantage to this steering mechanism.

- Figure 5-9 showsfyou another practical use
of the screw. The 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 whiqi; passes
through a traveling nut. If the operating handle
is cranked 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 threadonthat
screw is the self-locking type—if you let go of
the handle the nut remains locked in position.

9§ .

o 80.101
Figure 5-9.~The quadrant davit,

§



'CHAPTER 6

. ~ GEARS

made it tick? Of courge you came out with some
‘parts left over when you -got it back together
-again. And they probably included a few gear
wheels. Gers are used in many machines. Fre-
quently the gears are hiddeh fromviewina pro-
tective case filled with grease or oil, and you

. may not see them.

An egg beater gives you a simple demon-
gtration of the three things that gears do. They
can change the direction 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 afe alwaysin mesh, and there can
" be no ~recep and slip. : .
Follow the directional changes in figure6-1.
The crank handle is turned in the direction indi-
" cated by the arrow—clockwise, when viewed from
the right. The 32 teeth on the large vertigal

wheel A mesh with the 8 teeth on the right-

hand horizontal wheel B, which rotates as indi-
cated by the arrow. Notice that as B turns in a
clockwise direction, its teeth mesh withthose of
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 oh gear A
and 8 teeth on gear B, But the gears mesh, 80
that one complete revolution of A results in
four complete revolutions of gear B. And since
: gears B and C -have the same number of teeth,

ne ‘revolution of B results in one revolution of
“%C, 'Thus the blades revolve four times as fast
as the crank handle.

In chapter 1 you learned 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 is greaterthan

30

t to see what _the force applied to the frosting by the blades.

Therefore a mechanical advantage of 1
one results.

TYPES OF GEARS

When two jhafts are not lying in the same
straight line, but are parallel, motion can be
transmitted from one to the other by means of
spur gears. This setup is shown Jn 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 te 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 usually
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 jn
order to mesh properly. ,

The most commonly used- type afe the
straight spur gears, bug quite often yoy'll run
across another) type of spur gear called the
helical spur gear. i

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 and
moves progreasively across the gear facesuntil
the trailing ends are in contact. This kind ‘of
meshing action keeps the gears in constant
contact with one another. Therefore, less lost

3n
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131.25
Figure 6-1.—A simple gear arrangement.

x}

PARALLEL SHAFTS

SPUR"GEARS
5.2

Figure 6-2,—Spur gears coupling two -
parallel shafts;

o]

.1

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

motion and smoother, quieter action is possi'blei

One disadvantage of this helical spur gear isthe
tendency of each gear to thrust or push axially
on its. shaft. It is necessary to put a special
‘thrust bearing at the end ofsthe shaft to counter-
act this thrust.

Thrust bearings are not needed if herrmgbc\ne
gears like those shown in figure 6-4 are used.
Since the teeth on each half of the gear are cut
- in app@site directims, each half of the gear

' develops a thrust which counterbalances that of -

the other half. You'll find herringbone gears used
mostly 6h hea\ry machinery.

" Figure 6-3 alsoc shows yobu three other gear
arrangements in common use.

The internal gear in figure 6-3B has teeth
on the inside of a ring, pointing inward toward
the axiz of rotation. An internal gear is always
meshed with an ‘external gear, or pinion, whose

s - R B PN

et 3
1 .
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this case the sector gear (fig. 6-3C) is ysed

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 dn extremely large radius. The rack-and-

pinion arrangement is useful in Ehanging rotary

motion into linear motion.

THE BEVEL GEAR.—So far most of the

gears you’ve learned about transmit motion’.

between parallel: shafts. But when shafts are
not parallel (at an andle), another type of gear

'i8 used—the bevel gear. This type of. gear
can connect shafts lying at any given angle

because they c¢an be beveled to suit the angle.

F:gure E-EA shaws a -special case gf the
gears is used to c:.annect shafts having a 90°
angle, which means the gear faces are beveled
at a 45° angle.

You can see in ﬁgure 6-5B' how beval_
gea:s ‘are dEsigned todoin shafts at any angle.
Gears cut at any -angle other thaﬁ 45° ‘are
called just plain bevel gears.

3 "
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Figure 6-3.—Gear types.

The gears. shown in figure 6-5 are called other spiral (helical) gears—less lost motion
straight bevel gears, because the whole width and smoother, quieter operation.. ¥ :
of each tooth comes in contact with the mating . ' .
‘tooth: at the same time. However, you'll also THE WORM AND WORM WHEEL.-—Worm
run across spiral bevel gears with teeth cut - and worm-wheel combinations, “1ike those in ..
so as to- have advanced and .trailing ends. figure 6-7, have many uses and advantiges. !
Figure 6-6 shows you what spiral bevel gears But it’s better to understand their operating s
‘look- like. They have the same advantages as theory before learning of their uses and ad- :
' I - vantages. - ’ v

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

_ A."MITER GEAR B. BEVEL GEAR
L - 8:22.3L o 5.22.4
Figure 8-4.~Herringbone gear. . . S Figure 6-5.—Bevel gears.

™
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Figure 6-6. -=Sp1ral 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 wormy.
For each revolution of the worm in this ca:
the worm wheel turns two teeth. That makes
the gear ratia .25:2 1f ‘the: worm wheel has 25
teeth. -
Likewise, a triple-threaded worm would turn
the worm wheel’ three ;eeth per revolution c)f
the worm.

a screw and a spur gear Tremend@us me-
chanical advantages can be obtained with this
arrangement. Worm drives can also be de-
signed 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 thain which turns the worm. ‘But.
if you let go-of the chain, the load carnnqt drive” I
the spur gear and let the load drop to th.e deck :
This isa non-reversing worim drive

CHANGING DIRECTION WIT;-I:GEARS

No doubt you know that the crankshaft.in an
automobile engine can turn in cmly onedirection.
If you want the car to go backwards, thé—&ﬁéctv
of the engine’s rotation must be reversed "This
is done by a reversing gear inthe transtission,
:not by reversing the directlon in wh‘lch thé,
crankshaft turns. '

A study of figure 8- Bmll show you hgw gears ’
/are used to change the directiong fmat.iOn This*
‘i a schematic diagram of the ‘sight mountson’a,
Navy gun. If you crank the range- adg\Jsting-'
~handle A in g*glockwise direction the gearB di- .

rectly abov ‘it is made to rotate in a counter- -
‘clockwise direction. This motion causesthe Vo
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 direction. Since
the two bevel gears G and H are fixed on the

—_—

- DOUBLE-WREAD WORM -

5.22.9
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q‘igure 6- E ears change direction of
y applied rrmtion

Soa- . %

-

Nc:w lf you turn A at a speed of four revolu-

tions ‘per second, B will be rotated at one .

- revnlution per second,

~.at’ Qne .revolutiorr per gecond, f[%d causesD to
" turn at two revolutions per

Wheel C also.moves

"« aut, twg revolutions per second after having

put in four xrevolutions per:second. - Thus the

" overdll speed reduction is 2/4—or 1/2—which
" means that you.got half the speed out of the

sﬁaft with F they alsoturn ThESE bevel gears,'

!J csuse I ‘and’J’ tQ swing the front ends of the
. telescopes o the right. . Thus with a simple
system of gears,: it {s possible to keep the two
telescopes pointéll at a moving jarget. .In this
and many other- pracical applmanons, gears

last driven ‘wheel that you put jntb the first
driver wheel.

~ "You can solve any gear spaed-reﬂuc:tion'
N pmblem With this i'ormul&— ST :

. ‘ T 8. =8 xar::j )
2 1 Tg_
where \
Si='gpeed of first shaft in train
'S 5= speed of last ghaft 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

serve one. purpose—ta t:.hange the direction of :

jon,

CHANGING SPEED

gears catbe used to change the speed of matlon

Amjther example of this use ‘of gears is found.

“in your tlock or watch; - The mainspring slowly
““unwinds and causes the hour hand to make one
revolution in 12 hours.
train—of. gears, the minute hand makes one
“-revolution each hour, while the second hand
' goes around once per minute.
Figure 6-9 will help you to unders snd th
speed changes are made possible. giheel A
.-has 10 teeth “which mesh with the
‘wheel B. Wheel A will have to
times to cause B to make one revblution.
" Wheel € is rigidly fixed on the samé shaft with
B. Thus C mal%és the same number oOf revolu-
tions as B. However, C has- 20" teeth, and
meshes with wheel D whmh has- onIy 10 teeth
Hence, wheel D turns twice as fast as wheel C.

Through a series—or . -

34

figure 6-8. _
. Ty 10x20
Sp 7 Sy T xm, T4 % g0x10
800 _ ,
300 - 2 revs. per sec.
40 TEETH-
10 TEETH:
DRIVER-

' DRIVEN
GEAR—

131.27
" Figure 6-9.—Gears can change speed of
applied motlon
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Chapter 6—GEARS

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, mustturnrather slowly—
say 195 rpm-—to push the ship ahead with
ximum 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. ften vou’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 you un specds,

doesn't

Just neglect the idler entirely. It

still applies. The* idler merely mukes the
driver .and its driven gear turn in the same

direction. Figure 6-10 will show vou how this

works.
MAGNIFYING FORCE WITH GEARS

chanical advantage. In fact, wherever there is
a speed reduction, the effect of the effuort vou
apply is multiplied. Look at the cable witch in
figure 6-11. The crank arm is 30 inches 1ong,
and the drum on which the cable 15 wound has o
15-inch radius. The small pinion gear Huas 10

IDLER -~

teeth, whichimesh withthy 60tecth on the internal
spur gear. You will fineg o casier te fiure the
mechanical advantace of this machine i vou,
think of it as two mnchines.

CFiest, fuve cut what he gear and pinton do
for you. The theoretica! miechanical advantags
of any ;11‘1’;’1{51;%;1;1.-111 o twe e
founed by the following [oimoula—

shed gears cuan be

T
- L. i)
M. AL (thenretical) @ 7=
1
i
in which, T numbier of teeth on driven
: ¥
Gyl
T_\ nurber of  teeth on driver
T wenr,
Ly this coase, T Gloand v 10. hoi,
il i
) T tili B
AMOAL Gneorenical) -ogr B N
I 10
il

Now, for e other part of the muchine whieh
simple whecl-nnd-nxle arrangement con-
sisfige of the ov the dvam. fae
theoreticoul mechanien] afivantice of g enn be
found by Jdiv Hoe the distanes the effort moves—
2oRZ1n meking one congplet
Jdistunes the ciable s deawn up
of the drum—2=r.

Ll b

s

inoone revoiifion

o }/ ;'J 3
M. AL (theoretieah) L{* —JL,)L 2
15

\ ,
\ SAME DIRECTION - .

[
[
2T
Py

Fivure 6-10.=An idler geur.

wm

vevalurion, by the s
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Figu

re 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 simple machines
that make it up. In this case you considered
the winch as being two machines--one having
an M. A. of B, and. the other an M. A, of 2.
Therefore, the over-all theoretical mechanical
advantage of the winch is 6 x 2, or 12.
friction is always present, the actual mechanical
advantage may be only 7 or 8. Even so, by
applying a force of 100 pounds ou the handle,

,you could lift a load of 700 or 800 pounds.

You use gears to produce circular motior
But you often want to change rotary motion
ji,tci) up-and-down or linear motion. You can
use cams to do this. For example—

The cam shaft in figure 6-12 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 ghaft rotates, the high point—
lobe—of the cam raises the valve to its open
position. Asg the shaft continues to rotate,
the high point of the cam is8 passed and thp
valve iz lowered to ["IOSEd position.

i
Lo

Since -

A set of cams, twotoa cylmder drlven by
timing gears from the crankshaft operate the
exhaust and intake valves on the gasoline auto-
mobile engine as shown in figure 6-13. Cams
are widely used in machine tools and other
devices to make rotating gears and shafts do

p-and-down work.

SUMMA.Y
)

These are the important points you should

keep in mind about gears—

Gears can do 3 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 ooposite directions. You can
make them turn in the same direction by
placing an idler gear hetween the two.

The product of the number ofteethon each of
the driver ggars, 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 uf 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 theoretical 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
winc-h Figmp 6 14 shaws vnu Qnetypéin whit:h

tum fDI‘ every four revnlutmns of thE drlvmg_
vear A. You get a 4-to-1theoretical mechanical
advantage out of that pair. Secured to the sanie
shaft with B is the small spur gear C, covered
up here. The gear C has 30 teeth wmc h mesh
with the 90 teeth on the large gear D, also
covered up. The advantage from C to Dis

T
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Figure 6-12,—-Cam-driven valve.

. 131.30
Figure 6-13.—Automobile valve gear.

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 see that center pinion P turns. It
meshes with the two vertical racks. When the
wheel ig 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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of the racxg a.retwahydraul&lstans which con- .
st eerin  the 0. ch’u get some

131.81 181.82
Figure 8-14.—An anchor winch. Figure 6-15.—A steering mechanism
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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 resistance by 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, is commonly 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—.

DISTANCE
(feet)

FORCE

WORK - _ .
(foot-pounds) ~ (pounds)”

Thus, ifthe sailor liftsa 90-pound bag through
a vertical distance of 5 feet, he will do—
WORK 450 ft -1b.
There are two points concerning work that
you should get straight right at the beginning.
First, in calculating the work done you meas-
ure the actual resistance being overcome. This
is not necessarily the weight of the object being

moved. To make this clear, look at the job the
bluejacket in figure T-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 ag 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 resistance in one
case may be the weight of the object; in another
it may be the frictional resistance of the object
as it is dragged or rolled along 'ghe deck. -

The second point to hold in mind is that you
have to move the resistancetodoany work on it.
Look at Willie in figure 7-3. The poor guy has
been holding that suitcasefor the past 15 minutes
waiting for the bus. His arm isgetting tired; but
york, he isn’t '

doing an};,fsbecause he isn’t mos the suitcase.
Fainst the pull of

He iz merely exerting a force ag
gravity on the bag. '

You already know about the mechanical ad-
vantage of a lever. Now consider it in terms of
getting work done easily. Look at figure 7-4.
The load weighs 300 pounds, and you want to
lift 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-pdunds 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 raise the 300-
pound crate. Through how long a distance will
you have to exert that 100-pound push? Neglecting
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friction—and in this case you can safely do so—
. the work done on the machine is equal to the
- work done by the Mgchine. Say it this way—

NO LD'TER'NG , Work put in =}wor
- j And since Work = fprce x distance, you can

subsgtitute ‘‘force timesg distance’’ on eaz:h gide
of the work equation. Thug—

F1 times Slf F times 52
in wiNch, '

Fl = effort applied, in pmunds

Sy = distance through which effoft moves,in
/ feet

‘o 5 resistance overcome, in pounds

p = distance resistance is moved, in feet

Now ‘substitute the known valuea, and you obtam—
300 times 1

'''' R —————— ' 1DDt1messl 3
. 131.33 ‘ ¢

. Figure 7-1.—No work is being done. S, = 3 feet

131.34

Figure 7=2iiWo}-king against friction.

40
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Chapter 7—WORK

And by substituting the known values—
120x 8 = 600 x 20
S, = 100 feet. !

. 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 job withthe force at your command.
'You’d probably have some difficulty lifting 300
pounds directly upward withouta machineto help
you!

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

Worl{ 1]’aput = WOI‘E Dutgut

FZXS

Fy

x5

1 2

1
This means that he has to pull 100 feet of
rope through his hands in order toraise the 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
small 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 machifie square on its
foundations. The rear end must be shoved over’
one-half foot against a frictignal resistance of
1,500 pounds. The amount of fwork to be done is
1,500x1/2, or 750 foot-poundp. He will havetodo
at least this much work on tl\e jack he is using.
If the jack hasa 21/2-foothan8le~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 inpﬁt work output

Fl X Sl

In which ,

1 force in pounds applied on the handle;

- distance, in f{eet, ‘that- the end of the
handle trav#s"in one revglution;

F, - resistance tq be overcome, ’

S - distance 'in fedt. that head of jack is ad-
vanced by,oge-révolution of the screw.
Or, the pitch of the screw.

And, by substitution,

F x st;;ﬁdD X 1/48,

. #
. since 1/4"! = ;/_48 of a foot

P¥500 x 1/48

e

'y 2 pounds

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 therough
which he must apply that.effort. One complete
turn of the handle represents a distance of 15.7
feet. That 15.7-foqt rotation advances the piece
of machinery only ‘1/4th of an, inch-or 1,/48th
of a foot. Force is:galned at the ‘expense of
distance. Tt

47
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Figure 7-4.—Push’em up.

&

RICTION

You are going to push a 400-pound crateup a
12-foot plank, the upper end of which is 3 feet
higher than the lower end. You figure out that a
100-pound push w111 do the job, since the height
the cfate is to be ralsed is one- fuurth Qf the

push The Eheﬁretmalf fnechamcal advantagp is 4

:» And" then .you push 100 pounds worth. Nothing

happens! You've forgbtten that there is friction
between ' the suri'a.c.e of the erate and the sur-
face x:)f the pliﬁkf ) ThlS ‘fr‘_H:thﬁ"- ’

you muat over‘cnmé thls :‘eslstance i :
crate. In fact, you.thight have to puﬁ s much

be used to avercoméﬁthgf ;c:f,iehalv

ful- push tha' ‘voulg mm'a iﬁ reite up the
plank.

Friction is the remstance that one surface
offers to its movement. over another surface.
The amount of friction depends upon the nature
of the two surfaces, and the forces which hold

them together.

42

B 131.36

In many instances friction is useful to you.
Frmtlon helps yuu hold back the crate fram

Ynu wear rubber soled shoes in the E,‘ym to keép

from slipping. And locamatwes carry a supply-
of sand which can be drapged on the tracks in
front of the driving wheels {0 increase the fric-
tion between the wheels and the track. Nailshold
structures together because of the friction be-

tween the nails and the lumber.

When you are trying to stop or slow up an
object in motion, when you want traction, and
when you want tD prevent motion from takmg ‘
place, you make friction work for you. But when
you want a machine to run smoothly and at high
efficiency, you eliminateas much frictionaspos-
sible by oiling and greasing bearings, and honing
and smoothing rubbing surfaces.

Wherever VDu apply forr:e to cause motion
f.all ahort of the theoretlcal mechamcal advan—
tage. Because of friction, you have to make a
greater effort to overcome the resistance which
you want to move. If you place a marble and 2

48
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131.37
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 is be-
cause rolling friction is always lessthan sliding
friction. You take advantage of this fact whenever
you use ball bearings or roller bearings. See
figure 7-17.

Remember that rolling frictionisalwaysless .

“than sliding friction. The Navy takes advantage

of that fact. Look at figure 7-8. This roller
chock not only cuts down the wear and tear on
lines-armd cables which are run through it, but—
by reducing friction—also reduces the load the

The roller bitt in figure 7-9 is another ex-
ample of how you can cutdownthe wear and tear
on lines or cable and also reduce your frictional
loss.

" When it is necessary to have one surface
move over another, yoy can decrease the fric-
tior by the use oflubricants, suchasoil, grease,
or soap. You will use lubricants on flat surfaces,

~_gun slides for example, as well as on ball and

E\.
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oo : 131.38
Figure 7-6.—A big push.

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

Don’t fdrget 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 covering
is used. Hefre you have friction working for you.
It helps you to keep your footing.

EFFICIENCY

easier to explain machine operation, but you
know from practical experience that friction is
involved every time two surfaces move against _

the frictional resistance does not appear in the
work output. Since this is 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 is
100 percent efficient. »

Take the jack in figure 7-6, for example. i'he
chances are good that a 2-pound force exerted on
the handle wouldn’t do the job atall. More likel
a pull of at least 10 pounds would be required.
This indicates that only 2 out of the 10 pounds,
or 20 percent of the effort is 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 ja- ks are inefficient, but ev
with this inefficiency, it is possible to deliv:
a huge push with a small amount of effort.

49
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Actually, 50 + 0.60 - 83.3 pounds. You can check
this yourself in the following manner—

Efficiency %%;%ufg

il

f,zxgg F
Fl X 5

One revolution of the drum wmild raise the
600-pound load a distance Sp of 2»r or 7.85
feet. To make the drum revolve once, thepinion.
gear must be rotated six times by the handle;
and the handle must be turned through a distance
Sq of 6x2rR, or 94.2 feet. Then, by substitution—

- _ 600 x7.85

F = 94.5%0.60

83.3 pounds.

igure 7-7.=These reduce friction,

*ry

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

Efficiency =

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

method—
Efficiency - Output = ,F_,g * bg
input F1 X :1

and, by substitution,

600 x 20

160 x 100 - 0.75 or 15 percent.

il

Theoretically, with the mechanicaladvantage
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, . ¢ 131.39
how big a push would you actually haveto apply? ° Figurez‘;j—a.—lt saves wear and tear.
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Chapter 7—-WORK

Because this machine is only Eﬂi—ﬁ irce
ficter®, you have to put 94.2x83.3, or 7, 847 fCl'Dt-
pounds of work into it in clrcler to get 4,710
foot-pounds of work out of it. The difference—
7,847—~4,710=3,137 foot-pounds—isusedtoover-
come friction within the machine.

S0 .« SUMMARY

L
T :
LY SR

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

You do work when you apply a force agamst

a resigtance- and mcﬁre the resistance.

Since force—nteasured in pounds—and -
dlstance—measurad in feet—are involved,
work is measured in foot-pounds. Dne
foot-pound of work is the result of a one-
_pound force, acting against a resistance
‘through a dlstance of one foot.

Machinés help you to do work by making it
possible to move a large resistance
through a small distance by the applica-
tion of a smau}ﬁ:e through a large
distance.

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

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

The resistance that one surface offers to
moverment over a sec);md surfaceiscalled
friction. C—
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It's all very- well to,talk about how much

‘work a man can do, but the payoff is how long it

takes him to do it. Lcsok at’ “Lightning” in

thé semnd decl: of the new ba:racks However,
it has taken him three 10- hour days—1800
minutes—to do the job ‘In raising the 6000 pounds
15 feet he did 90,000 foot-pounds of work.
Remember—forcex dis‘tam:e work. Sinceittook
+ him 1800 minutes, he has been working at the
rate of 90,000+ 1800 or SO foot- pounds of work
per minute.

That’s pDWEI‘—thE rate of doing Work. Thus,

power always includes: th§ time element. Doubt-
less you could do the same amount of work:in one -

10-hour day, or 600 minutes—which wauld mean
that you would work at the rate of 90,000 +600
= 150 footypounds per minute.

You'then: would

have a pmwer value, three times as great as that ~

=

. of “Liightning.”’
* By formula—

_ Work, in ft-1b
Time, in minutes

Power

HORSEPOWER

You measure force in pounds; distance in
feet; work in_foot-pounds. What is the common

unit used for measuring power? The harsapawar' ‘

~CHAPTER 8 e

POWER®

accepted as the standard unit of pawer a:lcl it
is called a horsepower—hp. »
Since ‘there are 60 seconds in a mlm.li;e, one
33, ODD_
85 550 foot-
pounds per second. By formula—

hDrSépcwer is also equal to-

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

Horsepower

CALCULATING POWER -

It 1sn’t cliffmult tc) figure how much pc)wer is

;needed to do a certain job in a given length of °

time, nor to pi'e:ilct what sme engine or rnotor is

If you. wsnt to tell someone how powerful an »i=. -
engine is, you could say that itis so many times g% |

more powerful than a man, or anox, of a horse.
But what'man, and whose ox or horsge? James
Watt, the fellow who invented the steam engine,
compared his early models with the horse. By
experiment, he found that an average horse could
lift a 330-pound load straigh { up through a dis-
tance of 100 feefinone minute Figure 8-2 shows
you the type:.of rig he used tp find this out. By
agreement arm:;ng ‘scientists, that figure of 33,000
foatapounds of work done in gne rmnute has been

131.41.

Figure leﬁe
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ra;sa a E EDDapDund anchnr thraugh 120 feet in2

| Figure 8-2.—One horsepower." :

minutes. What must be the theoeretical horse-

power rating of the motor on the winch?--
The first thing to do is to find the rate at
which the work must be done. You see the

formula—
- work _ force x-distance
Power = S —— = ———————
time time -
. Substitute the known values in the formula,

and you get—

power = & 5:07972 x 120

= 396, 000 ft-1b/min

So far, you know. that the winch must work at
a rate of 396,000 ft =1b/min. To change this
rate to horsepower, you divide by the rate at

P4

N
L ]

. » ,'-f
which ﬂlé fweragcﬂ hm‘sa can wark.—SB 000 ft- lb/
I‘ﬂln

Horsepower

e

" Theoretically, the winch would have tobe 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 Wtruld actually have tn be larger
than 12 hp. ,

Planes are raised from the hangar deckto the
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

7

» L s H

1
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=

tn raise the elevator. It’s not too tough when you .

“xnow how, Allow a wefght ‘6f 10 tons for the
elevator, and 5 ton ns for the plane. Suppose that
you want to raise the etevator and plane 25 feet
in 10 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— - BN o

force x distance
time

%'WEI‘
. 9y WUU

~ Substitute the known values i their proper
places, and you have— .

Power

hp

+80,000x 251t _ 4 560 000 5t 1b/min.

power = T47E0 minute
S 4,500,000 _ 1 ne
hp = 40500,000 _Cyap 4y
e = =53,000 ?

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

Féficiancy = Output

Efﬂme_gc;y Tnput
13604 Lo
Input = 970 - 194. 8 hp.

This is the rate at which the engine must be
_able to work. To be on the safé side, you'd
* ptrobably select a 200-horsepower auxlhary todo
- the job .

-

FIGTJRING THE HDRSEPDWER RATING
OF A MDTDR

. You have probably seenthe hor'sepower 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 s 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 shme—say ISpDunds

-

{;}"

131.43
Figure 8-3.=A prony brake.

When -the pulley turns in a clockwisé direction,
the friction 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 less 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 te 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-

48
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“‘Euﬁs*ﬁﬁiﬁ ‘ﬁ“ﬂﬂ‘ﬁ the' ?rm;a times the has’a 1/16-hp motor; a washing machine a 1/q_=, :
_ distance, of work = FxD = 20x5,852= 113,040 -

£t -Ib/m!n Change this to horsepower—

Here are 4 few ratings for motors or engines
with vﬁ)ich you gre familar—an electric mixer -
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hp motor. ;
- B - o : !’--\ s
SUMMARY '
There are two important iﬁcints for ‘you to
remember about Power-- '
Power is the rate at whiq:h work ig done. +
The mﬂt in ‘which power is measured is the.

horsepower, which is equivalent to working at a
rate of 33,000 ft- lbper rrlin or 550 ftslb per sec.
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"“ape not*the only thingd that can éxert forces: If
' ycu vé been out in a sailboat yoy kmow that the
d can exert a force. Further; youdond have*to
gEt hmcked on your ar more than a couple of
times by the waves to gettheidea that water, too,

~ gpan exert a force. As a matters of fact, from

reveille to taps you age almost constanltly either
exerting forces or resisting them. That’s the
reasan you are pooped when you hit the sack

MEASURING FORC ES

forces. You can est;mate or 1‘guess” ‘the WElght
of a package you're going to mail by ‘‘hefting”’

it. Or you can put it on a scale to find its weight
accurately, Weight is a common term that tells

you how much force or pull gTav1t'y is e;ﬂ;ertmg )

on the object.

You can readily measure force w1th a sprmg'

scale. An Englishman named Hooke discovered

that if you hang a 1-poundweightona spring, the . |
spring stretches a certain distancé.-A 2-pound

weight wilextend the spring just twice as far,

- and 3 pSunds will lengthen it three times as far
‘as the 1- pound weight did. Right there is the
_makihgs of the spring scale. All you needyo do
_is attach a pointer-to the spring, put a fate on
* the scale, and mark on the face the pn51t10n5 of
the pointer for various loads in pounds or ounces.
This type of scale canbe usedto measure the

pull of gravity—the weight—of an object, or the
’force of a pull exert&d against friction, as shown

din figure 9-1. Unforfunately, springs get tired,
just asg, you do.. When they get old, they cinut
always snap back to the original anltmn Hence

an old spring or an ovei'lnadpd spring will give
inaccurate readings. :

P
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. Byghis tfme you should havesa pretty good HONEST WEIGHT—NO spam‘cs
‘idea of whataforveds. Aforceis a push or Apull . @
exerted on—gr, by-an nbjeet mply a force , ¥Because springs do get tired, Oﬂiél‘ ‘types of
: _machine, and the machine ntranemits forge- m’aSuring devices are made. You've saen
,_f_a force o thelcad_ “‘Wen afid machingsYhowever, " the st 1""!‘!61‘1551‘ Weight—ﬁcrﬂpﬁngs”—f -the -

butchershop scales. Scales of this\type are.
,shc)wﬁ in figu:e 942, They are applications of
first .clagg levers, The one shown in figure-
9-2A%is e simplest type. Since the distance
from the fulepum to the center of each platform
is equal, the scale is balanced when equal weights '
‘ate placéd on the platforms. With your knowl-
edge of levers, you will be able to figure out
howrthe steel yard shown infiure 9-2Boperates,

-

v PRESSI’.EE

Have yc)u ever tried to walk on crusted smow
that would break through when you put your weight
on it? But you could walk on the same snow if
you put on snéwshoes. Further, yourknow that
snowshoes do ngt reduce your weight—they
merely distribute 1t 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 sqles of an average man’s
shoes is Toughly 60 square inches. Each one of
those square inches has to carry 160+80= =2.6
pounds ‘Df your weight. Since 2.6 pounds per
square inch is too much for the snovfust you
break through.

When you put 8n the’ WMwshoes, youdistribute
your weight over anp area of appraximatély 900
Sq in.—~depending, of course, on the size of the
snowshoes. Now the force ¢n 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 Easﬂy ‘support you.

* Pressure is force per unit’ areq—a.nd 15"

measured, 'in pounds per -square ingh—‘‘psi.’
< With snowshoes on, yﬁu exert a pressurecf0.18

Q7




psi. To calculaté pressure, divide the force by

the area over which the force 15 apphed The
formula is—
]

Pressure, in psi

¥

To get this idéa, follow this problem. A tank
Jfar 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 about 62.5 ,pounds.

The total force tending to push the bottom out
of the tank is equal to the weight of the water—
240x62.5, or 15,000 1b.”What is the pressure on
thé bottom ? Since the weight is evenly distnbuted
on the bottom, you apply the formula P——- and

. ,,bstitute the proper walues fo¥ F and A. In this

£

, F=15,000b, and the area of the bottom in '

131.44

square inches is 10}:63:144 gince 144 8q in.= 1
8q ft .

a

15, 000

“Tox6x14d - 114 pei

Now work out the idea in reverse. You live

iat the bottom of the great sea of air which sur-

rounds the earth. Because the air has weight—
gravity pulls on the air, too—the air exerts a
force on every object which it surrounds. 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
and less as you go up ‘o higher altitudes.

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

fcxrrrn.llaP—E Now substitute 15 psi for P, and
for A use 144 sq. in. Then F =144x15, or 2160

.1b. The force on your chestis 21601b per square

foot—more than a ton pushing against an areaof
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Figure 9-2.—Balances.

1 sq ft. If there were no- ar Inside your chegt to  equal pressure in all directions. Figure 9-3

push outward with the sgme pressure, yo 'd be shows that. Whether the hole is in the top, the

aquashed flatter than a bride’ 8 biacuit. ~ bottom, or in one of the sides of a submarine,

' " the water pushes in through the kole.

MEASUBEG PEESSURE - In many jobs aboard ship, it is necessary to
Fluids~which include both liquids and _know the pressure exerted by gas or.a liquid.
gases—exert pressure, A fluid at rest exerts / For example, it is important atalltimesto

# : ! )

o~

Fi',gu;egaﬂisf'luids exert pressure in all dlrectians,

r
g
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~ Chapter 9~FO

the steam pressure ififlde of aboiler. Onedevice
to measure pressure isthe Bourdon gage, shown
in figure 9-4. Its working principle is the same
as that of those snakelike paper tubes whichyou
get at a New Year’s party. They straighten out
when you blow into them. :

In the Bourdon gage there is a thin-walled
metal tube, somewhat flattened, and bent intothe
form of a C. Attached to its free end is a lever
system which magnifies any motion of the free
end of the tube. The fixed end of the gage ends in
a fitting which is threaded into the boiler system
80 that the pressure in the boiler 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 dial. The pressure, in psi, may be read
directly on the dial

Air pressure and pressures of steam -ancl
other gases, and fluid pressures in hydraulic
gystems, are generally measured in pounds per
square inch. For convenience, however, the
pressure exerted by water is commonly meas-
-ured.in pounds per square foot. You’ll find more
. about this in chapter’ 10,

POINTER -

. b
b —STATIONARY .
SOCKET

PRESSURE — ==
GONNECTION

Figure 9-4.—The Bourdon gage
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=
. as accurate as the Bour

_ PINION

easily damaged In addition it
where pressure fluctuates rapidlyi To overcome.
this, another type of gage the Schrader, was
developed. * The Schradgwgage (fig. 9-5) is not
=but iz sturdilycon-
structed and quite suitable for ordinary hydraulie
pressure measurements. It is especially recom-
mended for fluctuating loads.:In the Schrader
gage a piston is directly actuated by the liquid
pressure to be measured, and moves up a
cylinder against the 2 resistance of a spring,
carrying a bar or irdicator with it over a cali-
brated scale, In this manner, all levers, gears,
cams, and bearings are eliminated, sndasturdy
_instrument can be constructed.

Where accurate measurements of compar
tively slight pressures are desired a di
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 space between inner and outer
boiler casings. In this type of gage, adiaphragm
is connected to a pointer through a metal spring
and a simple linkage system (fig. 9-6). Onme side

SEGTOR

38,211

E
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.weather data is the barometer.

= B

Chapter 9--FORCE AND

ANL PRESSURE

e e A R

TERD ADJUSTING SCREW

38.212X
Figure 9-6.—Diaphragm pressure gage.

planned or cancelled onthe basis anEather pire=
dictions. Accurate weather forecasts.are madé
only after a great: deal of information has been
collected: by many absarvers located over a wide'
ared. v .
One of the instruments used in gathermg,
‘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. I the air pres-

that air from one or more of the surrounding
high-pressure areas is going 1ove in toward
you. Moving air—or wind—is one of the most
1mportant factors in weather changes I general,

sure is low in the area wher-ezou are, you.know

' if you're in a low-pressure area youmay Fﬂ{pfﬂjt

wind, rain, and storms. A high-pressure area
generally enjoys clear weather.” The barometer
can tell you the air pressure in.your locality, and

give you a rough idea of what kind of weuther

‘may be expected.

The aneroid barometer- shown in flg,mé 9-7.
is an instrument whiclf measures. air pressure.
It ¢ rmtam% a thin-walled metﬂ box from whicly

w ) -‘x ‘: '
' 5

U‘n

“fube,
the ¢ nlunm of melcéuy rises. At sea level, the

- . Figure 9.7.~An aneroid barometer.

system. If the. *pressure of, the atmosphere in-

creases; it tends {o'squeeze in the sides of the L

box. This | SquEEZE causes the pointer to move"
towards ‘the high-pressure. end of the scale. If
the pressure decreasés the sides of the box ex-
pand outward. Thzs causes the pointer to move
toward the low- essure end of the dial,

Notice that the’ m;lmbefs on the didl runfrom
27 to 31.-To understand why these particular

.nlimbers’ are ‘used, you have to understand the

nparitmn Df 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 above the mercury
in the tube, and the lowér end ofthe tube is sub-

merged in a pool of mercury in an open cup. .
“The Atl‘ﬂ()SphLIP presses down onthe mercuryin

the cup, and tends to push the mercuryup in the
“The greater the pressure, the hlgher

07

-rnc)st of the air has ‘been pumped A pointer is
mechanically c¢onnéctéd to the box by a lever



BASiC MAEEINES

‘HEIGHT OF .

- MERCURY . ;é
_COLUMN 1S 2
28

READ HERE

' ATMOSPHERIC
PRESSURE A
FORCES COLUMN
OF MERCURY
UP INTO

 TUBE

‘i"\

/ ’ , 69.86

>

normal pressure. is 14 7 psi, smcl the he1ght

‘of the mercury in the tube is 30 inches. As the

air pressure increases or decreases from day

to.day, the height of the mercury rises or falls.

A mercury barometer aboard ship is usually

mounted in gimbals to keep it in a vertical

- position deapite the rolling and pitching ti the
L, ship

"iPressures indicated on df?als of most gages
aﬁe relative. That is, theyare eithergreater or
1eg “than normal. Eut remember—the dialofan
/~angkoid barometer always indicates absolute
resiures, not relative, When the pressure ex-
byzany gas is less than 14.7 psi, you have
'g'galled a partial vacuum. The condensers

"7319 _tu:binés, for insta:me, are operated

‘V.VErjr. ',ig?h pressure is run n into the turbine and
;"q' ea the rotor to turn. After it has passed

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
is run through pipes which are surroumded by
cold sea water. This causes the steam in the
pipes to copdense into water, and the pressure .-
drops well below atmﬂs;pher_ic pressure,

‘It is irnpnrtant for the engineer to know the
pressure in the condensers ‘at all times. To
measure this reduced pressure, or partial vac-
uum, he uses a gage called a manometer,
Figure 9-9 shows you how this simple device
is made. A U-ghaped tube has one end connected
to the low-pressure condenser and-the otherend -
is open to the air. The tube id partly Hited 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,

and the colored water is forced part wayup into .
the left.arm of the tube. From the scale between
the two arms of the U, the difference in the
height of the two columns of water can be read.
This tells the engirieer the degree of vacuum—or
how much below atmosphgric pressure the
pressure is in the condensef.

]

'CONDENSER. "
( LOW
-, PRESSURE )

‘; R

PRESSURE

Figure 9-9.—A manometer.
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Hﬁ-e are seven pﬂlnta that you should

- remember—

A force isapushor apu]l e::erted on—or by—
an-object,

Farﬁe is generﬂly measured in pounds.

. Pressure is the force per unit area which is
- exerted on, or by, an object. It is com-

monly measured tn paunds per square

inch—psi. . _F
Pressure is ealculatedhy the fnrmula E=ﬁ!
’ . e

e "Xfl
- ’ a_,x'"
I ‘
« _fi
=
¥
4

e
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Bpring sca.les andlever balancea are :Eamil:la:
instruments you use for measuring

- forces. Bourdon gages, barometers, and

manometers are instruments fcr the
measurement of pressure.

The normal preBsure of the air.is’ 14.1 psi

" at sea level.

Pressure is generally relative. It is some-
times greater—sometimes less—than
normal air pressure. When presgsure is
- less than the normal air pressm‘e, you

call it vacuum,

- oy

-
-
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HYDRQSTATlC AND HYDRAULIC MACHINES -

~ HYDROSTATIC MACHINES L. ;:xressﬁre at each - level wouldn’t be soggreat.
Pressure, then, depends not only onthe epth, -
but also on the weight of the material. Since
you are dealing with pressure—force per unitof
L . i  area—you will also be dealing with weight per
~TYou Imow that Tiquids exért pregsure. In " unit of volume—or dens:q :
" order that your ship mayremain afloat, the water
must push upward on the hull. But the water is When you talk about the. density of a sub- .
1. , also exerting pressure on the sides. If you are - stance yau are t§11:lng about its weight per cubic
© billeted on a submarine, youare more conscious_ - foot—or per cubic:inch. For example, the density.
.. of water pressure—when you're submerged the \ of water is 62.4 1b, per cu. ft. This gives you a
sub is being squeezed from all sides. If- your \more exact way of c:ompa:ing therweights oftwo.
dutles include deep-sea’ diving, you'll (gcr over \materials., To say that leadis hefvier thanwat :
the side pumped up like a tn:-e is0-that you can  iSnt a compléte statement, A : ~caliber bullet 8
withstand the terrific force Of the water below. doesh’t we:tgh ag 'much asa pajl of water." ¢ 18
The pressure exerted by the sea .water, or by true,} however, that a cubic foot of leadwis lats
any liquid at rest, is called hydrostatic pressure. heavier than a-cubiec foot of water, Leacl has a
In ha:idling torpedoes, mines, depth charges; and greatér density than water. The density of lead
some types of aetrial Jbombs, you’ll be dealing is 710 1b, per cu. ft., as compared with 62 5 1b,
" with' devices. wh,u:.h are aperatEd by hydrostatlc per cu. ft. for water. -
: préssure :

MLIQUIDS AT REST

' Pressure depends on two factors—depth: and
‘In chapter 9, you found oyt that all ﬂulds .density—so it is easy towrite aforrnulathat will

exert pressure in all directionk, That’s simple help you find the pressure at any depth in ﬂly

enough. But how-great is the essureé' Try a liquid. Here it is—

little experiment. Place a pile of blocks in front .

of you on the table. Stitk the tip of your finger P=HxD b

under the first block from the top. Not mych -

pressure on your finger, is there? Stick 1# in in which

‘between the third and fourth blocks. The pres-

sure on your finger has increased. Now’'slide P = pressure, m lb per sq. :‘i,hl,l,j or lb. per
your finger under the bottom block in the pile. sq. ft. - '
-There you find the pressure is greatest. The H = depth of the. point, measured in feet or
pressure increasés as you go lower in the pile. inches. '

. You might say that pressure increases with . Al

- depth. The ‘same is true in liquids. The deeper and
you go, the greater the pressure becomes. But, B o
depth isn’t the whole story. D = density in lb, per cu. in. or in lb. per
: cu, ft, : t‘
Suppose the blocks in the preceding para-
- graph were made of lead. The pressure at any Note: If inches are used, they must be used
“level in the pile would B considerably greater. throughout; if feet are used, they must be used
Or, suppose they were blocks of balsa wood—the  throughout. "
58 - ot
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;:.>»;‘§e§t helﬂw ﬂle mﬁ‘face? Use the fnrmula—

' ';pm be (200 + 10) x 62.5 = 13,125 Ib.

’PEH:;D

1 200 :‘:sﬁ =12,500 1b. per sq. ft.

-Every aguare foot of the sub’s surface which

18 at that depth hasa force of over 6 tons push-

ing in onfit, If the height ofthe hull is 20 feet, and:
the area in question is midway between the sub’s

. top and bottom, you can see that the pressure

on the hull will be at least (200-10) x 62,5 =

75 1b, per sq. ft., and the greatest pressure
per sq. ft.
Obviously, the hull has to be made very strong

- to withstsnd suc:h ﬂressures.

Usi.ng PI‘EEELII‘E tﬂ Fi_re

Although hidlhg below the surface exposes: the

8sub to g—reat fluid ‘pressure, it also provides the

‘sub, \vith a great advantage. A subma:ine is hard
must éxplode within 30 to 50 feet c)fa subrna.;-me
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 estimated 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 dev‘lce A tube passes th:oughsits c\enter .

is the bocnster whiﬂh isaload of granular TNT to
get off the main charge. The safety fork is

Jmocked off on’ launching, and the inlét va.lve
_eover .is removed from an inlet thrc)ugh which
€ bellows beginsto expand against the depth spring,
depth’ charge gets about 12 ‘to 15+
:-gest below the surface; the water pressure is,

the water‘gleters.
When

ficient to eitend a bellows in the booster ex-
nder. THbellows &rips 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
is in this pocket, it cannot set oii the booster
cha:ge

Nothing further happens until the detondtor
is fired. As you can see, the detopator is held

"in the end of the pistol, \with the firfhig pin aimed

_a bellows into which the water rt

a

i
DETONATOR _
CGAvITY T =

DETONATOR *

Figure 10-1.=A depth charge.

at the detonator base. The bistol algo contains
ghes as the

" charge goes down. As the pressure increaseg, the

You can adjust this spring so that the bellows will -
have to exert a predetermined force in order t{‘fe '
compress it. Figure 10-2 shows you the depth..
setting dials of one type of depth charge. Sinc. ',
the pressure on the bellows depends directly.or
the depth, you can arrang t}D have the charge g~
off at any depth.you select”on the dial, When th.
pressure in the bellows b&comes sufficient! «
great it relefes the firing spring, whxch driv~
the firing irito the detonator. The boost:
already moved ini. position, is fired, and thi:
turn sets off the entire load of TN
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MECHANISM ——

4, 304

Figure 10-2. gYou Select the depth on these dials

These two bellﬂWssogerated by hydroétatic
pressure—serve two purposes. Firstthey permit
the depth charge to be fired at the proper depth;

carry. If the safety fork and the valve inlet cover

ing would happen. Even{if the detonator went C)ff\

should accidentally be Zmi:ked off on deck, noth-

while the charge was being h-;mdled the msjn
charge wopld not let go unless the
in the extehded position.

'I‘o keep a torpedo on course toward its target
is quite a job. Maintaining the proper compass
course by the use of a gyroscope is only part
of the problem. ’H“;g..t\qlrp'edo must travel at the
proper depth so that It will neither pass under
the target ship nor hop out o1 the water on the
~way. Here again hyclrostatic Jressure is used
to advantage.

As figure 10-3 indicates, the tin fish contains
an airfilled chamber which is sealed withathin,
flexible metal plate, or diaphragm. This dia-
pl‘u-agm can bend upward or d'owuwsrd against

termmed by settmg the depth ad]ustmg lcnoh

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

i

. a
LOW PRESSURE
AR

PISTON ROD

DEPTH ENGINE
-———LEYER

sPRING

T DIAPHRAGM

“CHAMBER’

Fig:uré 10-3.7_——1115165 a tDrpéd();

t5 bend down, If you follow the lever system, you -

can see that the penclulurn virill bé pushed for-

lum to the piston of the depth eng‘ine 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 connectedtothe
horizontal rudders as shown. When the piston
moves to the left, the rudder is turned upward,
and the torpedo begins to rise to the proper

epth. If the nose goes up, the pendulum tends to
ving backward and keep the rudder from ele-
vgtmg the torpedotoo rapidly. As lcmg asthe tor-
pedo runs at the selected depth, the pressure
on the chamber yemains constant, and the rud-

ders do not change frdm their horizontal position.

1
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Pressure and the
Deep-Sea Diver

-

hand

Navy divers have a practical, first-
knowledge of hydrostatic pressure. Think what

happens to a diver who goes down 100 feetto

work on 4 salvage job. pressure on him at
that depth is 6,250 1lbs. 1' . ft.! Something
must be done about thzu., or he’d be squashed
flatter than a pancake.

To counterbalance this external pressure,
the diver is enclosed in a rubber suitinto which
air under pressure is pumped by a shipboard
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"’halﬁpressdi'. Fertunatel:r, ﬂ‘xe aii‘ rmt cmly in-

- flates  the ‘suft, but gets inside of the diver’s
1 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 equal to the hydrcstatic
pressure.

As he gcres deaper, 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 uptoorapidly, he gets the ‘‘bends.”’
The air which was dissolved in his blood bégins
to come out of solution, and form as bubbles in
his veins. Any sudden release inthepressureon
a fluid results infreeing some of the gases which
. are-dissolved in the fluid. ‘

) You have seen this happen when yGu Suddenly
‘relieve the pressure on a hottle of pop by re-
moving the cap. The careful matching of hydro-
static pressure on the diver by -means of air
pressure in his suit 1s“§ssential if chvmg is to be
done- at all. ' -

A Sea-Going Speedometer

Here’'s another device that shows you how
your Navy applies its ‘knowledge of hydrostatic
" pressure. Did youever wonder how the skipper
knows the speed the ship is making through the

water? There are several instruments used.

to give this inforgiatton—the patent log, the
engine révmlutmn Sounter, and the pitometer
log. The ““PIT. LOGY is operated, in part, by
hydrostatic pressure. It really indicates the dif-
ference between hydrostatic pressure and the
pressure of the water flowing past the ship—but
you can use this dﬁferen;e to indicate ship’s
Speed.

' Figure 10-4 shows you a schematic drawing
of a pitometer log. A double=-wall tube sticks out
forward of the ship’s hull- ints water which is
not disturbed by the ship’s motion. In the tip of
the tube is anopening A, When the ship is moving

there are two forces or pressures acting on’
this opening—the hydrostatic pressureduetothe -

depth of water above the opening, andapressure
caused by the push of the ship through the water.
The total pressure from these two forces is

transmitted through the ceptral or white tube tor

the left-hand arm of a nitinometer.

In the side of the tube is a second opening
B which does not face inthedirectionthe ship is
moving. Opening B passed throughthe outer wall
of the double-wall tube, bui not through the inner
wall. The only pressure affecting this opening
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B is the hydrostatic pressure.- ~This pressure is

transmitted through the guter tube (shaded inthe
dr'awmg) tC\ the rlght hand arm ofthe manﬁmeter

sure through both cxpemngs A and __B is the same,
and the mercury in each arm of the mgnometer
gtantls at the samelevel. However, as goon as the
ship begins to move, addltmnal pressure is de-
veloped at opening A, and the mercury is pushed
down in the left- hand, arm and up into the right-
hmﬂ arm. of thé tube The faster the Shlp goes,

md the greater thP dlfference will be between

. the levels of the mercury in the two arms of the

manometer, The speced of the ship can be read

directly from the calibrated scale on the mano-

meter.

Incidentally—since air is also a fluid—=the
airspeed of an aircraft can be foundby a similar
device. You have probably seen the thin-tube

" sticking ‘aut from the leading.edge of-a wing, or

from the nose of the plane. Flyers call this tube .
a pitot tube. Its fundamental principle is thé
same as that of the pltnﬁlEtF‘l‘ log. :

F

SUMMASY

The Naﬂ uses many devwé‘g whose Dperatlon
is dependent on the hydrostatié¢ principle.. Here
are three points toremember 'ﬂmut th? operation
of these devices.

Pressure in a liquid is exer ted éqgally inall
directions: '
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yau are talking about thé pressure at any
' in a lquid -that is riot flowing.
Presme éepends upon ‘both depth and den-

sity.

Thg ""{c\rmula for ﬂnding pressure is—'

p-uif

HYDRAﬁLIc MACHINES

o Perhapa ycmr eaﬂiest contact thh a hy~

i

'*maéhiﬁewg—whew you got your 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

§yau that oil under pre sure below the plston was‘? '

older, you prnmbly discovered that the filling
station atteadint could put a car on the gtbasing
rack, and—by- some mysterious arrangement—
jaek it head-high~ loubt the attengant told -

doing the job.:
Come to think abt;:ut it, you’ve probably known

'somethmg about hydraulic:s for a long time.

“discovered that liquids and gases could be used”

Automgbiles and airplanes,use hydraulic brakes.

As a bluejacket, -you 11 have to operate many -

hydraulic machines, so you’ll wantto understand
the basic principles on which they work.

" Simple macpines such as the lever, the in-
clined plane, the pulley, the wedge, and the

wheel and 3xle were used by primitive-man. -

But it' was considerably later before’ someone

to éxert forces at a distance. Then, avast num-
ber of new machines appear'ed A machine which
transmits forces by means of a liquid is a hy-
draulic machine. A variation of the hydraulic
machine #s the type that operates by the use

mf a compxjssed gas.'This type is called the

- pneumatic nfachine, This chapter deals only with

basn: hyc%rauhc machmes

v Paseai’s Law

‘a pressure apphec:l to any part of a confined fluid -

A Frenchman natned ?asaal discovered that

is transrﬂiﬁeé to every- “other part with no loss.
The pressuf’g

to the w3l}

Eut rei:’qiber this—when you are talking ~
ahgut thg"

fragulic pmnclple as applied to a

1 Ynu use the. termhydrostaﬁe prassure whien -

. acts with equal force on all equal”
. areas of the ecmfinuig walls, and perpendicular

hydraulic maehine, you are talking about the way

a liquid acts in a closed system of pipes and
eylmders Theq action of a liquicl under such con-

ditions is somewhat different fran‘l ita behavior -

in open ccmtain’ers! orinlakes, rivers, oroceans.
You should 3lso keep in mind that most liquids
cannot be compressed—aqueezed into a smaller

- gpace. Liquids dongt “give’’ the way air does

when pressure is agplied nor do liquids expand
when pressure is removed.

LY

Punch a hole in a tube of shaving ¢ream. Ii

you push down at any point on the tube the cream

" comes out .of the hole, Your foreé hasbeen trans-

mitted from one place to another by the shawing
cream—which is fluid—a thick liquid.. Figure
10-5.shows what would; happen if you punched .

four holes in the tube, If you press ori the tube

at one point, the cream comes out of all four®
holes. This tells you that a force appliedona
liquid is transmitted equally in every direetim
to all parts of the container. Right there you

" have illustrated a basic prmmple of hydraulm

machines.
This prmciple is used in the operation of
four-wheel hydraulic #utomobile brakes, Figure

'10-6 is a simplified drawing of this, bt,a]ie sys-
tem. ‘You push &own' Dn\t‘: brake pedal and- .

force the piston in the.makter cylijjder against .
the fluid in that cylinder is pu W sBts up a.
pressure on the fluid just as your finger did.on.
the shaving cream in the tube. The pressure Dq
the fluid in the master cylindgr is transmitted

‘thraugh the lines to the.brake cylmders in each

wheel. This fluid under préssur‘é pushes agamst
the pistons in each of the brake cylinters and
forces the hrike shoes out against the drums.

4
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Figure 10-5.=Pressure is transmfited. in
all directions. )

]
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cross-sectional area of one sq. inch. In each

Pe arm there’s a piston which fits snugly, but which

g can move up .1nc1 down, If Vau pia«:é a one- pmmd

BRAKE SHOE
: flmn‘zz 10- 8 . .
e Thus you see that 'h pressure of one pound
g\?EquEDRER per sq. in. applied tl()Wllel d on the right-hand

BRAKE piston pressure of one pound per s, in,
“upward against the left-hand one. In other words,
not onlv- is the fores transmitted by the liquid
arourd the curve, but the force ¥ the same on s
ench unit area of the container. It makes no “#
(hifcl H](Eah(ﬂ\f hm" tlw I“F)nn(i\"‘tlﬂff tubé 15 or

- ever, tlnt tht Eutluf by,‘ﬁtt‘lll ‘DE full (11 hqm%
#1.280 .

: systems will fail to operate properis

Figure 10-6,—Hydraulic brs if air isvpresent i ‘he lines or cylinders

New look figure 10-9. The piston on the

Mechanical Advantage . richt has an area of one sq. in., but the piston

" Through Hydraulics R on the left has an area of 10 8q. in. If you push

‘ down_on the smaller piston with @sforce of one

The next thing to understand about hydraulic  pound, the liquid will transmit t.is pressure to

machines ig the relationship between the v square inch of surface inthe system. Since

vou applv and the result vou get. Fipur 10-7 he left-hand piston has anareaofl0 sq. in., and
will help you an<his. The T'-shaped tuln hi 1‘6 h square inch has a force of one phund trans- <
Titted tu it, thp tntal F‘f :Ct is tﬁ pu%h on thE "

¥ will be:r Luppnl te d hv tha one- pmmd fm CEEDI i
the smaller piston. ’
There vot have a one- puu,ncl {§'LISx -ulting

in a wW-pound foree, That’s a mechanical ad-
vantage of ten. This is why hydraulic machines

* . ’ 5,181
. ) 131.49 Figure 10-§.~Pressure 1%‘@& same onall parts
Figure 10-7.—The liquid transmits the force. £f an enclosed liquid.
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are 1mp¢jrt*1nt Here’s a forgnula which will help
you te figure the forcessthat act in a hydraulic
machine--

F

-
In whieh F & force in “gﬁunds,

épplia;:! t 7 e
small piston, -

: BASIC MACHINES ’

‘this knowledge g the simple system in figure .

Where's The Catch% I
% .,’ ! E

that you cart fget §amethmgmr nathmg. Applymg

10-9, you knthw th
farrze from aone-p{

t you ean’t get a 10-pound
wd effort without sacrificing

distange. "The one- ﬁDLmd effort will have to be”

'apphe ‘through a much greater dlstantzéthan the
10-pgaind force will ‘move. If you raise the 10-
pmm ~ weight thraughﬁ_ a distfance of one foot,
through mhat distancé Wlll”t’hp one =pound effort
have to be ag,ehed? Rerhember —if you neglect
friction, the 'ﬁt&'k done on any machine equals
tie work done By that machine. Use the work

_formula, and syou can find how far the,smaller

plstnn wﬂl have W move.

Wurl\ input = Work output

, F XD =F,XD, |
By substt tutmgs 1XD, = 10X1 4
and— D= 10 feet, :

Thére’s the cateh. The smkller piston will
hawe to move through a distance of 10 feet in
order to reédee the 10-pound load one foot., It
looks then as thnuﬁ‘h the smaller cylinder wsuld

‘haveé to be at 1Mt 10 feet lon: ~ 1dthat wouldn’t

Fqo# forcé, in pounds, applied-to kt'l';_E\
large piston, ’ ' -;
Ay =area of small piston, in square
: inches, L
Ag =area of large pistun,\ in square

inches.

Try Dut the for##ula on the hydraulic presg
in figure 10-10. The large pistoly has an area of
90 sq. in. and the smaller one an area of two
sq. in. The handle’ exerts a total force of 15
pounds on the small piston. With what total force
will the.latge piston be raised? i

Write down the formulu—

Tt

Substituts the kﬁ()wz;values;

Ty 90
Uric —
. gu X 15 e
P 5 L 3 15 = 675 pounds,

oy

. be practienl. Actually, it isn® necessary—if you

put a valve in the syStem. g »
The hydraulic pI‘ESS in figure 10-10 contains
a valvé fog ]us‘t‘iﬂu%purpnse Asthe small piston
niyves down, it forces.the fluid past the check
valve, A into the large cylinder. As soon as you
§t§1~t to move thegsmall piston upwhard, the pres-
Zure Lo the right of the cl}eck valve A is removed,
and the pressure of fluid below the large
piston™ hz‘;lp‘: tge checkvalve spring force that
valve shut. The Mquid which, has passed through

the valve ppening on the down stroke of the smalll -
spiston is trapped in the'large eylinder.

The small piston rises on the up- strrﬁte unt11
its bottom passes the opening to the fluid reser-
voir,
and intothe small d$linder; The next doyn-stroke
forces this new gharge ot Pluid out of the small
eylindet:past the check valve into the large ¢vl-
inder. This process is repe: ated stréke by atfnk{:
until ehough fluid has been forced into theslarge
cvlinder to raise the large piston the raﬂliged
(hqtdn( e of one frmt

<1

The fnx‘m: haq bepn applu:d*

L)

More fluid is sucked past a check valve B Y 4

e
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; » Figure 10-10.=Hydraulic press. ,

Xbut it was done by m‘ak:mg a-series of relatively

i

* the cotton.

~ tion.

"
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short strokes—the sum oi all the strokes bheing -
equal to 10 feet.

Maybe you're begmmng to wonder how the
large piston gets_back down after ynu’ve baldd
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. Whenthe gate
valve is opened, the fluid flows back into the
reservoir. Of course, this valve is kept shut
while the pump is in opecration,

Hydraulié¢s Aid the Helmsman

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

Many of these machines are hyﬂrauht‘ There
are several types of hydraulic and electro-
hydPaulic steering mechanisms, but the simplig
fied diagrdMn in flgure 10-11 wilk help you tn
understand the generalprinciples of their dpera-
:Ag the hand steerifig wheel is turned in a
counterclockwise direction, its motion tugns

the pinion gear g.»This causes theleft-hand rack

rl .to move downward, and the right<hand rack

to _move upwarg. Notice that each r#ck is
atta 1ed to a piston Py or P3. The downward
mothn of rack r; moves piston pj downward in
its cylinder®and pushes the oil out of that cylinder
through the line. At the same time, p#ston po
moves.upward and pulls oil froh the right-hand
line into the gjght-hand cylinder. '

‘electric motor.

If you follow 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 td the hy-
drquhf‘ pump. At thIS pmnt an electric motor

Dll is pumped un,dér preqsure to the twg big
steering rams R and Ry, You can see that the
pistons in these rams are connected directly to
the rudder crosshead which controlsthe pnsmcm
ot 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 %mall force ap- .

plied on the steering wheel setsin Totiona ser-
ies of operations which result in a force of
thousands of pounds, >

Getting Planes on Deck

The- swift, smooth power requiréd to get

‘111‘131:1;195 fram the hanger dec‘k tf) thE f’lifht dec‘k N

1*1g‘urea. 10-12 e}fplams hnw thls hftm;f, is dm}e.
A variable-speed gear pump is driven by' an

reservoir-and is forced through the lines to four
hydraulic rams, the pistons of which raise thée-
elevator platform The oil under pressure exerts'
its foree on each square inch of surface area of
the four pistons, Since the pistons are large, a

AF

Oil enters the punwp from the -
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Fisure 10-11. ~Steeriny 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
cylinders and back into the reservoir.

' Submarines Use Hydraulics

Here’s another agplication of hydraulics
which you wi}l{fi'fg ix?beréstingi Inside a sub-
marine, between thd outer skin andthe pressure
are severalLfanks 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 bulanege 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 watgr 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 iplown’’ free of sea water
with? compressed air. Sufficient air is then left
trapped in the ‘tinks: to prevent the sea water
from reentering.

H
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Other tanks, such as the variable hallast
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
emergency weight compensating purposes. The
variable ballast tanks have no direct connection
to the sea. Therefore,water mustbe pumped into
or out of them. The negative tank and the safety
tank, however, can be opened to the gea through
large flood valves. These valves, as well as the
vent valvds for the main ballast tanks and those
for the safety and negative tanks, are all hy-
draulically operated. The vents and floodvalves
are outdide of the pressure hull, sosome means
of remote control is necessary if they are to be
opened and closed from within the submarine.
For this purpcse, hydraulic pumps, lines, and
rams are used. Oil pumped through tubing run-
ning through the pressure hull actuates the
valve’s operating mechanisms by exerting pres-
sure .on and nioving a piston in a hydraulic cyl-
inder. It is easier and simpler to operate the
valves by a hydraulic system from a control
roon than it would be to do so by a mechanical
gystem of gears,
draulic lines can be readily fgd around corners
and obstruetions, ahd a t gmum of moving

parts is required. aats
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shafts, and levers. The hy<
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, Figure 10-12,—This gets them there in a hurry. /

Figure 10-13 is a schematic sgketeh of the
safety tank—one of the special ballast tanks ina
submarine, The main vent and the flood valves
of this tank are operated hydraulically fromre-
mote control; although, in an emergency, they
may be 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 mea
hydraullf 5yst;ms, le w1ndhs=_.5 md

4131)11(
tmns uf hydraullcg can he fnuml dh(hllﬂ the

submarine,
The Accumulator

In snme hydraulic systems, oil is kept under
pressure in a container called an Au’u%u
Figure 11-14 shows you this large cylin

the: A free pl.:tf!rl

tup nf which o0il is pumped.
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divides the cylinder into two parts. Compressed
air 1s forced in below the piston at a pressure
of, #ay, 600 psi. Oil is then forced in on top of
the piston. As the pressure above it increases,
the piston is forged down, and squeezes the air
into a smaller space. Air ir elastie—it can be
compressed under pressure—but it will expand
ag soon as the pressure is reduced. When oil
pressure is reduced, relatively large quantities
of oil, under working pressure are instantly
available to operate hvciraullcarims or motors

any place on the sub. A am
SUMMARY :
&
The working principle of all hydr Jull(ﬁ meéch-

anisms is simple enough. Whenever vou fmd an
application that seéms a bit hard to understand,
keep these points in mind—

Hydraulics is the term applied tc the be-
havior of enclosedliquids. Machines
which are ape
gure are called hydraulic machines.

fed byliquids under pres-=-
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Figure 10-13.—Submarine gpecial ballast tank (safety tank).

of the larger piston and the area of the
smaller piston. ’ 4

Liquids are incompressible. They canno@be
squeezed into spaces smaller than they
originally occupied.

A force applied on any area of a confined
liquid is transmitted equallvto everypart
of the liquid. '

In hydraulic cylinders, the relation bhetween
the force exerted by the larger piston to
the force applied on the smaller pistonis
the same as the relation betweenthe area

dre=— .

can readily transmit for

ners. "
Little space is required for tubing.
Few moving parts are required.
Efficiency is high, generally 80:295'%.
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Tubing is used to transmit forces, and tubing
ces around cor-

Some of the advantagesof hydraulic machines
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s%ﬁless than sliding- fription. To take advantage of -

’ xpefmlt‘s anly one form of motion, as rnt'xth
_ any ‘other, f[‘here are two basic -

;
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MACHINE ELEMENTS AND BASIC MECHANISMS

MACHINE ELEMENTS

Any machme, hDWEVéI‘ simple, utxhzer-, one:

or more basic machine elements or mechanisms
in its- makeup In this dhapter we will take a look

at seme of ‘the more. familiar élements and

ljner:hamsms usad in naval machinery and équlp-
ment.
-

"BEARINGS

i In chapter 7 we. saw thqt wherever two ob- -
jects rubagainst each other, friction is produced.
If- thes surfiaces are very smooth,
be little friction; if either or both are rough

there. will

there will be. more -friction. FRICTION is the
re&stance to any force that tends to produee
motion of ¢ne sarface over another. Whei you
are ¥rying to start 4 loaded hand truck mlling

you have to give ita hard tug (to nver\agme the .

reﬁstance of static friction). to. get 1t ‘started.

s rollers: Thatisbeesuse roling ffidtion is always

this fact, rollers or beajmgs are-ised in Ma-
chines to reduce frigtion, Tubricants onbearing
s@"&ces reduce the friction even further.

“A'bearing is a’support and guide which, t:arfma -

a moving part (or parts) of a machine 'md main-
tains the proper relationship hetwaen the mnv‘mg
part or parts and the stationary part. It usuall

frmﬂﬁinai ‘liy’-pe (roller and ball bearings).

Sliding Type (Plain) Bearings

'\{g,

In be:u‘mgs of this type a film of 1ubriv:.mt

separates the mavmg pa{t from the stdtujn.lry :

-»cqlled a laminated sleeve bearing.

pPI"fﬁ
examplé is the railroad car,
“with roller bearings fo eliminate the
troubles of journal bearings. .

_around . ana’efthrnugh them @nd some hav

ipgs: sliding type (plam hearmgs),?: additional

bon or guide bearings, and mtl-’

B9 -

part. There are three types of sliding motion
bearings in common uge: Reciprocal motion

i
\

\,s

- bearings, journal bearings, and thrust bearings. '

’17 RECIPROCAL MOTION BEARINGSpro-

ViﬂF 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
pistonsy, Similar bearings are used on the con-.°
necting rods of large internal -combustion en- 4
- gines,
‘cams.,

and in many mechamsms DpEI‘BtEd by

5 JOURNAL BEARINGS are.uged to guide

and support revolving shafts. The shaft revolygs:

in a housing fitted with a lineér. The inside of
the liner, on which the shaft bears, is made of

* babbitt metal or similar soft alloy (antifriction
'_;ﬁetal) to¥ reduce friction. )
., backed by a bipnze or a copper layer, and that ¢
has a. sf:e 1 .Bdick for strength. Sometimes the
"bpgrmg 15? made_in two halves, and is ] ;

Sﬁartmg to slide the same load Acrass the deck?-"’f—nr Sireweqi drTind the shaft (flg 11-1).

awauld require a hzi:r‘der push thm starting it on .

The. soft metal is

" Under f1Vﬂer1F CDnditanS the frictiomun
]nu:nal bearings is1 rkably small. Howeviis
when the rubbing spéed of a journal bearmg 1

iver‘y I)D’W or extremely thigh, the friction loss

may hecome excesgive when gpmpared with the

nance of a rblling surfﬁce bearingAgood

now be.ﬁg fitted
[ ; mG! 1

i Heavy- duty bearings have Cﬂl c1rcu1 t gl

holing system that circulates wat

-around the bea,rmg Although revoly g the Steﬁ
shaft againat babbitt met@;aduces ess friction
{and therefore less heat d wear) than steel
agajhst stebl, it is still a pr@blem fakeep the
parts‘dool; You know what causes a
ing’’’ oh your car, amd how to prevent it

The san

311 Navy Eqmpmént only more so, because
,-33‘

‘burned out

e care and lubrlmtmn are necessary -
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—CONNECTING ROD
BABBITT METAL
.COPPER LAYER
-STEEL BACKING

= STEEL
CRAMK SHAFT

CAP

5.20
Figure 11-1.—Babbitt-lined bearing in which
steel shaft revolves.

5 3

there is alot of equipment, and¥hany lives depend

3. RUST BEARINGS are used on rotating
shafts, such as those supponting bevel gears,
worm gears, propellers, and fans. Thev are in-
stalled to resist axial thrust or force and to limit

BASE RING
KEY

BASE RING
KEY SCREW

BASE ¢
RING ‘

{OWER LEVELING
PLATE

LEVELING PLATE

UPPER LEVELING
— PLATE

—— SHOE SUPPORT
SHOE BABBITT

THRUST
COLLAR

S g

LEVELING PLATE
SET SCREW

THRUST
SHOE .

axial movement. They are used chiefly onheavy
machinery, such as Kingsbury thrust bearings
used in heavy marine propelling machinery (figs.
11-2 and 11-3). The base of the hoysing holds

aft and two
or more stationary thrust shoes on either side
of - the collar. Thrust is tran itt{%d from the
collar throush the shoes to the gear'housing and
the ship’s structure to wgiéh the gear housing is
holted,

and Ball Bearings

You have had first-hand acquaintance with
ball bearings since you were a child. They are
what made your 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 ringsJcalled RACES),
hardened steel balls or rollers, and a

> surfaces and the rolling elements. There

i
A

SHOE

COLLAR
LOWER LEVELING
PLATE

UPPER LEVELING
PLATE

LOWER LEVELING
PLATE

SHOE +

Figure 11-2,—Kingshury pivoted-ghoe thrust bearing,.

70 J 7"
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£

LEVELING PLATES OIL WEDGE

BASE RING ——

DIRECTION OF

ROTATION
38.86.1
Figure 11-3,-Diz g‘rimmatic arre Lu wnt of u
Kingsburg thrust bearing, showing oil film.
are seven basic types of antif ctional hearings
(fig. 11-4).
1, Ball bearings
2. Cylindrical roller bear ings
3. Tapered roller bearings
4, Self-aligning roller bearinvs with =phe r-
ical outer raceway

bearings

5: Self-aligning roller
ical inner raceway Ky

with spher-

areustallv easvio
cleaning, ‘,m,t,l Ti-
placement nf part:a Bﬂl bi ar mf;;, however, are
assembled by the manufactuvrer and installed,
replaced, as aunit. Sometimes maintenance pub-
lications refer to roller and hall bearings
being either thrust or radial bearings, The dif-
ference between the two depends on the angle
of intersection bgtween the cetinn of the load
and the plane of rotation of the bear ine. 1
11-5A shows a radial ball bearing *itmuhlv
The load here is pressing outward : ;
radius of the shaft. Now suppose a strong thrust
were to be exerted nn the v 1"11t end of the shaft,
tending to move it to the 1aft, You can =ce that
the: radial bearing is not designed to support this
4xial thrust. Even putting a shoulder betwee nthe
1ol and %hv mng_ race wouldn’t do. It mml/l {]t

s

I3 .",‘

,_)71

T‘% AND BAEIC‘\%EC‘HANTEMS

: out of theu races., The answer
is tn : - the races differently, as in figure
11-5B. Here ig a thrust bearing. With dghaulder
under the lower vace, and another between the

it will handle any axia

load and the upper race,
1oad up to its design limit, Sometimes bearings
are desiened to support both thrust and radial
loads. This is thr: u\’pltumtmn of th% té' 1
"RADIAL THRU 3
bearing in £

Antifriction
ines than other
pacity, and  can

SPRINGS

are clastic bodies (generally metal)
i twisted, pulled,

1, or tlE’tf‘llF[l by
and whieh have the ’113111’fx tu retur n

ir orizinal shape when the fo

to the

All springs used in naval nle y are made
of metal—usually steel, -though some are of
phosphor bronze, brass, or other alloys. A part

that is subjectito constant spring thru'%t
sure 18 sald to hPhPRING LOADED. (80 :
ponents that appear to be spring 1111:1(1?:6

actually under hydraulic or pneumatic pr FSSS}‘E,

or are moved by oights,)

Functions of Springs

Springs arg s, and one
gpring may serve more th:m one pur,pn:a ;. Listed
helow gre some of the more common of these
functional purposes. As you re: il them, try to
think of at least one familiar J})})llf‘itl(ll]()f%‘d( h.

1. To store energy for part of a func tioning
cyele, .

2. To force a component to bear against, to
maintain contact with; to engage, to disenga
ts renmin clear of, some other compo

1. To coonterbalance a weight or thrust
(“1 avitational, hydraulie, ete.). Such springs JI‘

usually valled eq qlllbrgtm %prmg
4, Tn maintain electri

: pm 1n1t sOne freednm mf mnvvmﬁntl [

7,
tween sonents without disengagjhg’
them. are sometimes called weeup
springs,
of:
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QUTER RING

fﬁ

INHER RING

A. RADIAL BALL BEARINGS

.~ SEPARATOR
F. BALL THRUST BEARIHGS

Types of Springs

As vou read different books you will find that
authors do not agree on classification of types of

gsprings. The names are not as important as the
1

types of work they can do and the loads they car
bear. We may say there are three basic tvp 5!
(1) flat; (2) spiral; (3) helical or coil,

-

~J

E. SELF- ALIGNING ROLLER B
WiTH SPHERICAL INNER EACE\'IAY‘

5.21

1. FLAT springs include various forms of -
elliptic m‘ leaf springs (fig. 11-7A (1&2)), made
up of flat or slightly curved ].)dl‘{':, pl’ltés or
1 and special flat spring fig. 11-TA (3)).
A special flat spring is ‘made from a flat stri ip .
ur bar, into whatever shape or design is cal-
culated to be best suited for its position and
purpose, ’

o
7

78
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RING
ACE

INNEF
BALL

SEPARATOR

— QUTER RING
BALL RACE

7 #5.21
\. Radipl t¥pe;

2. SPIRAL springs are sometimes called
clock or power springs (11-7B), and sametimes
coil springs. A well known example is a watch
or clock spring, which is wound (tightened) and
then gradually releases the ‘péwm as it unwinds.

A_lthough there is good dutharlty for ‘calling
this spring by other names, to avoid confusionwe
ghall copsistently call it SPIRAL.

3 HELICAL springs then C%ﬂlpd 51311"11 but .

mast common ty‘pe of spr‘mg, Thev may be? u:n:cl
in compression (fig. 11-7D (L)), extension or
tension (fig. 11+70-(2), or tuision (fig. 1»-7D
(3)). A spring; uséd in compression tends to
shorten in action, while a tension spring

i ' o

73

requires.,little space,

TRUNNION
BEARING
BLOCK <

TRUNNION
BEARING CAP-

ROLLER
BEARING

TRUNNION
BEARING

- 84,120

‘Figure 11-6.—Radial-thrust roller bearing.

tu trmsmlt a tw1st m::tead C)f a dll‘ECt pull ancl
operate by coiling or uncoiling action.

wddition to straight helical springs, cohe,
double cone, keg, and volute springs are al3o
classed as helical, These are usually used 1n
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 manclrel 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 111u5trateﬂ) is two cone
springs joined at their large ‘ends.

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

A conicil spring can be _pressed flat so it
and it is not likely to

buckle sidewise.

4, tzﬁszcm BARS (fig. 11-7C) are straight
bars thagare arhadun by torsion (twisting force).
The’bar ##ay be . ircular or rectangularincross




(1) ELLIPTIC OR LEAF

K

B SPIRAL SPRINMG

BN

(1) HELICAL COMPRESSOH SPEIHG

]

(3) SPECIAL FLATY

C "':;i:f‘" {3) HELICAL TORSIOH SFRING (1) HELICAL COHE OR YALVE SFRIHG (5) YOLUTE SFVEin- !
e D teica or colt serings
P _ 84.131
Firure 11-7, ~Tvpes of springs. :
gection; or less commonly in othe: "511;11)(,%‘, It BASIC MECHANISMS ’
muay also be a tube, . e h o
- . . . . e Tt GEAR DIF TIAL
5. A special type of spring iz a RING TE GEAR DI FER_EN .
SPRING or DISC spring (not illustrated). It is A gear differential is a mechanism that is

mdade of a number of metal rings or dise
overlap each uther—,@‘ £

a

54,3 ,
%
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{‘;lp;lhlé nf adding and subtracting mechanically.
To be more predise, it addsthe total revolutions
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of two shafts—or subtracts the total revolutions
of one shaft from the total revolutions of another

‘gshaft—and delivers the answer by positioning

SR
Each of the SDIdEI‘- gears s and the end gears
_are bearing mounted on their shafts and are free

to rotate, The spider shaft is r igidly connected

a third shaft. The gear differential will add or . with the spider cross shaft at the center block

gsubtract any number of revolutiorg, or very
small fractions of revolutions, cantinuously and
accurately. It will produce a continuous series
of answers as the_ 1npflt5 change. :
Fizure 11-8 is a cutaway 'drawing of a bevel
gear differential showing al! its parts md how
they are related to each othem Grouped a1 und
the center of the meﬁbtuu%‘m are fqur bevel

‘gears, meshed together. "The twn bevwl gears on

either side are called ‘‘end gears.” The two
Hevel gears above and below are called *spider
gears.”” The long shaft running througl the end
gears and the three spur gears is ¢alicd the
“&pider shaft.”” The short shaft 111nmncrt}il ouzh
@ spider gears, together with the apnlm‘ UOars
called the spider.’

where they intersect, The ends of the spider
shaft are secured in ﬂmwe&, or h'mgérs,but they
are bearing mounted and thie shaft is free to
rotate giita axis, It follows then’ that to rotate
the spid® shaft, the spider, consisting af-the
spider cross shaft and the. spider gears, must
tumble, or spin, on the axis ofthe gpider shaft,
inasmuch as the two shafts are rigidly connected,
The three spur gears shown in figure 11-8
are used to connect the two end gears and the
spider shaft to other mechanisms. They mav be
of -any convenient size. Each of the two input
spur gears is attached tn an-end gear, An mput
}’,tf,ll‘ uul:m uulnvnr tU“PthF‘ are ("ﬂlcd a "‘Suic:

put soar, 08 dpslg‘nntwrl in f1gure 11 8. Tlu is the

¥

SPIDER

CROSS SHAFT
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only gear thaj: is pirmed tﬁ;pmer shaft. All of

the othey gears, both bevel and spur, in the dif-
‘ferential are bear;ng mounted.

Figure 11-9 is an exploded view of a gear
differential showing éach of its individual parts,
* and figure 11-10 is a schematic sketch showing
the relatmnslﬂp of the prmciple parts.

e N
How it Works'

‘ For the preserlt we will assume that the twn

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 sither an mput
or an output. Now let’s look at figure 11-11,

In this hookup the two end gears are positioned

by the input shafts, which represent the quan-
tities to be added -or subtracted. The spjder
- gears do the actua] 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 drfferenw of therevo-
- lutions of the end gears. .

‘ Suppose-the left side of the differenti
rotated while the other remains statn:)n,fu y,asin
block 2 of figure 11-11, The movingend gear will
drive the spider gears, making them roll on the
stationary ;lght end gear. This motion will turn
the  spider in the same direction as the input
_ and, through.the spidef shaft and output gear, the
output shaft., The output shaft will turna number
of revulutmns proportional to the inputs

131. ‘35

. FlgUI‘F‘ 11 9, sExpludEd view of differential -

gear systenm.

=4

al is,

w

, “y "

~ INPUT GEARS ’

SPIDER *+ . ‘

_ SPIDER"SHAFT -
QUTFUT GEAR
e SPIDER GEARS
: 110.8 :

Figur 11=1() —The differential. End gears and

apider arr :mgement

If the right side is now rotated and the left
side held stationary, ab in block 3 of figure 11-
11, the same thing will happen. If both input sides
of the differential arc turned in the samedirec-

tion at the same time, the spider will be turned ,

by bbth“at: once, as in block 4 of figure 1111,

The output will be proportional to the sum of the ~

two inputs. Actually, the spider makes only half

as many revolutions as the sum of the revplut:ians_ .
of the-end gears, because ‘the spider gears are-

frw to 1011 bEtWE‘EH the end E,F‘AI‘S 'Ta unde:—

HFI eac ylmdrwil drmkmg glaas is r@llegl along

a table top by pushing a rdler across its upper '

side. The glass will roll only half as far as the
ruler travels. The spider gears in the differential

1(111 against the énd gears i exactly the same,

way Of cqur 5@., the answer can be corrected by

o v @‘\ o,
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110.;

131.56
Flg:ure 11 12.~The spidét makes only half as.
many revolutions,’.

\»,

uging 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
opposdite directions, the output of the spider shaft
is proportional to.the difference of the revo-
lutions of thg two inputs. Phis is because the

"spider gears ﬁre free to turn, and are drivenn

“directions for an unequal numt

opposite ‘directions by the two inputs, If the two
inputs are equf and opposite, the spider gears
will turn,  but there will be no movement of the
spider shaft. If the two inpygs turn in opposite
er of révolutions,
the spider gears roll on the end gear that rnakes
the lesser numbér of revolutions, rotating the
spider jn fhe direction of the input 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
ohange in the gear ratio tg the output shaft can
then give us any proportidhal answer we wish.
We have thus far been describing a hookup
wherein the two sides are inputs and the spider

shaft the oufput, As-long as it isrecognized that-

‘the ‘spider follows the end gears for half the

- ically may be uged.

sum, or difference, of their revolutions, how-
ever, it i3 not necessary to always use this type
lmol{up The spider shaft may be used as one.
input and eitheti*of the sides used as the. other.
The other side will then become the output.”Th
fact permfts three different hookups for any gi
differential, as is”illustrated in figure 11-
Whichever proves the most convenient mec 1

In chapter-14 of this; h@nl{ the differential as
ugsed in the automobilé-will be, déSii?I‘led Tlu-::

- differential }8 similar in prmc}ple but, as you
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o instanes, valves oin, -L-rh‘it‘—h?{«il'\uﬂig‘

to anothiér 1

Fioure 11-13,—Anv of these threee hookups can be used, .
. o .
will see, is someydat different inits mechanicala linkave. Adjustmients are normally made by

makeup. In chapte
tion on differentials
puters.

B,

5 vouwill he given ith!"l'll;H
as thev are used in Ponn-
r -‘,
;i%‘ ¥
} LY

LINKA Y
A Ik niay consistof cithed oneor eom-

ttm o hedollowing basie part:

1. Rod, shaft,Dr plunger
2 Levir

1. Rocker arm

4, Bell crank )

These parts combined qres used to transmit
Hmitid votary or
divection of o otion,, cams are
linkaw .

Lever type linkawes (fig, DI Thsaee used in
cnuipment which hoasgdo be opencd and closed

U] it thie

tems, sates, clutehes. cluteh-=solinobl inter-
leeks, wte. RocKer armas o omerelvavarintion,
O speeial use, of levers,

Rell cranks are used prinseily to transmit
motion frow o link traws Tiner i o dlrection
cwhichigtoby movedin o differe it
direction, The bell frank = notated o i
pivot, and the two Tinks are comneeted
points in ditferent diveetioas o the pivet, T
_properly loesting the eonneetinn podrtts, the ot

o=l

diréction, _

CALL linkages roquire ocowsionagl acdqustments

o repalr, ;{J;llv’fi,(‘l!]ill‘]‘%' when thy v boeone worn,

T anake, the 13vl‘v?po-I‘EJl}ljll.‘-lt“l']h*nt.Lé. A person st

B familtar with the hasic parts whicheonstituts
-

linear nwotion. Tooehoaness the

engthening or shortening the rods and shafts,
by means of a clevis or turnbuckle,

e
COUPLINGS *
In a broad sen=qd the term eoupling”

,,,,, two parts to-

Ctleer, Line shafts which are made up of several
chafts of Jdifferent Lengths may be held together

by any of several tvpes of shaft couplings, When

shatts e wery closely aligned, the sleeve

voupline. as in ficure 11-15% may be used, It

coqrdists of a4 ometal tube slit at each end. The

‘,
“litted ends enable the elinnps to fasten the sleeve
securcly to the shaft ends, With the clamps t
can4l, e shafts are held firmly towether §
turn as ome shaftoe The sleeve coupling also -
b . ~ s P |
a4 convenient ﬁgh"vwé for making ad-
b twoen. units, 1 weight at the

ipplies 73 any device that holds

=0V

=t

Ths
apposite end pf the elamp fronf the screw is
merely to olfset the Wt of the serew and .
clanip avnis.s H\,gdiﬁtrihuting the weicht more
cvenly, shaft vibrationis reductd,

The Gidham coupling, named for its inventor,
e to transmit 1‘«»%1*}’ mntinn between

justme nts

- hey
adts which ave paggdlel Dt not necessarily
vivs igpenteet alisnment. ! '

A Oledham eoupling (fig, 1¥a16), consists of
o pair nf disks, one flat and the other hgllow,
The se digks  re pinned to the endsofthe shafts.
A thivd (centeridisk, with o pair of lugs pro-
jooting from each face of the disk, fits into the
clobe between the two cnd disks and thus enables
cae shadt to drive the othier shaft, Acoll spring,
Botised within t center and the hallow end disk,

TH

2 g k ’3
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90° CRANK

SLIDING
CLUTCH

Figure 11- 14 —Linkages. .

forces the center disk 1gunst the fht’{hsk Wh@n
the coupling is assembled on the ghaft ends, a
- flat lock -spring is slipped into the SRAG > ground
the coil spmng The ends of.the flat spMng
formed sb that when thaefld 2ok
{nto the propér place, the &ne ;
,'shed out and locked around the 1 18 £s. A IDCH
wile is passed between the holes driljli thmugh
the projecting lugs to guard the asgggbly. Jhe
\cnil spring compensates for any change in shaft
length. (Shaft length mgy vary due to changes in
temperature.) . *

CLAMPS

» . 12.51
Figure 11-15.—Sleeve coupling,
The disks, or rings, cormecting the shafts
lt‘w 1"21}1111 imount d{ radial play, and this
lows a small amount ofsmisalignment of the |
fta as they rotate. Oldham type coqplmgs can
hensmsﬂv connected and disconnected. .

A universal joint is the.answer when two
shafts not in the same plane must be cbupl&d.
Universal joints may have various forms, They\{;.
are used in nearly all types and classes. of

An elementary universal Jaint
is a crygssshaped part which holds' the
wod allows each yoke to bend,
or p;vut one wi, respect to the ‘other. Witl’;’*
this a;lrangemént, % shaft can drive the other
even thmugh the anglé between the two is ag great
as 25° from alignment. Figure 11-18 shows a
ring and trunnion type of universal joint. This is
merely. a slight’ modification of the old Hooke .
joint, This type is commonly used in automobile
drive shaft systems., Two, and- sometimes
three, are utilized. You will read more about
_these in ¢hapter 14 f this book.. Another type of .
iversal joint is us where a smoother torque '
transmission is desired and less  structural
strength is required, This is the Ben,’i}ﬁ Weiss
universal joint (fig. 11319): In this e of joint, -
four’ large balls trangmit the rotary force, with
a smaller ball as a gpacer. With the Hooke type
of ‘unigersal joint, a whipping motion occurs as
the shafts rqtate—the amount of whip depending

on thet AFgrEE of shqst misalignmnrent. The Bendix-.
WEISS toint doeg not have this dlsadvantage 1t

& 25 )

L&k ' :

al
l

gnchmex Vo
X \ sometimes, called a Hooke joint-(fig. 11-17),

/ ~ congists
= ends ofkt 18

twa U- Sh'lpEd yokes fastened to the
shaftg to be'¢onnected. Within these.

vc)ke‘s:
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Figure 11-16,—0Oldham coupling.
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. transmits rotary motion with a constant angular
velocity. This, type of joint i8 both more ex-
pensive to manilfac:ture and of less strength than
the Hooke types, however.

The following four ty'pes of couplings are also
used extensively in naval equipment:

1, The fixed (sliding lug) coupling is non-
adjustable; however, it doeg 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
couplmg hubs, each splmed to its respective
shaft,” are bolted to the fletal disk. The flexible?
coupling provides a small amount of flexibility
to allow for a slight axial misalignment of the
ghaﬁtsf '- : :

3, The adjustable (vernier) coupling g\pro-

des{ a means of finely adjusting the relation-
‘ship of two mterco:mectad rotating shafts, (fig.
11.22), By loasemng a clamping bolt and turning

- an adjusting worm, one shaft may be rotated

while the other remams stationary. When the
. proper relationship’ is attained, the clamping

bolt® is rf;twﬁ!'en@,i, locking the shejts together

aﬁ'élﬂ

o - '\_{ R 80

4, The adjustable flexible (vernier) colplig

(fig. 11-23) id simply a cbmbinatign of - %ﬁ

flexible disk coupling’andthe ad]ustalie (vernier)
&

couplin
gp g - « ry
- ]
3 . H
CAM AND CAM FOLLOWERS ¥
L R o &

3 A c;-%n is a speﬁlally #haped urface pro-
]ef‘tmn or gl"aove whose movement with réspect
to a part in cﬂn’tact with it (camfollower) drives
the cam fqllower in an#ther ‘movement in re-
sponse. A cam ma¥y be @ projection ona revolv-
ing shafe (or on a wheel) for the purpose of .
changing the dlreﬁtmnﬁg; f motion from rotary
to up-an {-dowr!, or vice versa.alt may be a .
slidi rfiece or a groove to lmpart an eccentric
motion, Seme cams do not move at all, but cause
a change of motion in the L‘Dntactmg part. Cams
are not ordjnarily used to transmit power inthe
sense that gear trains are. They are generaHy
used to modify mechanical mevement, the power
for which is furnished through other means. They
may control other mechanigal units, or lock
together or synchronize two or mnre Enmﬁmg
units. - . 9 '

, N:
8 ’

» L}
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Figure 11-17.—Universal joint”(Hooke type).
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e b’ " o FA Iei - ngdg ggripherai cams, also ﬁl‘lléd disc e»\
SR Coeatt cﬁ,;s, : orate’ a mechanism in one direction

el

S onl 2. vity or ‘a spring being relied upon to,
. hal {¥he cagn roll in contact with the edge of th
cam.- Thé shape of the cam may be made to guit’
the* action required, such as heart - shapé.
Face cams haye a groove or roll path’cut jn
the face and operate a lever:or other mechani .
‘positively in both directions, as the roll is al- ﬁ ‘
T ways guided by the sides of the: slot. Such,ag
LEDUPUNGHUE _ groove -can be seen on top C!f the bolt of the
A ST E Browning machine gun, caliber ,30, or infiré =
o .control cams. The shape of the gro6ve may givé
- .-« -its name to the cam, as for example, constant
T - lead cam, square cam, ryn-out cam. 1 —
N ‘The toe and wiper cam shown inﬂgurel —34 ¥ i
#~~COUPLING RING ) (d) is an example of a pivoted beam B o

ERRPIE o DS S

! P "
o * S . - L
! L éLUTC.HES SV

o R _ 8 L

. TYPES f Tev g

. A (:hﬁc:h is a form of c:cmpling which- is -
designed to connect or disconnect a driving an e
4 driven member for stopping or starting the "
‘driven part. There are two general classes of »
clutches—positive clutche’s and friction clutches.” (x

- Positive .Clutches. ‘Positive clutches have

~_teeth which interlock. The'simplest is the jaw .

a,
o

or claw type (fig. 11-254), which is usable only = .
at low speéds. The spiral ¢law or ratchet type + v
(fig. 11-25B) cannot be reversed. An example )

84 133 3 . of a clutchis seen in bicyc:les-it engages thes
rear Spracket ‘with the rear . heel when t

: C o . pedtls are pushed forward.y’ a.nd lets the rear . .
Types and U5es ‘;{ _fk'& - wheel revolve freely when the pedals are stopped..
Wil Frictioh Clutches. The object of a friction
. ‘C‘ams are of n ',"y shapgs and Sizes and are  clutch is to connect a rotating member to one, i
Wigdely used in malines and machine tools (fig. that is stationary, to bring it up peed, and to’
11—24) Cams may b classified as: transmit "power with a minimuni of slippage.sy
".ﬁ},erSdl&l or plat:, ams _ - ' Figure 11-25C shows a cone clutch cnmmonlfg )
! 2.- Cylindrical or. bafhgl. 'anis used in motor trucks. They may be single-cone

7 ,ﬁ 3.. Pivoted beams - % or doublé-cone. Figure 11-25D shows a disc
r.‘ - Assim#lar grouping of type§ bf camsis: Drum clutch, also used in autps. A disc clutch may ?.
- or barrel canis; bdge cams; faaascams ~ also have a number of plates (multiple-disc
) +The @rum or barrel cam ha# a path.for the clutch). In a series of dis¢s, each driven disc
wx'roll or follower cut around the outside, and im- - is located between two drﬁfmg discs, Yo may

partﬁ to-and-fro. megion to a slide or lever in have had experience with a multiple-dis€ clutch

a7 eparalleltc the axis of the cam. Sometimes  on your car. The Hele-Shaw clutchis acombined '
i’ thESE cams are built up on a plain drum with conical-dise aluteh (fig. 11-25E). The groove
cam plates attached. 3 permits circulation of oil, and cooling. Single~

M ‘ﬁglate ‘cahs are used in 5''/38 snd 3"/5() _disc clutches are frequently dry clutches (no
{_guns to opejl the breechblock during counfer- lubrication); multiple-disc clutches may be dry
,,‘E:Qﬂ, ‘ - : g .or wet (lubricated or ruh in oil).

5 . | - 82 S
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if L Figure 11-22.—Adjustable (vernier) coupling, .
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. . Figure 11-23. < Adjustable flexible (vernier) coupling.

Magnetic clutches are a recent development

in which ‘the. friction surfaces are brought to-.

gethgr by magnetic force when the electricityis
turned on :(fig. 11-25F), The induction clutch
tranamits power withmrt cantac:t between driving
and driven members.-

Expanding clutches or rimﬁutches are
named according to the way the pressure is
applied “to the rim—block, aplit-ring, band, or

o roller. In one type of expanding clutch a power-

ful effect is gained by the expandmg action of

" right-and left-hand s8rews as a sliding sleeve

is moved along a shaft, and expands the band

£

11,133.4

against the rim.: The centrifugal clutch is a
special application of a block clutch. )

Coil clutches are used where heavyparts are
to be moved, as in a rolling mill, Great frictign
ig caused by the grip of the coil 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 servg
also as clutches, af"e usedinthe hyﬂra&gc A-end
of electric- hydraulic gun drives. v LY
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Figure 11-24.—Classes and-types of cams.
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~_. (B) SPIRAL CLAW OR RATCHET TYPE

1
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Figure 11-25. —Types of clutches.
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simple machines. If you’'ve beeh studying well,
you ghould be able to predict what will happen
‘when a force is applied at a given point in a
simple machine. Make 2 step-by-step analysis,
and yow’ll discover that complex machines are
not as complicated Qy\xiiysterious asg they first

appear to be. ’

"PORTHOLE CLOSER—BLANKET

) PULLER-UPPER

Take a good look at figure 12-1 and read the
‘directions for operafion. This machine was
invented by a guy named Oscar. Sea waterenter-
ing open port is caught in helmet (1) hung on
rubber band. Rubber stretches and helmet is
pushed down against shaft of Ausgtralian spear
(2). Head of spear tips over box of bird seed (3)

which falls in cage (4) where parrot (5) bends

over to pick it up. Board strapped on parrot’s
back pulls on string (6) which releasesarrow (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-
‘xwheel (9) turns gears (10) which wind string (11)

n drum (12). This pulls blanket up over Oscar.
Arm (13) pulls on cord (14) and raises board

‘ference how big

attention to the important fact that a complex
machine is nothing more than a ggmbination of
two or miore=siqple machines, conveniently ar-
ranged-to do théyjob at hand, It makes no dif-

you can figure out how ity works if you under-
stand the operation of the simplé machines from
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 mevement sys-
tematically, step-by-step, to the business end.

3

FUEL-OIL-HATCH COVER

Here's a complex mechanism that is easy
to figure dut. 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 consistg 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 seefns

under alarm ¢lock (15) sliding same into bucket.

of water.
"In case of mechanical breakdown at any point
in thétsystem, helmet is tipped by off- genter peg
(16) emptying water into funnel (17). Pipe (18)

directs water onto Elmer, who is sleeping below.

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

. 4
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a likely spa

this handle 2Kif it were the spoke of a wheel.
Suppose you®
clockwise direction. That will cause the nutn
to move upward along the threaded bolt." One
complete turn of the handle will cause. the nut

‘emember that you can consider

to move upward a distance equal tq the pitch of

the -thread on the bolt. The ¢ollart follpws the
nut up and permits the lever arm 1 to rise. The
other part of the lever arm L will move dewn-
ward. Since 1 i much shorter thanL, the down-

ward movement of the cover willbe'muchgreater .

1

iq 7;3‘1/‘ *

r'complicated the machine is,

Brn this handle in#a counter--

. ,\ [ — [}
| CHAPTER 12 v
} ) : ’ g
" COMPLEX MACHINES <
. N .' o . T ’ o ' o ) .'if"" T T '——#‘r—:—‘s,—,aq
We've been studying only the more simple Youwll probably agree that thisnightmare isa
machines so far. Now that we’vedlearned about complex machine. But, if you look carefully, you
them, let’s take a.look at some. complex ma- can See that Oscar . has put together several
‘chines. One of the first things you should learn sgimple machines to make this complicated de=
is to recognize the simple machines whichmake vice. He has used a couple of levers, several
.up a complex machine; for a complex machine blocks, a gear train, and you can even find an
is only a combination of simple machines. Inthe inclined pjane under the alarm clock. .
examples given in this chapter, look first for the While this gadget is nonsensical, it does call
L Y
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. than the upward movement of Me Collar. It’
‘a ‘‘“speed-up’’ arrangement,
The hatch cover is closed by turning the
handle eounterclockwise, and is opened bytwen-
ing thg.handle clockwise. This combination of Pwo
simple machines 15 better mechamcally than
one machlne ¥
Hegg!s -how to go "about figuring out how a
complen mdchine works. Locate the point where
- the energy /is applled and look over the part of
the machine next in line. You say to yourselfi
‘“0OH, yeah, this 1& really a jackscrew'’'—or a
wheel and axle, or whatever the machine hﬁpens
tQ be “If I turn 1t clockwlse thén the Biece
: this arm “to méve to the rlght And since the
arm is part of a first-class lever, the ‘other
end will move over to here totheleft,”’ In every '
¢ase, you follow .through in a similar manner
frorn one part to ‘another—carefully, determining
the direetfon and magnitude of the motion.
Perhaps you will want to know the size of
. the fonc
. machiné, ®or perhaps the mechanical advantage
up to_a point. Remember that the mechanical
i _gdvantaéof a complex machine is equal to the

Y

product of the
“simple machine from 1

cover 1

.complex machin

that is exerted at some point in the ¢
: th‘e right‘ pmnt‘a on drive link 1 mciwes to the*

'me’cha'ﬁ_i cal advantage of each
nich it is made. ‘

Ass 'mé sonte numerical values for the hatch

allow 18 inches for thelength of the wrench from L
the end of . thehandle tothe cgnter of the bolt. Let .
the pitch ‘of the thread be /4 ineh. The c:qllar

and the center of the cover liés 18 inches fmm i

- ,the fulerum alopg'arm L.

The thecretical mechaniﬁal advantage of the
jackscrew can ge found by using the formula—

m r = ’

p

M.A.

14;:{13 118 _ '
174 - IR

Smce jackscrews rarely have af efficiency of
better than 30 percent, you’d be wise to multiply
this theoretical mechanical advantage by 0.30,
which gives an actual mechanical advantage of
452X 0.30 = 136 for this part of the machines

Now figure what thelever actién does for.you.

2X3.

_ The theoretical mechanical aclva,ntage of alever.

system can Qe found by dividing the length of the
resistance arm by the length of the effort arm.

@

M.A. =-

T 18

= n\ -

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 affc»rd

to sacrifice force for distance.
The overall meehanical advantage of the

" machine is equal to the produgt of ‘the two

mechanical advantages, or 136 'i .278 = B7.8.

This ig the standard method for flgurmg the-;,
M. A of.complex machines. ,
* B %

A WA?ERTIGHT DOOR * .. ~

" ;
:Figure 12-3 ghowa you 1 ,watertight door—a \
that is a. combination of a

wheelsand-axle tand ‘a syster of,levers: That

‘big centdr’ handle A is the point af input, which

is- the place to start. If you 'pull the handle to-

t That’s gding. tg make pomt b on the same
11n, move to.the leff. Now look at drag ljnk 2.

N

3

figure 12-2 and see how you ean cal=—.
. culate the mechanical advantage. For example,



It will be movéd

- line 2 moves in’ the
& arrowy That ‘action r
“hand—end of the hellc
is extended to the loc
time drag link 4 mowv:
pivoted fo the left-h:
you follow the ‘move:
that as its end a mowv:
~ of bellcrank 5 into th

" Now come back b

- ' Its motion is indicate
. lever 6 outward and
and at the Same tii
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F‘;gure 12- 3 —A not=too=-complex machme ’ i
‘ ~ . - ’ 2

left. P\Q;xt a on drag downward. This. motion causes 1ever 8 fcs be
ion inditated by the ’ swung in a clockwise direction until it too jocks.
th,e outer—or right- You can segthat lever arm 9 follows the move-
upward, andthedog ment of 8'¥nd thus causes the dog at the top of
pgition. At the same the door to swing into the. locked position. o
nward—because itis Probably, (at first glance, thig mechanism
d of bell-crank 3. 1 I'DD ed highly complicated. But it isn’t.so tqugh.
f link-4-you will see o figure’ out, after ail. . .

n, it raiges the end b e .

ng position. | . :
ngt b of lever arm 2.

1arTrow. Endb moves ' ‘ ' oo
he locking position,. ‘The standard typewriter (fig. 12-4) is agood
1sgs arm 7 to mgve egample of basic, or simple, machines combined:

r

P Cot ‘
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'keyb‘cqid ’fitfr shifting the S
.4p and down, as necks

bebarsand segnieni_s

y, in order to use

,!%

Figure 12-3.=It works ton.

ﬁ .
to make up a cnmplex machine. Injthe fnllrmmﬂ‘ -

text and illustrations, seel how many basic °
. machines you Lanskdent;fy. s o
“CONSTRUCTION ANB DPE.RATI@T{ SR

keys, bars, levers, etc., which are used w

" mechanism (e lamédlater) controls the space-

The keyboard of a thF‘WI‘ltéI‘ C'nnihim.: Jll&
h

operatmg the maf‘hme

'

Q

E

Aruitoxt provided by Eic:

"Each type key operafes a typ~ har with

type heady
When a

ving two characters (top and bottom).
the

y- ts depressed,

type head s

RIC

carried, up -by.
gulde where it sirikes a rlbba,n in-frontof [Li})é

system.of levers inth the fV[)F'

on the platen (rollet¥ fmiprmt::.

characters (soldered on thetype head). . .
The bar at the lnww front ;insltlnﬂ of the

ktﬁvbnard 15 fnr 51}:{( ing ‘the ei;ampément mee

nnP

of t!_le;{

o -r-‘

- ) L]

5 ‘»-" "§o

_ch¥ racters in the upper. and 10wer positions on
the type héads Other'keys are for backspacmg,
setting and clearing the tibulator mec:h:amsm,
margin ‘releasing, and so forth. There is also a
ribbon -selector lever, and another lever fDr»— ;
changing direction of the ribbon.

"A typewritef carriage is pnsﬂ:lcmedunorbep
twcr-:;n rails, and ridesupon some ty’pg of roller or

~ bhall hearinfrs This carriagé mcludésthe platen
<. and all parts of the typewriter which ride with it.

The energy which drive&ithe carriage while the
machine is bemg operated comes from a main-
sgrmg enclosed in a metaldrtum. A l‘stche‘t wheel
‘and pawl hold the malnsprlng in ‘the pOSltan .
aesmed for a cértain amount’ of tension. A draw -

" 'band connects the end of the mam@‘rﬂ:g to t}ie

ﬁght end of the carriage
‘The ¢ '11;1age rack, through the eqcapemenra

by-space nfove 1ent of the carriage. Thgteeth of -
the rack niesh/% 2 escapement wheel pi
The radk and fpinion arexonventional spur@r"
and 13% Hmblies.- The}:,}mtm whenturnedby”
movenfent ofthe carriage riL}F' turnsthe eséapefg- .
«ment wheel. ‘The movement ‘of the escapement
wheel is limitedbythe escapément rocker, which
moves forward and backward. each time a key or
the space bar is depressedand released, moving
the carriage one-.space. Thus the E'L:apemen*
rocker allnw§ the caxriage toid move on yqnet*ypp .
.Space each timg akeyorthe ::pacebar is struck.
Movement of the carriage for each fype space is
controlled by the escapement wheel held by the
LO®SE dog of the escapement rocker. The es-
capéme‘nt -whéel’ may rotate during regulartyping

the.f E%Lapement whEEI When thg escapement
whteel shaft ' turns, it also feeds the rlbbon
through the ribbon g_u:de ~

The platen holds-and controls thepap’
ypewriter amrriage and servesasabacks

iﬁw typeface when it strikesthe paper. Attherleft

*%nd nf the []l'ltt‘:n there isa ratchet w‘hlch 15 held
mnved hx, tln c:frrmg,e I‘aturg lgver Dntheleft DI .
the carriage. The, function' of-this ratchet is to
establish evenly- spaced t%aed knes amthepaper

‘In the mijddle of the left platen knob in figure
1224 .2 variable line spacer.is indicated. This
var mble line spacer is actually a clutch between
tife rtchet and the ptaten; it holds the ﬂlaten
ratchet in a fixed, locked relathn to the platen
By pushing the yar iable line-spacer in w1th the -

- ‘f);- ‘ . Lo ¥ .~ ;E,' ;ﬂ"ﬁ_
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left hinﬂ ﬂ!e Qpemtqr releaaes the elutch and can -

~ they tur;z’ the FREE .platen- tcy!an}t deaired po-
sition, forward or, ‘backward, ‘with either hand.
- ‘The’ n’ne finder méchai

faiilsm on 4 typew:'iter re-

. lﬁaaﬁs the ratchet detent and enables the @peratt:r '

' 'to/return the platen to an established writing -
a__li'ne withﬁut using ‘the variable mechgnisrn

SC.‘AE!MENT MECHmSM

The escapement mechanism’ (fig IE-S)is the
‘‘heart’’ of a.typewriter. It controls movement of

" the carriage during typing, allowing it tomoyea
“prescribed distance for each actuation off the
* escapement dogs (illustrated). The escapement

is actuated once every tim,e a ty[f key is de=-.
[

’pressed and released, or Oﬂi:é with h actuation

of the space bar.

..An gscapement consists primarily of& wheel -

(with teeth ‘on .its periprgter)-avhich works in

conjunction with two hoMing dogs in a pivoted

" rocker mechanism. Study the illustration. Asthe
dogs are moved back and forth, the wheel fteeth
contact the- dogs alternately, resul,i"g in the
rotation of the wheel in EQUAL move ents or
steps.

" The escapement rocker rocks forwakd and
backward with respect to the front of the type-
writer. This rocker containsthe loose ddg (catgh)
and the rigid (statlonary) 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 pérmits the ESEEDE—

ment wheel to rotate. As the loose dog moves

ESCAPEMEHT

‘ WHEEL TOOTH
LOOSE bOG
SPRING
\i
7
.
-
LOOSE DOG STOP LOOSE DOG
SHOULDER HUT
@ ot _ °
. Figur

off :E;lféﬁﬁpge';neﬁ#%éél tootk; the sfationary dég

‘moves between . the teeth of the escapement

wheel, limiting the rotation of the escapement
wheel to the distance frorh one tooth to another. .
- When §f pewriter is not in use, one tooth of

" the escapement wheel rests against the LOOSE

"dog body is rocked to the rear, mo

DOG. Note the position of the loosedog in figure . .

12-5 (rear view). Tension of the carriage main-

apring creates a force on the escapement wheel”
and overcomes the tension of the loose dog
spring and forces the loose dog agamst a stop.
When a key is depressed, or tl’h;,r space bar is -
depressed, the upper portion of the escapements.
s ing the loose
dog out of the path of the wheel tooth. A the same’

time, the rigid dog is moved-imo the path of the

WhEEI tooth and the tooth stops against the rigid
dog. When the 'looge dog is disengaged from ap -
eacapement . wheel ‘tooth; - the-loose -dog spring - —
pulls the loose:dog to a posxth:m hatfway between .
the next tooth and the one from wmeh it was
disengaged.. s

When the escapement mechanism returng tt:,
its normal position, the Jloose dog engages an..
escapement wheel tooth and'is forced back .
against the loose dog stop by the pull of the matr-".
spring on the carriage. The escapement is then
completely restored and ready for the next cycle.

The sequencafcf 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 00G
_AGRINST 5TOP

ESCAPEMENT
ROCKER

LOOSE DOG
S$TOF

61.39X
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The t’ypb pﬂnts cmtha psper}d the rﬂ:bcm
. 1s_advanced 1/2 space by the ribbon feed
"mechanism,

-3,. The éscapement rocks, all@wing the es-
capament wheel to advance 1/2 space; and
- the eseapement wheel pinion and carriage

"

feed rack. al,low the’ carriage to move 1 /2°

space.’
4. The escapement’ returns to its original
pcsition allaw‘mg the cirriage to move
¢ 1/2 space and thé ribbcm to advance'1/2
gpace.
TYPE BAR_ MECHAMSM» )
“The type bar mechamsm carries the type
bar up to the platen when a key is depressed,
The manner in whiech this mechanism works is
~illugtrated in. figure 12-6. When a type key is

.depressed, it pivots and depresses a spring be--

neath (key lever tension spring). At the same
7 timie, it pulls the bell crank forward ang causes
it to ‘pivot on the fulcrum wire whu‘ﬁl passes
thraugh its-base. A wire link between the bell
erank and the type bar then pulls thebase of the
type bar forward, causing it td pivot on the ful-
‘cmim wire and move the type bar into the type
‘guide (fig. 12-6). When the type 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 t¢ 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 reieased the key levertensiori Epring

lever up, returmng the type bar actmn met-h=
anism to its REST pt)sition

While the type bar action mechanism is

+ operatigg, the key lever "And the ribbon universal

bar 4also actuate the rlbbor; 1ift merhamsrg .

3 k)

" The func,tian ofthe ribbon drive mechanism jis
to moye-the ribbon from one spool to a'nuther in
bar is depreé‘séﬁ and to raise the rﬂjﬁgn to the
line of type. Refer to figure 12-7as you study
how-the ribbon drive mechanism works.

When the typewriter carriage moves ona
space to the left, the escapement wheel (fig.
12-7) rotdtes the distance of one tooth. A small
gear on the Escapement wheel shaft meshes with
a srﬂalJe

-]

a sprocket and -chain on. the Dther end of the
shaft to rotate. The chaln which passes’ over
this sprocket drives another gprocket wheel 8n
the I‘ﬁ end of the ribbondrive shait (fig. 12-7).
Two {dler pulleysguide the drive chain and main-
tain pmper tension on it, ‘

* When the drive chainturnsthelarge sprocket
wheel on the ribbon drive shaft, a smallgear on
he drive shaft meshes with a rﬂ:bon spool shaft
éear (right or left) and drives the ribbon spool -

haft. , When the ribbon spool shaft revolves; it -
turns a ribbon spool on top and windathe ribbm-
in small' increments onto it. If the ribbon drive

vghaft is shifted to the right, autcmatically-or

4

-ribbon gpool shaft.

manually, the right drive shaftgear meshes with
the right ribbon spool shaft gear and revolves the

is shifted 'to the left, the gear, on its left end

drives the left ribbor spool shaft and winds the

ribbon to the 1eft,

4

-

Ribbon Drive Shaft Detent

right or left. A slot in the lever limits the

{

When thg ribbon drive Ehaft '

{b@n by shlfttng a reverse lever (flg 12- 7) to ; .
e

aynount of spacg’the lever may be moved, and a
‘'small spring retains it in "theposition to whmh it
is modved. Thereararmofthereverse lever fltS
in a ndtch in the collar on the left end of the

ribbon drive shaft, and moves the shaft to the *

right or left when the rlbbon reverse lever iz

- moved.

" Ribbon Reverse Mechanism

95 !xﬁ’) - Co

?

~ The function of the ribbon reverse mechantsm .
is to reverse the rigbon autoniatically fromf a

full ribbon spool to the empty rlbbd"nSpool ‘The

action of this mechanism ensuresutlhzatlon of

the ink the full length of. the ribbon and the.
same degiree of brightness of- ¢olor in everyline ..
of type. The ribbon reverse mechanism is 11-3

lustrated in figure 12-7..
Note the ribbor spnal ribbon reverse trigger,

ridgon reverse plunger, and the reversing can
‘on khe ribbon driye shaft.
T

he end of the ribbon is attached to the rxbbtm .

spool by a catch. As long as there is one com-
plete turn, ‘of ribbon on the riBbon spb6ol, the
ribbon reverse trigger is held in the IN position
and the trigger holds up the plunger i ide the
ribbori spool shaft, so th‘flt the lowWer end & Lhe

ar on the ribbon feed shaft, causmg \‘ pluniger does not C‘ﬁ mto‘*&antact with the
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reversing cam on the ribbgn tdrive shaf{ as it . spool and releasgs,its_ hold on ‘the top pf-the
rotates. ¢ ribbon reverse plunger. As the,ribbon reverse
When a ribbon spool starts itslastrevolutige | pmnger drops dgwn, it fnnvqs into the path of a
before becoming- completely empty, the ribhbn réversmg cafn an the ribbondrive shaft, causing -
reverse jtrigger which hasbeenholding the ribpt » drive shaft to move laterally, t.hergby disen-
reversé-plunger up, moves DUT from the rib on ﬁg ing the drive shaft gear from the ribbon spool
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aha.tt gear at one end and engaging the drive
‘shaft gear and Qppasite apool shaftgear at the
other end.

» As the ribbon starts to wind Qnta the empty .
ﬁbbnn gpool, it pushes the ribbon reversgetrigger
in, causing the other’'end of the t:igger 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 Mechamsm

* The ribbon lift mechanism lifts the ribbon to.
a position in which it may be struek by the type
, when its presence is requfrecl and Eolet it dOWn
is being tyt:ed) Study lllustration 12-8 as yau
follow the description df the operation of this
mechahism.

When- a tjipe 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 theU-bar and
the ribbon guide actuating lever. The ribbon .
guide actuating lever is connected to the ribbon
guide (carrier) and raises it when the key is
depréssed Epmgmg the nbbon up in position to
be strutk by the type head.. A spring provides

_tension to restore the ribbon gmde actuating
Jdexgr. -

' evj’ate that the ribbon g‘mda artuatmglever has
a horizontal 8lot inthe middlegand the horizontal
slot has anindentation jnits upper surface. Thén
note the ribbon guide actuating lever link shift
1lever connected to the left end of the ribbon-
ghift shaft. On_ theTight end of the rlbbfm shift
shaft is the ribhdn shift detent to which the ribbon
bichromeé shift lever i8 cofinected, ¥ .~

When the ribbon biéHtome shift l.q.var is in

- the BLACK' posgition, the ribbon guide actua
lever link~ghift lever moves to, pnmtltm
ribbon guide actuating lever link 4t the front
‘end fblack posttion} of the horizontal slqt in

. riblion guide wctuating lever, Now; when aééh

Cieis. depressed, the ribbon guide actuating level

¢ ,moves the rlbl;cm gufae in pGEltan for the !?ype ¢
head“to strike the upper fbhlack) pazrt—:lmn of thee
ribbon. If the ribbon bichrome shift lever is
moveéd to the WHITE position (sterfell), the ribbOs
guide acztuatmg lever link Shlft\'IEVEr moveas the -
#ibbon guide,actuating lever link to the E‘Eﬁtéi‘
of the hDﬂ;G{nta/l slot in tha.ribbon guide actuating™

"Iever When type keys aredepressed, the Pl};btm ¥

] f b ’ g:".
A

AN

guide -m:tuatmg lever link moves u@ and dowﬁ
in the vertical slot of the ribbon guide actuating
- 4ever without mnving it, enabling the, typist to
print characterg diréctly on the stem:il hecause
there is no ribbon in Irent of the type heads.
If the ribbon bichrome shift lever is moved to
the- RED . position, 'the ribbon guide actuating

lever link shift lever moves the ribbon guide’

in the ribban guxde actuatmg leVer If typing is

_aone with: the ribbon guide actuating lever link

in this position, the ribbon guide actuatinglever
carries the ribbon- guide high enough for the
type heads to strike the lower (red) portion of
the ribbod. . .

Having Lhree positions for setting the ribbon
lift mechanism perhxi.ts efficient use of a stand-
ard two-color typewriter ribbon and allows the
typist to cut a stencil by merely moving thé "
ribbon bichromé shift lever to the WHITE posi-
tion. ;

BACKSPACE 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 depresse théback- .
mace keyleVer link causes the bel crank tos
prOt and transfer the PULL to a horizontal’

plane. The backspace slide is ‘then moved to the
left at thetwo guide slots shown in the illustra-
“tion. This action causes a backspacing pawl to’
engage a tooth'on the escapement-wheel pinion
‘and tyrn the pinion clockwise until the pinion
pawl on the escapement wheel moves over one
tooth on the pinion. Since the carrlagé rack is
eﬁgaged with the escapement wheel plmon the
csrmag‘e is qlsa mo¥vé&d back one space to tFe
‘RIGHT. .

#i i o
%:—JABULAT@R MECHAM’EM - o\
The tabulator mechamsm oj}aa typewriter
ey enablesthe typistto moyethecarrfagea definite,

e
predetermined distance 1)32 depréss,\ig the tabu-
lator bar (fjg. 12-10). Refe¥to this illustration
frequentlv as yau study the mfanner in which the
tabulatcar mecha P
If the mbula sto% are set as shown at’
. left-centar in flgu‘t‘e 12-10 and the tabulatgr
bar is depr‘essed the tabulatorbar frame raises
_the key Eét tahulator (KS”T‘) stop blade gnd ap
Arnl On tﬁé KST stop blade contacts an

Fraises .
; wd ; : * ) y .

¥ ]
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the tahgiptor lever actuating plate in front of
vthe KST frame, causing the shaft to rotate. ‘A
shoyt arm (shaft arm) attached to the end of
. thts shaft moves down and depresses the tabu-
Yatqr lever, which pivots, and a roller on front
‘%ﬂ he tabulator lever lifts the carriage feed

¥
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+ SHIFT LEVER
£
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ragk out of mesh with the escépement’ whegt

pinion, allowing the carriage to move tothel ft.
By the time the ¢arriage feed rack is raised

out of mesh with the pinion, the

stop, as shown in figure 12-10 (left;center).
. , -, .

RIBBON GUIDY St e
_ ACTUATING LEVER T
y  LINK SHIPT LAVER o . R

(- ’ - 4 =

T stop blade.
'has moved up into the path.pf’a set tabulator

RIBEONSHIET . miphoN SHIPY-—— RIBBON-SIHET, ————4

1o: BN
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1 v =
{The stap prevents the carriage from moving
beygnd this point.
es.escapément wheel locking pawl, in con-
rmction with the escapement dogs, prevents te
escapement wheel from moving out of position
while the feed rack is disengaged. When the
‘tabulator lever actuating plate in front of the
KBT frame is raised, a yielding device on the
left end’of the shaft movesagal‘nst the spring
"drum brake -arm and presses the brakeshoes
agafnst the side of the spring’ drum with enough
force tcﬁ"“ regﬂlate the speed of the carriage.

Tabulagcr Stop Settmg Mec:hanism “

%

T-he tabulator stop~ mechanism stops the

eﬂr:iﬁga at the.desired position. When the SET

*'key i8 depréssed with the carriage inany desired
' position, the key Aever raises the stop setting
link- (lower link), shown in figure 12- i1, nioving
*‘the stop ‘aetting lihk (upper link) dawrx against
the &top imnikdiately beneath it, and moves the -
step to its léwer or. SET positian The stcp re-

: Tahulgtcr St,pp ‘Gl'éaring Mechanism

:f‘he tabu:latarﬂ stop clearing mechanism

e’naple‘s you to. clear a set tabulator stop by ¢

98

depressirg the TAB-ELEAR ké}' To clear'in-
dividual stops, tabulate to the stop whichisto be
cleared and depress the tab-clear key. Thekey
lever then raises the clearing plunger, whigh
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 and hold it down while you move
the carriage to the extreme right. The bottoms
of the tabulator stops contact thebeveled portion
of the clearing plunger, which raisésthem tothe
t% of the plunger. '

SHIF? MECHANISM

The function of the shift mechanism (fig.12-
- 12) is to raise and lower the segment and type
bars g0 that the typlst may be able to type the
*upper and lower case characters on the type
heads on a common line.” When you depress a.
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 segmemt and type bars

in the down position as long as desired. Thé
,8hift key lock lever isa simple, spring-loa
catch When the lock is released, the segment

‘returns to the rest position.

103
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’ Y ) ' Figure 12-12.-~5hift mechanism.

Depressing the shift key rotatesthe shiftlock lower toggle arm is secured to the segmentiock
release shaft through a connecting link and an' release link shaft and the uppertoggle armat the
arm secured to the shaft. The shiftlock release toggle arm pivot (fig. 12-12). The upper toggle
shatt, through the\shift operating link, turns the - arm is connected to an adjustment ecdentric”
segment lock Felease link shaft (illustrated). The (sbgtf toggle stud). As the lower toggle arm

At *, 101, I(jg . N &’;
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pivots forward, the lm:,é is released andtheaction . hammer lever is released, allgwing‘thefharnmer

of the lower and upper ogglearms pullsthe seg-
ment bracket (carrying the segment and type
bars) down until the upper stop restiagaingt the
lower stop,

When a shift key lever, right or left, is re-

leased, a spring raises the shiftkey lever. This
reverse actionhelpsto restorethe entire mecha-
nism, but the power requiredtp raisethe segment
bracket is supplied by two springs, one right and

one left, which are-connected between the seg- ,

ment bracket and the ribbon spool shaft brackets.
. When the segment bracket is in the extreme
upper position and the key shift lever is up, the

ﬁlpwer toggle arm moves slightly over center
toward the rear of the machine, locking the seg-
ment bracket in the upper position, thusprevent-
ing it from bouncing and causing lrregular 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 tﬁ{lp pawl onthe right margin stop moves
the bell ha erleverand thé hammeraway from
the bell. When the bell trippawl moves past the
cam portion of the bell hammer lever, the hell

' EEL'E
HAMMER
LEVER

HAMME R

Figure 12-13.—1I

Bell r

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 loek,
actuated by the margin stop, locks the umversal
‘bar to prevent type keysd from overtyping on the
last letter Wen thes carriage is stopped. The
line lock leveralsolocksthe escapement in posi-
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 movesto thejeft, the mar-
gin stop contacts the margin reléase tod arm
(center). See figure 12-14. As the margin re-
lease rod moves to the left, the margin release
rod arm (right) on its rlght 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 plate and
around the bunter rod.

_If a key isdepressed when the linelock mech-
anism ig in this position, the type bar is pre-
vented from making an impressigh on the paper
by the universal barbunter platd’bemg stopped by

the link lock lever adjusting screw. Becausether s

FORTIOH OF
BELL HAMMER
LEVER

ringer mechanism.
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this action also prevents the escapement from
tripping. If the space bar is depressed with the
line 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
fust 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
tastened 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 from the
bunter rod and the U-bar bunt®r plate.

FL}NE SPACE MECHANISM

A typewriter line space mechanism ensures
the ‘same amount of space between lines of type
when the adjuster is set for a definite distarte.

=

. g
.. &TOP |H FREE
-, POSITIOHN

ure 12-14.—Line lock mechanism.
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MARGIN RELEASE ACTUATIMG LEVER

KEY LEVER LIHK

61.48X
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The manner 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 pawlontheplaten ratchet
for all three positions is shown in figure 12-15.
Study it carefully. The ratchet wheel in the il-
lustration has 30 teeth (6 lines per inch).

When the line space lever is moved to the
RIGHT, theline space pawl contacts a tooth on the
platen ratchet and moves it rearwardsthe amount
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 STOP SLIDE MECHANISM

The purpose of the pinion stgp-glide mecha-
nism is to prevent overbanking at the left mar-
gin when the carriage is returned with excessive
force or speed, and alsoto px\gve’n_t underbanking
when it is returned with little force. The pinion
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LIHE SPACE PAVWL 3 I :
EHGAGED WITH :

L L FIRST NOTCH

* LINE SPACE PAWL

 ENGAGED WITH

PLATEHN RATCHET

LINE SPACE
ADJUSTER

LINE SFACE

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

As the carriage moves throughthelast space
just before banking, theleft margin stop contacts
the pinion stop slide actuating slideand movesit
to the right until it contactsand stops against the
margin release rod arm. By meansofthe pinion
stop ‘slide interimediate lever, the pinion stop
slide is moved to\the left and the edge of the lip
moves into the tebth of the escapement wheel
pinion and prevents the pinion from turning. If

.

POSITIONS OF LINE®
SPACE ADJUSTER

LIME SPACE FAWL
EMGAGED WITH
SECOMD MOTCH

LINE SPACE PAWL
ENGAGED WITH
THIRP HOTCH

DETENHT ROLLER

LINE SPACE oy
PAWL ~

s

Figure 12-15.—Line space mechanism.

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 you tounderstand if you will keep
in mind the following points: !

A complex machine is nothing fmore thana
combination of two or more simple machines.
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fout how a complex machine
works if wou understand the operation of the
sinple machines from which it is made. Look
nf where energy is applied, and

from which it s made.

) g,

FIHIOH 5TOF

* pinion stop GIbE
ACTUATING SLIDE

.of MORI

LEFT MARGIH
STOP

MARGIN RELEASE
- ROD ARM

PINIOH STOP SLIDE
ACTUATING SLIDE =

Figure 12-16.~Pinion stop élicie mechanism.

When a machinegivesa mechanical advantage
3E THAN ONE, it multipliesthe FORCE of
the applidd energy. When it gives a mechanical
advantagd of LESS THAN ONE, it multiplies both
the DISTANCE and the SPEED of the applied
movemeht., L :

Morg 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 you analyze each of them carefully by
the methods described in the foregoing.




" The automobile is a familiar object to all of
us; and the engine that makes it go is one of the
most fascinating and talked about of 'ﬂl the
complex machines we use today.
ter we will explain briefly some of the Dpera-
tional principles of this machime, andthenbreak
it down  to its more basic mechanisms. In its
makeup you will find many of the devices and
basic mechanisms that you have studied earlier
in this book. Look for these and the simple
machines that make up|the engine as you study
its operation and construction.

CtYMBUSTION ENGINE

o

An -engine is defined simply as a machine

that converts heat energy to mechanical energy.
To fulfill this pq\rpose the engine may take one
of several forms.
Combustion iskhe act of burning. Internal
means . inside or nclosgd. Thus ‘an internal
inside, that 15 burmng takes place “within the
ame cylinder that produces energy to turn the
arankshaft, In external combustion engines,
‘such as gsteam engines, the combustion takes
, Place outside the engine. Figure 13-1 shows,in
°  simplified form, an external amd-an internal
combustion engine.
The external combustion engine requires a
boiler to which heat is applied. This combustion
" causes water to boil to produce steam. The

éi;lAPTER 13 |
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also states that’when a gas is compressed the
temperature of the gas will increase. If the 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-
oder). In an engine, this pressure acts against
the head of a piston, causing it to movﬁowné
“ward. i , -
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 mdtion ‘(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 reciprocating

motion to rotary motion.

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

Fuel contains potential energy for operating
the engine; air c:cmtains the oxygen necessary
for- combustion; and 1gmtu3n stapts combustion.
All are fundamental, and the engine will not
opera}‘e 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. o S

. &
DEVELOPMENT OF POWER

Thé power of an internal combustion engine

steam passes into the engine cylinder undér “comes from the burning of a mixture of fuel

pressure and forces the piston to move down-
ward. With the internal combustion engine, the
combustion t ~ s place inside the cylinder and
ig directly responsible for forcing the piston to
move downward.

The transformatfon of heat energy to me-
chaﬁféal energy by the engine is based on a
fundamental law of physics which statesthatgas

will expand upon application of heat. The law

106

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.

Sinae similar action occurs in all cylinders
of an engine, let’s use one cylinder in our de-
velopment of power. The one-cylinder engine

I/
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consists of four basm parts as shown in figure
13-2.

First we must have a cylinder which ig~-.
closed at one end; this cylinder is similar to a’
tall metalﬂzan

Insid€ the cylinder is the piston, a movable
metal plug, which fits snugly into the cylinder,

CYLIHDER

ARDUHE IN
A CIRCLE

Figure 13-2. -Cylinder, piston

107

Figure EBEZLLsSimple e:-’:ternézl and_i}éernal combustion Engine.

X . M
INTERNAL COMBUSTION ENGTNE
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81.41

but t‘;zgn 'still s"hée up “and down easily. This up-
and-d wn movement, produced by the burning of
_fuel'in the cylinder, results in the production of
power frnm the engine.

You have already learned that the up-and-
down movement is called reciprocating motion.
This motion mustsbe changed to rotary motion

PISTGH

, connecting rod, and crankshaft for a one=cylinder engine.

1 l_' )
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80 the wheels or,tracks of vehicles canbe made
to .rotate.
crank. on the crankshaft and a connecting rod
,fwﬁhich conneets betwaen the pistt:m and the crank
pjcrtian,; the Qraﬁ}:, which describes a eri‘:lE as
the shaft rotates. The top end of the connecting
rod is connected to the piston and must there-
fore go up and down. The lower end of the con=

necting rod is attached to the crankshaft. aThé}
: lcwer end of the connectmg rod also maves up.

and down but, becauseiti 15 attached to the crank=
ghaft, it must alsg move in a. circle. with the
crank.

* When the plstDn of the englne slides down-
%ward because of the pressure of the expanding
gases in the cylinder, the upper end of the gon-

.necting rod moves downward with the piston, in -

.a straight line.  The lower end-of thgeconnecting ...
rod moves down and in a circulaynotion at the

same time. This moves the erank and in turn
the crank rotates the shaft; this rotation is the
desired result. So remember, the crankshaft
and connecting rod combination is'a mechanism
for the purpose of changing straightline;, up-and-
down mctmn to rlrcular, )x:!r rotary mbtion.

BASIC ENGINE*S TROKES i ,

Each movement of the piston from tc:b to
bottom or from bottom to top is calleda stroke.
The piston takes two strokes (an upstroke and a
downstroke) as the crankshaft makes ang com-
plete revolution. When the piston is at the top

of a stroke, it is said to be at top dead tenter

(TDC).  When the piston is at the bottom of a
stroke, it 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 flgUI‘E 13-3 and fig--
ure 13-7.

The basic engine you have studied so far Ras
had no provisions for getting the fuel-air mix-
ture into the cylinder or burned gases out of 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 othefport pEI‘mltS theburnedgases
to escape from e cylmder The two ports
have valves aBsefnbled in them. These valves,
actuated by the camshaft, close off either one
or the other of the porta, or both of them, dur-
ing -various stages of engine operation. One of
the valves, called the intake valve, opens to ad-

- mit a mixture of fuel and air into the cylindet

S

This change is accomplished by a

. e N

The ofher valve, called the exhaffst valve, o;:ej;ns
to allow the escape of burned gases after the
fuét=and-air mixture has burned. Later on you

w11 learn thore about how these valvesand their -
hanisms operate. . :
The following paragraphs give’a mmphfled
explanation of the action that takes place within
* the .engine cylinder. THis action may hedivided
into four parts: the intake stroke, the co%l:

' pression -stroke, the power stroke, anci the

*haust stroke, ~ Since theses strokes are easyito
“identify in the operation of a four~cycle engine,
that engine is used in'the description, This type

_Of engine is also called a four- stroke-Otto-

cycle engine, because it was Dr, N. A.Otto who,
in 18786, flrsf applied the prmcxple of this en-

gme f i ) 7

The first stroke in thé sequence is called
the intakg stroke (flg’ 13- %) ‘During this®troke,
the piston is moving dawmymrd and the intake

valve is open. This downward movement of the
piston produces a partial vacuun in the cylin-
der, and air ahd fugi rush into the cylinder past
the open intake v lve This is somewhat the
same tMect as whin *you drink through a straw.
A partial vacuum iz produced in the mouth and
the liquid moves up through the straw to fill*the
vacuuni, o :

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 thepefore pushed upward
and CDI‘an‘ESSES the combugtible mixture in the
cylinder; this is called the compression stroké
(fiz. 13-4). In gasoline engines, the.mixture is
compressed to about one-eighth of its original
volune. (In a diesel engine the mixture may be

Qmpressed to as little as one-sixteenth of its
orlglnal volume.) ,This compression of the air-
fuel mn-;ture 1ncreases the pressufe mthmqth-g_
cylinder.
makes it Stlll ‘more cgmbustlble nat only does .
the pressure in the cylinder go up, but the tem-
persturemf the mixture also increidges,
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POWER STROKE )

- : -
As the piston reaches tap dead cenger at the
end of the compression stroke and thereforehas
moved to-4he top of the cylinder, the compressed
fuel-air 'mixture is 1gn1ted 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 direction#*
The pressure rises te 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, i carried through ‘the con-
- necting rod to the crankpin on the arankshaf
The crankshaft ia given a powerful twist!
is ca}led the power stroke (fiz. 13-4). This
turning effort, rapidly repeated in the engine

and carried through gears and shafts, will turn_,
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cunnectlng rod, and cgank Dn crankshaft as crankshaft
turng one revnlutmn o o /

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

E3

M
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tXHAUST STROKE

After tr{e fuel-air mixture has burned, g
rmust be cleared from the cylinder. This i
done by opening the exhaust valve ]ust‘aas i)
pnwar stroke is finished ':an’d the pistnn star

Vdér past the Dpen e}:haust valve
strokes (intake, compressiqn, power, anﬁ ex-
haust) are cnntmunusly repeéated as the engine

ENGINE CYELE S

Now, with the basic lmnwledge you have of
the parts and the four strokes of the engine, let

]
H
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. Figure 13-4.—Four-stroke cycle in a gasoline engine.
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2 [ g - - . i
.us see what pappensgduringihe actual rypning of

_the engine,- To produce sustained-power, an'en-
gine must accomplish a definite seéries of op-
“erations over and over agajn. Allyouhave to do
is foHow one series of events—intake, com-
pression, power, and exhaust—until they repeat
themselves. This one series of events iscalled
a eycle. -

Mast. engines of today are called four-cycle
enginess What is meant is four-stroke-cycle,
but our habit of abbreviating has eliminated the

jddle word. Just the same, whenyou see four-
ggle it means there are four strokes of the
ppston, two up and twodown, o each cycle. Then
*it gtarts pver again on anmtt’fe‘r cycleofthe same
four strokes.
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L
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TWO-CYCLE ENG

_In the two-cycle enging, the entire,cycle of
events' (intake, cempydssion, power, and ex-
haust) takes plage in t i piston strokes.

-4 At two-cycle spus ééj,irsjﬁv_r;igﬁ:gufe 13-5.
#toke «n thigsfngigetis a power
stroke. EaCh timgsthe pistdty moves down it is
on the power stroke. »Intake,* compression,
power, and exhaust still take place, but they are
completed in just twq strokes. In figure 13-5
the intakes and éxhdugt™ports are cut into the
cylinder- wall instedd of being placed at the top
of the combustion chamber as in the fouraeycle
engine. As the piston moves down on its power
fsti*ok’e, it first uncovers the exhaust port to let

- EXHAUST FORT

| — )
@Kffffff/ffﬁ//

——= CRAMKCASE

_=

NN

Figure 13-5.—Events in a two-cycle, internal combustion engine.
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burned gases escape and then uncavers the in-
take port tp allow a new. Eual air mixture to
enter the combustion chamber. Then, on the
upward stroke, the piston covers bothportsand,
at the same time, compresses thé new mixture
in  preparation for ignition and another power

gtroke. v
In the engine shown in figuré 13+5 the piston

is shaped so that the incoming fuel- afr mixture
is directed upward, thereby sweeping out ahead
of it the burned exhaust gases. Also,there is an
inlet into the crankcase thrDugh whu:h the fuel-
air mufture passes before it-enters the cylin-
der. This inlet is opened as the piston moves
upward, but it is sealed off as the piston moves
t;lDwnward on the power stroke. The downward
moving piston slightly compresses the mixture
in the crankcase, thus giving the mixture enough

pressure to pass rapldly through the intake port -

This improves
the sweepmg Dut or scavengmg, effect of the

A;."'r‘ﬁixtufe as it enters and clearstheburned ghses
from the cylinder through the exhaust port.

FOUR-CYCLE vs TWO-CYCLE ENGINES

You have probably noted that the two-cycele
engine produces a power stroke every crank-
shaft revalutian the four-cycle engine requires

,,,,,, revolutions for each power
Stmke. It micht 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 two-
cycle engine some of the power ig used to drive
the blower thi:it forces the air-fugl charge into
the eylinder under-pressure. Also, the burned
gases are not ‘Dmpletely cleared h*m‘n the cyl-
inder./ Additi 1ally, becauseof the much shorter

. period the in ke port is open (as compared to

the period tlI - intake valve in a four-stroke-
cycle is open, a relatively smaler amount of
fuel-air mixt re is admitted. Hence, with less
fuel-air mixt re, less power per power stroke
is produced a- compared to the power produced
in a four-stroke cyete engine of like size oper-
ating at the same speed and with other condi-
tinns bheing 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. ; .
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.concerned a single=cylinder” engine.

- MULTIPLE-CYLINDER ENGINES
= £

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

In a four-stroke cycle six-cylinder engine,
for example, the cranks on the crankshaft are

get 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 strokes{ol-
low each’ other so closely that there is a fairly
continuous and even delivery of power to the
crankshaft.

=
=
2
b of

In a gasalme engine, the valves mua.t open
and close at the proper times with regard 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 s0 that the
are constantly in step with the piston moyemert,
of the cylinder-which they control. Theposition
t;af the valveg is determined by the capShaft; the

,,,,,, of ‘the piston is determined by the
c rmﬂcahaft Correct valve timing is ahtﬁ‘ed by
providing the proper relationship Rptwes\n the
camshaft and the crankshaft. ¥. 2

When the piston is at TDC the frankshaft .
can move 15° to 20° without causing thre-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 ﬂ]FDUEh the exhaust valve
port, but if the exhaust valve: ‘closes at TBC, a
small amount of the gases will be trapped and
will dilute the jncoming fuel-air mixture when
the intake valvés open. Since the piston has

= o
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Figure 13-6.=Crankshaft for a six-cylinder engine. ’
) . '
little downward movement while in the rock po-
. v sition, the exhaust valve can remain open dur-
. . ing this period and thereby permit a ifiore
— - : ‘ complete scavenging of the exhaust gases.’
- ’ : Ignition timing refers to the timing of the
R : spark at the spark plug gap with relation to the
Cj piston position during the compression and
— ‘power strokes. The ignition system is timed
go that the spark occurs before the piston
i : . . reaches TDC on the compression stroke. This
' giveg the mixture enough time to igr;?nd start

) burning. If this time were not provigiM, that is,
_if the spark occurred at or after TDC, then the
. pressure increase vg!puld 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
RaR power loss, the ignition system includes an ad-
T~ vance mechanism that functions on speed.

CLASSIFICATION OF ENGINES

Engines for automotive and construction
equipment may be classified in a number of
ways: type of fuel used; type of cooling em-
ployed; or - valve and cylinder arrangement.
They all operate on-the internal combustion
81 principle, and the application ofbasic principles
Figure 13-7.—Rock position. of construction to particular needs or systems

ns 12459 .
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of manufacture has caused certain designs tobe
recognized as conventional. '

The most common method of claséﬁleation %
is by the type of fuel used; that is, whether the

engine burns gasoline or dlesel fuel

L

GASDLINE ENGINES VS DIESE
ENGINES

Mechanically and-'in overall appearance,
gagoline and diesel-engines resemble one an-
other. However, in, the diesel engine, many
parts are somewhaif heavier and stronger, so
that they can withstand the higher temperatures
and pressures the engine generates. The en-
gines differ also in the fuel used, in the method
of introducing 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
soirce of the energy prodhcing the elecfrical-
spark may be a storage battery or a high-
tension magneto.

The 'diesel engine has no carburetor. Air
alone enters its cylinders, where it is com-
pressed and reaches high temperature due to
compression. The heat of compression ignites
the fuel injected into the cylinder 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. In the gasoline engine the heat
from compression is not enough to ignite the
air-fuel mixture, therefore spark plugs are

‘necessary.

ARRANGEMENT OF CYLINDERS

Engines are classified also according to the
arrangement of the cylinders: inline, with all
eylinders cast in a gtraight line above the crank-
ghaft, as in most trucks; and V-type with two
banl:g of cylinders mounted in a ‘‘V’’ shape
above the crankshaft, as in many passenger
vehicles. Another n@téso-—ccmmcn arrangement
is the horizontafly opposed engine.whose cylin-
ders are mounted in two side rows, each oppo-
gite 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 gumbered 2, 3, 4, etc., from

msxcz MACHINES

114

front to‘rear. In V-type engines the numbering
sequence varies with the manufacturer.

‘The firing order (which is dlffEEEﬂt fromthe
numbering order) of the ‘cylinders i8 usually
stamped on the cylinder block or on the manu-
facturer’s nameplate. ) :

The majority of internal combustion engines
also are classified according to the position
and
valves—that is, whether the valves.are in the

L

arrangement “of the intake and exhaust

cylinder block or in the cylmder head. Various ,

£l
common are L-head, I-head, and F-head" (fig.
13-8). The letter designatian 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 are placed
in the block on the same  side of-the cylinder.
The valve-operating mech&'&ism 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 movemerit, 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-

rangentents- have been used, but the most -

head and the I-head valve arrangaments, The -

valves in the head are actuated from the cam-

ghaft through tappets, push rods, and rocker °

arms (I-head arrangement), while the valves in °

the block are actuated directly from the cam-

. shaft by tappets (L-head arrangement).
\
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Figure 13-8.—L-, I-, and F-valve arrangement, .

- ENGINE CONSTRUCTION

 Basic engine construction varies little, re-
gardless of size @nd 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 simplily 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
gservice and gervice parts problem can be
simplified by designing engines so that they are

- closely related in cylinder size, valve arrange-

" ment, ete.

' 4 engines.

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

tf} . . -
in this ehapter, will be

Engine construction,
broken down into two gategories:
parts and moving parts.
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g.TIDNARY 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.

i

Engine Cylinder Block

N
The engine cylinder b1<:cfds the basic frame
of a liquid-cooled engine,-whetner 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. 13-9). In small engines,
where weight is an important consideration, the
crankcase may be cast separately. In most
large diesél engines, such as those used in
power plants, the crankcase is cast geparately
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. -

12_!3
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{ron alloyed 'with other metals such as nickel, .

_grally with the
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L 3 . .
“The ‘cylinders of a liquid-cooled engine are
surrounded by jackets through which the cooling
liquid circulates. These jackets are cast inte-
cylinder block. Communicating
passages permit the coolant to circulate around
the cylinders and through the head. :

The air-cooled engine ¢ylinder differs from

‘that of a liquid-cooled engine in that the cylin-

ders are made individually, 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- o dissipated. This is in
contrast to the liquid-cooled engine, whichhasa

‘water jacket arcund its eylinders.

. Cylinder Block Construction -

The cylinder block is cast from gray ironor

chromium, or molybdenum. Some light weight

. engine blocks are made from aluminum.

“Cylinders are machined by grinding, and/or
boring, to give them the desired true inner sur-

- face. During normal engine operatign, cylinder

walls will wear out-of-round, or fhey may be-
coma . cracked and’scored if not properly lubri-
cated or cooled. Liners (sleeves)made of metal
alloys resistant to wear, are used in many gaso-
line engines and practically all diesel engines
to lessen wear. After they have been worn be-
yond the maximum oversize, the liners can by

‘replaced individually permitting theuse of stand-

. ard pistong and rings. Thus you can avoid re-

placing the\entire cylinder block.
The liflersare inserted intoa hole inthe block
with either a PRESS FIT or aSLIP FIT. 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 ude 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 engines containthe
passageways for the valves and valve ports. The
lower part of the block (crankcase) supportsthe
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 cylinder block. On L-head V-8 engines, the
intake manifold is located between the twobanks
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.cylinder or two or

In this engine, there are two ex-
the outside of eachbank.

of cylinders.
haust manifolds, one on

Cylindér Head

The cylinder head provides the combustion
chambers for the engine cylinders. It isbuilt to
conform to the arrangement of the valves: L-
head, I-head, or other. Co

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 cylinders. It
contains passages, matching thqge of the cylinder -
block, which allow the cooling’
in the head. Theheadalsohelpsretain compres-
sion inthecylinders. Inthegasoline engine there
are tapped holes in the cylinder head whichlead
into the combustion chamber. The spark plugs
are inserted into these tappéd holes.

In the diesel engine the cylinder head maybe
cast in a single unit, or maybe cast for a aingle
\ : 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-head type of cylinder head shown in
figure 13-101i8 a comparatively simple casting.
It contains water jackets for cooling, and open-
ings for spark plugs. Pockets into which the
valves operate are also provided. Each pocket
serves as apart of the combustion chamber. The
fuel-air mixture is compressed in the pocket
as the piston reaches the end of the compreasion
stroke, Note thatthepocketshavea rather com-
plex curved surface. This shape hasbeen care-

‘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 I-head (overhead-valve) type of cylinder

‘head contains*hot only water jackets for cooling

spark-plug openings, and valve and combustion-
chamber pockets, but, it also 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 cool not only
the top of the combustion chamber but also the
valve seats, valves, and valve-operating mecha-
nismas.

Crankcase

The crankcase is that partof the engineblock
below the cylinders. It supports and encloses the

l‘, =
F

tertocirculate ——
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aﬂm ‘and pmvidas a reservoir for the
lltrieiﬁnz oil., Oftentimes there pre placespro-

K ﬂﬂlﬂ on the crankcase for the mounting of the
' -0l filter; starting motor, andthegen- . ¢

™ erator. The lower part of the crankcase is the
«.-OfL-PAN, which is bolted at thebottom. The oil
ﬂn iﬁ mﬁ ‘of pru-gd or cast steel and holds

A arts ,,ﬁoﬂ,d-pmﬂmgtm the engine

;'l'hc BHHEEIH also has mountmg brackets
feh ort the entire engine on the vehicle
m “‘These brackets are either an integral
. part of the crankoase or are bolted to it in such

' Buﬁmncﬂ w _ rimber, whic.h insulates the frame
L lﬂhﬂw of the valiiele from engine vibration and

therefore prevents dumage tothe engine supports
_and the transmission. '

e e, M M2e

&t Ecy Mport the argine at 3::1-4

" Figure 13-10.~Cylinder head for L-head engine.

*Eﬂiaust Manifold .

xhaust manﬂuld is esseﬂtl;lly a tubg'ths

aste products of combustion from.th
ers. On L-head engines the exhaust man
jolted to the side of the engine block; o

.overhead-valve engines it 13 bolted tothesidec

the engine cylinder head. m manifold
may be single iron castings or may be cast
sections. They have a smogth interior surfac
with no abnipt changes in size. (Eﬁﬂg 18—11

Inta.ke Mml;fnld &

- 'The" i:nt:ke “mantfold--on—a -greol
carries the fuel-air mixturefrom the carbureto:
and distributes it as evenly as possible to th
cyltiders. On a diesel engine the manifol
carries only air to the cylinders. The intak
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manifold is attached to the block on L-head en-
. .gines and to the side of the cylinder head on
—-operhend-valve-sngines. (See fig. 13-11.)
. In- gasoline engines, smooth and - efficient
engine performance degends largely on whether.
. or not the fuel-air mixtures that enter each
T yynder are uniform in strength, quality, and
degree of vaporization. The inside walla of the
~ manifold must be smooth to offer little obstruc-
'thon  to the flow of the fuel-air mixture. The
- nutaeioid -ty designed to prevent collecting of fuel
st the hends in the manifold. -
- The intaks manifold should be as ghort and

%rgﬁu@g the chances of
neiition Bétween the carburetor and cylin-

B . To assist in vaporisation of fuel, some
" Jridiike manifolds are constructed so that part of
surfaces canbeheated by hot exhaust gases.

d

§i

7% The principal stationary/parts of an engine

", ‘have justbeen explained. Th gaskets (fig. 13-12) . pushing

DR = . -
% . R 1 o1
R { .
E

t 3 i
, Figure 13-11.-Intake and

']
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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 tc

‘machine all surfaces so that they Tt togeéther tc

torm a perfect seal. Thegaskets make a joinl
that is air, water, or oil tight; therefore, whet
properly installed, they prevent loss of compres-

sion, coolant, or lubricant.
MOVING PARTS OF AN ENGINE ' .

The moving parts of an engine serve an im:
portant function ih turning heat energy into me-
chanical energy. They fu » convert reciproca
motion into rotary motion. Theprincipal movin
parts are the piston assembly, comnecting rods
crankshaft assembly - (includes flywheel an

1x the fuel-air mia _,;j”'ﬁthl;nt;!il
exerts a pressure on the piston, thu

cylinder . |
it down in the cylinder. The action o

L€ R . WO S

:
; .
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Figure 13-12.~Engine overhaul gasket kit.

the connecting rod and crankshaft converts this
downward motion to a ‘g;otary motion.

Piston Assembly

Engine pistons serve several purposes: they-

tranamit the force of combustion to the crank-
shaft through the connecting rod; they actasa
guide fpr the upper end of the t:l‘:mnectmg rc:d
_ rings useﬂ to seal the compressmn in the cylin-
der. (See fig. 13-13.)

The piston must come to a completemgtop at
the end of each strokebefore reversing its course
in the cylinder. To withstand this ruggedtreat-
ment and wear, it mugt be made of tough ma-
terial, yet be light in weight. To overcome
inertia and momentum at high speeds, it mustbe
carefully balanced and weighed. All the pistons

* used in any one engine mustbeof similar weight
to avoid excessive vibration. Ribs are used on

Ll

1]

the underside of the pisttm toreinforcethe head
the ribs also assist in conducting heat from the
head of the piston to“the piston rings and nut
through the cylinder wallje

"' The structural components of the piston are
the HEAD, SKIRT, RING GROOVES, and LAND?
(fig. 1344) chwever all pistdns do not look -
like the typical one here illustrated. Somehave
differently shaped heads. Diese)engine pistons
ugually have more ring grooves afid rings thanthe
pistons of gasoline engines. Some of these rings

‘may’ be installed-below as well-as- above-the—

WRIST or PISTON PIN (fig. 13-15). \
Fitting pistons-properly is important, Be-~ -
cause metal expands when heated, and bedaliuse
space gust be provided for lubriecants befween
the pistons and the cylinder walla, thefiiatons
are fitted tothe engine with a specified clearance.
This clearancedependsupon 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 aluminum. Aluminum pistons require

more clearance to prevent binding or seizing

75.70

Figure 13-13.—Piston and connecting rod
' (exploded view),

12@1§S
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OIL DRAIN
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RING

. PISTON PIN BOSS
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REINFORCEMENT T 3
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i BB QLI U GROOVE FOR

THREADED HOLE
“FOR PISTON PIN
LOCK SCREW
(WHEN USED)

%

Figure 13-14.—The parts of a piston.
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PISTON PIN HOLE CAP

PROPER ASSEMBLY
OF THREE PIECE
OIL CONTROL RINGS
UPPER ' PIECE

" RADIAL RIBS

VERTICAL
STRUTS
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i
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PIN =

.
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BALANCING RIB

OIL RETURN HOLES
Figure 13-15.—Piston assembly of General Motors series 71 engine.
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when the engine gets-hot. The skirt or bot{em
part of the piston runa much cooler thanthe top;
therefore, it does not require as much clearam:e
as the head.
he' piston i3 kept in augnment by the skirt,

which is usually CAM GROUND (elliptical in
eross section) (fig.'13-16). Thiselliptical shape
permits the piston to fitthe cylinder, regardless
of whether the piston ia cold or at operating
temperature. The narrowest diameter of the
piston is at the piston pin bosses, where the -
metal i8 thickest. At the widest diameterof the§
‘piston, -the pigton skirt is-thinnest. The piston
is fitted to close limitg at its widest diameter so
that piston noisé (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. The wallsofthe skirt
are cut away as much as possible to reduce
weight and toprevent excessive expansionduring

THE ELLIPTICAL SHAFE OF THE PISTON
SKIRT SHOULD BE 0.010 TO 0.012IN.
LESS AT DIAMETER (A) THAN ACROSS
THE THRUST FACES AT DIAMETER (B)

engine operation. Many aluminum pistons are
made with SPLIT SKIRTS so that when the pistons
expand the skirt diameter will not increase. The
two types of piston skirts found in most engines
are the FULL TRUNK and the SLIPPER. The
full-trunk-type skirt, whichis more widely used,
has a full cylindrical shape withbearing surfaces
parallel to those of the cylinder; giving more
strength and better chtrol of the oil film. The
SLIPPER-TYPE (CUTAWAY) skirt has con-
siderable relief on the sides of the gkirt, lelving
less area for possible contact with the cylinder
walls and thqréby redueing frietion.

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 0033 IN. LESS THAN_____
DIAMETER AT (B‘FT

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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by splash from the ,
"through passages bored in the connecting rods.

f:i'sgaﬁié?séé; A ‘“full-floating’’ pin }s free
to rotate in the connecting rod and in the bsses,

Chapter 13—INTERNAL COMBUSTION ENGINE o

their -wearing qualities.
ea ietton gives them a maximum of strength
with a minimum of weight. They are lubricated

crankcase or by pressure

Their tubular

. 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 pistonby a-gerew
rumning through one of thebosses; the connecting
rod oscillates on the pin, A‘‘semifloating’’ pin

s-anchored to the connecting rodand turnsin the

but is prevented from working out aga#hst the
sides of the cylinder by plugs or snapring locks.

PISTON RINGS.~Piston rings are used on
pistons to” maintain gastight gseals between the

"pistons and cylinders, to assist in cooling the

piston, and to control cylinder-wall lubrication.

- About one-third of the heat absorbed by the piston

passes through the rings to the cylinder wall.
Piston:rings are often quite’complicated in de-
sign, are heat treated in various ways and are
plated with other metals. Therearetwo distinct
classifications of piston rings: compression
rings 4nd oil control rings. (See fig. 13-18.)

The principal function of a2 compression ring
is to prevent gases from leaking by the piston
during the compression and power gtrokes. All

' . piston rings are split to permit assembly to the

piston and to allow for expansion. Whenthe ring

and sgmatinies chromium plated toin-+«

is in place, the ends of the 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 cylinders 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 ity 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 61l rings arg used in~

the piston skirt below the piston pin.
Connecting Rods

Connecting rods must be light and yet strong
enoligh to transmit the thrust of the pistons to

. the crankshaft. Connecting rodsaredrop forged -

from a steel alloy capable of withstanding heavy
loads without bending or twisting. Holes at the
upper and lower ends are machined to permit
accurate fitting of bearings. These holes must
be parallel. S
The upper end of the connecting rod is con-

nected to the piston by the piston pin. If the
piston pin is locked in the piston pin bosses, or
if it floats in both piston and connecting rod, the
upper hole of the connecting rod will haveh solid -

bearing (bushing) of bronze or similar material.

As thg lower end of the connecting rod revolves
with”the crankshaft, the upper end is forced to

FIXED PIH SEMIFLOATING

PIN

Figure 13-17.—Piston pin types.
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DQUBLE-B.UTY OIL-REGULATING
RING WITH BUTT JOINT

PAHDER

Efﬁ‘msg RING WITH E
- ; 75.51

Figure 13-18.—Piston rings.

turn back and forth on the piston pin. Although
this movement is slight, thebushing isnecessary
because the temperatures and thepressuresare
high. If the piston pin is semlﬂnatmg, a bushing
is not needed.

The lower hole in the connectmg rod is split
. to permit it to be clamped around the crankshaft.
The bottom part, or cap, is made of the same ma-
terial as the rod and is attached bytwo or more
bolts. The sugfece that bears g the crankshaft
is generally el ing material in the form of a
gseparate split she! 1, although, in.a few cases, it
may be spun or dié—cast in the ingide of the de
and cap during manufacture. The two parts of
the separate bearing are positioned in the rod
and cap by dowel pins, projections, or short
brass screws. Split bearings maybeofthe pre-
cision or semiprecision type.

i

The PRECISION type bearing is accurately -
finished to fit the crankpin and does not require
further fitting during installation, It ispositioned
by projections on the shell which match reliefs
in the rod and cap. The projections prevent -
bearings from moving sideways andfrom rntég\
motion in the rod and cap.

The SEMIPRECISION type bearing isusually
fastened to or die-cast with the rod and cap. -

‘Prior to installation, it is machined and fittedto

[ o
.

the proper inside diameter with the cap and rod
bolted together.

Crankshaft-

As the pistons collectively mightbe regarded
as the heart of the engine, so the CRANKSHAFT
may be considered its backbone (fig. 13-19), Tt
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 cllfferential to drive
your vehlcle

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

™\

FLYWHEEL (WITH STARTER GEAR)

[

TIMING -

MAIH (5UPPORT)
BEARING JOURHALS

COMMWECTING ROD
BEARIHG .IQUFIALS

75.81
Figure 13-19.—Crankshaft of a
4-cylinder engine.

1.‘} 9



Ghapter 13==INTERNAL CDMEUSTIDN ENGINE - : .

throws must be placed 80 that they cnunter-
balance each other. -

" Crank throw arrangements for 4-, 6-) and
8-cylinder engines-are shown in ﬂgure 13-20.
Four-cylinder éngine crankshafts have either
"8 or 5 main support bearings and 4 throws in
one plane. In figure 13-20you see that the throws
for No. I and No. 4 cylinders' (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°
fram the ather 2. Such crankshafts may be

is cme at each end of the shaft and one between
each pair of crankshaft throws. Thel erank-
shafts of 8-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. :

' V-type engines usually have two ccmnecting
rods fastened side by sld(‘;: on one crankshaft

K] &CYLIMDER EMGIHE

Figure 13- .

5 _many as 7 main bearings, that

‘125

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 impulises of an engine tend to set
up torsional vibration in the crankshaft. If this
torsional vibration were not controlled, the

-crankshaft might actually break at certain

speeds; a vibration damper mounted onthe front
of the crankshaft is usedto control thisvibration
(fig. 13-21).

' Most typés of v'ibration dampers résernblé a

between the hllb faee ‘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

1

B-CYLHDER ¥ TYPE ERGINE
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0.—=C ramcshaft and throw arrangements commonly used.



DAMPER _
PLATE

TENSION o
SPRING FRICTION
) e FACING

CRANKSHART N ¢

GASKET ——emy

" Figure 13-22,—Flyv

overlapping of power impulse
need for a flywheel; consequet
can be relatively small. Ti
carries a ring gear, either inte

- DAMPER FLYWHEEL wheel or shrunk on, that meshe
driving gear for cranking the

' . 81.62 face of the flywheel is usual
" Figure 13-21.—8ectional view of a typical . ground, and acts as one of thep
. vibration damper. for the clutch, becoming a pi

‘ ‘ assembly. -~

—— PULLEY

effects of the tdrsfonal vibration in'the crank-
shaft. Several other types of vibration dampers Valves And Valve Mechanisms
are used. However, they all operate in es- "

gentially the same way. : There are two ‘valves for

most engines, one intake and 0
 Bngine Flywheel — Since each of these valves ope
' - . times, it i3 necessary that &
. The flywheel is mounted at the rear of the ~mechanisms be provided for e!
~ crankshaft near the rear main bearing. This i are normally- held: closed by
“ ugually the longest and heaviest main bearing by compression in the combus
in the engine, as it must support the weight of purpose of the valve-actuati
the flywheel. @ ) to overcome the spring prest
The ﬂywﬁ?él (fig. 13-22) stores up energyof valves at, the ‘proper time. Th
rotation during power.impulses of the engine. mechanism includes the engin
It releases this energy ‘betweenpower impulses, shaft followers (tappets), pust
thus. dssuring less fluctuation in engine speed arms. S
and ;smoother engine operation. The size of the B
fiywheel will vary with the number of cylinders. - CAMSHAFT.~The -camsha
and the general construction of the -engine. With inclosed in the engine block.
a ‘large number of cylinders amd the consequent lobes {cams) groand. on it for
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A=

CAMSHAF T
B - CAMSHAFT BEARING
C- EEARING JOURNAL

81,61
Fig-ure 1*3 gCamshart and buahings

angine. As the c'amﬁiait rotates, the cam lobe
moves up under the valve tappet exerting an
upward thrust through the tappe,?‘ agaimst the

valve stem or a pushrod. Thisthrust overcomes
the valve spring pressure as well as the’ gas'

p agare in the cylinder, causing the valve to
open, Whan the lobe moves from under the
tappet, the valve spring ‘pressure reseats the
valve.

'On L-,

crankshaft, while in V-type engines it isusually
located directly above the crankshaft. On the
overhead camshaft engine, such as the Murphy
diesel, the camshaft islocated above the cylinder
head

The camshaft “of a 4-stroke cycle engine
turnsFat one-half engine speed. % is driven off

the erankshaft through timing gears or a timing

chain. In the 2-stroke cycle engine the camshaft
must turn at the same speed asthe'crankshaft in

order that each valve may open and close once.

in each revolution of the engine.

In most cases the camshaft willdo mm‘ethan
operate the valve mechanism It"may have extra
cams or gears that operate fuel pumps, fuel

injectorg, the ignitmn distributor, .or the lubgi—

eation pump. 4 _'
' Camshafts are sﬁpported 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

‘broaze and are bushings rather than split bear-.

irgs, "The bushings. are lubricated by oil- cire
culating through drilled passages from the
crankcase. The strqssgé‘ on the camshaft are

*
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. small theréfore the ‘bushings are not adjustame .
and. :equire little attention. .
* bushings are generally replaced.o_'

engine requires a complete cﬁre:'h_,_,,

FOLLOWERS. —Camshaft Iolmwers (;Eigs.

13-24 and 13-25) aregthe parts of the valve~
actuating mechanism tt
You will probably hear them called valve tappets

or valve lifters. In thesL-head engine the follow=: .
- ers directly contact the end of the valve stem .
and have an adjusting device in them In t.he )
-overhead-valve engine-the followers- —
pushrod that operates the rocker arm. The end

ht contact the camshaft.

The -camshaft .
ﬁhen the  :

of the rocker arm opposite the pushrod con-

tacts the valve stem.Thevalve adjusting dEché _

in thig case, is in the rocker arm.
Many engines have sel:!-adjusting valve

lifters of the¢ hydraullc type that .operate at &

zero clearance at-all times, The operation 'of

one type of hydraulic valve tappet mechanism
“presgure is

is shown in figure 13-26. Oil undeg
forced into the tappet when the valve is closed,

and this pressire extends the plunger in the e

tappet so that all valvé clearance, or ls.sh ls oy

. under the tappet am:l start,s tu raiseit, tl;ere wﬂif" ‘
_ hot be any tappet noise. As the lobe starts to
F-, or I-head engines, the camshaft " . o : o
is usually located to one side and above the-



’ Figure 15-25 —Valve operating mechanism for an cwerhead valve engine v

rzisg, ;he-st-ippé!:. the ofl is forced upward in the
lower chamber of the tappet, Thisactioncloses
the ball check valve so oll cannot escape. Then
the tappet aets as though it were a simple,
w1-plece tappet ind the valve’is opened. Whenthe
lobe moves out’from uiider the tappet and the

__¥alve cloges, the preasure in the lower chamber

of the tappet s relieved. Any slight loss of oil
{rom the lower chamber is then replaced by the
ofl pressure from the engine lubricating system.

Thig causes the plunger to move up snugly o

INTAKE ALVE--"
INSTALLAT]QN

- *A—CYLINDEM HEAD COVER
" B—ROCKER ARM
C—ROTATOR CAP
D--VALVE SPRING - .
E—VALVE GLUIDE
F-COYER GASKET -
. G— CYUNBE& HEAD .
.~ H—EXHAUST VALVE
© J=VALVE 5PRING CAP
KINTAKE .VALVE KEY
L—SEAL :
M—INTAKE VALVE
I—CAMSHAFT _
P—CRANKCASE c
Q—VALVE TAPPET
"R—PUSH ROD COVER
S—GASKET
F—PUSH ROD . .
U—ROCKER ARM SHAFT BRACKET
V—ADJUSTING SCREW
W EGCKER ARM SHAFT N

=

B 4  81.85
Lok

against the push rod so that any . cléaram:e is
elim i‘l.ated' '

Timing Gea’rs (Gear Trains)

9
Timing gears keep the crankshaﬂ: and cam-

' Shaﬁ turning in proper relationto one another —
80 that the valves open and close at the proper

timg. In some eng'm 8, Sprn:ketg and chains
areused.

r

F

(’
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VALYE OFEN

PUSH ROD PRESSES |
AGAINST CUP\

&y

SLIGHT LEAKAGE
BETWEEN PLUMGER
AND BODY

OlL FORCED UPWARD
CLOSES CHECK VALVE

. ) 81.66
Figure 13-26.—0peration of a hydraulic valve lifter.

The gea’r% or gprockets, as the case maybe, in air-cooled engines a blower isgenerally uged
of the camshaft and crankshaft are keved in to force cool air around the engine cylinders.

position so that they cannot slip. Since they are In addition, an exhaust system is providedto
keyed to their respective shafts, they can be carry away the burned gases exhausted fromthe
replaced if they become worn or noisy. engine cylinders. ‘These systems will not be

With directly driventiming gears (fig. 13-27), discussed in this course, however. For further
one gear ufMally has a mark on two adjacent information on them refer to NavPers 10644D,
teeth and the other.a mark on only one tooth. To Constructiop Mechanic 3 & 2.
time the valves properly, it is necessfryonlyto R T
mesh the gears so that the two marked teeth of
one gear straddle the single marksd tooth of
the other.

'AUXILIARY AE:&;E'MELIE%

We have dlSCUSSEd the main parts of the
engipe proper; but there are other parts, hoth
moving and stationary, that are essential to

. engine operation. They are nnt built into the
.engine itself, but, in most cases, are attached
to the engine block or cylinder head.

"The fuel system includes a fuel pump and
carburetor’ -mounted on the engine. In diesel
engines the fl,lel injection mechanism replaces -
the carburetor. An electrical systemisprovided
to Supply pmver fcr Star‘tlng the engme and alsn

ALIGN TIMING MARKS
WHEN INSTALLING
TIMING GEARS

GRANKSHAFT GEAR

ing systern is necessary fcr aperatmg an
internal combustion engine. In water-cooled 81.69
engines a water pump and fan are used, while Figuz“eilS—Z?;,Timing gearsandtheir 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 haw the power develaped by’ the éngine
it. To illustrate thls, we will use the power train
system as used by the automobile, and most
. trucks, as a familiar example: In this applica-
. tion, once again you are to look for the simple
machines that make up. each af the maﬂhines or

the power tram - ’
7

In a vehicle, the mechanism that transmits
the power of the engine to the wheels and/or
tracks and accessory equipment is called the
power train. In a simple situation, a set of
gears or a chain and sprocket could perform
this task, but automotive and construction ve-
hicles are not usually designed for such simple
operating conditions. They are designed to

 have great pulling power, to move athigh speeds,
to travel in reverse as well as forward, and to

operate.onroughterrainas 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
two rear wheels have a power train consisting
- of clutch, transmigdsion, propeller #haft, dif-
_ferential, and Hriving axles (fig. 14- 1).

‘In 4- and B-wheel drive trucks, you will find
transfer cases with additional " drive shafts
and live axles. Tractors, shovels, cranes, and
other heavy-duty vehicles tha¢ move on tracks
also have similar power trains. In addition to
assemblies that drive sprockets to move the
tracks, these vehicles alao have auxiliary trang-
miasions or power takeoff units which may be
used to. operate accessory attachments. The
propeller shafta and clutch assemblies of these
power trains are very much like those used to
drive thj! wheels,

130
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THE ¢ LUTCH

~ 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 ta take up the load 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, €

Clutches 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,’ whir:h 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 only 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 also increaseé and
less slippage occurs. When the driver remo‘Vés
his foot from the clutch pedal and full spring
pressure is applied, the speed of the driviog
plate and drivendisc isthe same, and all slipping
stopsa. There is then a direct ccnnéctign between
the driving and driven shafts.

~ In most clutches, there isadirect mechanical
linkage between the clutch pedal and the clutch
releagse yoke lever. On many late model ve-
hiclés, 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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Figure 14-1.~Type of power transmission.

master eylinder, is attached to the clutchpedal.
A cylinder, similar to a single-acting brake
wheel cylinder, is connected to the master
cylinder by flexible pressure hose or metal
tubing (fig. 14-3). The slave cylinder is con-
nected to the clutch release yoke lever. Move-
ment of the clutch pedal actuates the clutch
master cylinder. This movement is transferred

CLUTCH FACING
DRIVEM -

PLATE LUTCH SPRING

PROPELLER SHAFT
CEMTER SUPPORT BEARING

'81.174

by hydraulic pressure to the slave cylinder,
which in turn actuates the clutch release yoke
lever. ,
TYPES OF CLUTCHES
!

There are various types of clutches. The

type most used in passenger cars and light
¥

CLUTCH
A . DRIVIHG P TE
FLYWHEEL LATE
CLUTCH
DRIVEH PLATE

RELEASE 5HOE OR

BEAR 1D L5
piLOT ,EAmN§¢musu§%
_CLUTCHC R BEARING T
PILGT Y ELUT?HEQVEH A
BEARING — RELEASE SLEEVE

RELEASE BEARING

RELEASE 5HOE OR

_ BEARING H ISIHG
rressure [ E HOUSING

ERESSURE RELEASE YOKE

LEVER — LEVER BRACKET

PIVOT ELEASE YOKE -

LEVER PIVOT

CLUTCH {

BRIVIHG “ ] g T—RELEASE YOKE

PLATE LEVER
FEDAL

— ADJUSTING BOLT

£

Figure 14-2.~Exploded and cross-section view of a plate clutch.
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Figure 1453.LMaster cylinder, slave cylinder and connections for standard hydraulic clutch.
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trucks is the previously-mentioned plate clutch.
The plate clutch is a simple clutch with three
plates, one of which’ is elamped between the
other two. Exploded and cross-sectional views
of g4 plate clutch are shown in figure 14-2.

Single Disk Clutch
- 2 . .
The driving members of the single disk
_clutch conasist 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 disc is
firmly clamped between the flywheel and the
driving plate by pressure of the clutch springs,
forming a direct, nonslippihg connectionbetween
the driving and driven members of the dlutch.
In this position, thedrivendisc rotatesthe clutch
shaft to which it is splined. The clutch shaft is
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‘Chapter 14—POWER TRAINS

connected to the driving wheels through the
transmission, propeller shaft, final drwe dif-
ferential and live axles.

The double disk cluteh (fig. 14- 4) is sub-
gtantially the same as the single plate disk
clutch except that another driven diskand inter-
mediate driving plate ia added.

Multiple Disk Clutch

A multiple disk clutch is one having more
than three plates or disks. Some have as
many as 11 driving plateg and 10 driven disks.

Because the multiple disk type has a greater

frictional area than a plate clutch, it is best
gsuited as a steering clutch on crawler type
tractors. The multiple disk clutch is sometimes
used on heavy trucks. In operation, it is very
much like the plate clutch and has the same

F 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 cluteh is released.

Figure 14-4.—Double disk clutch—exploded view.
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~gear transmission.

You may wun 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 Menhamcr
3& 2, NavPers 10644-D, chapter 11.

TRANSMISSIDN .

The transmission is part of 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 14-6 is a sliding
Many late model trucks

14
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'.‘hm;e" either . constant mesh or gsynchromesh
- transmiasions (explained later). However, the
prineiples of operation and gear ratms are the
same.

A review of chapter 6 of this book will help

,"y(;vu to understand the transmissions and power
transfer mechaniams described in this chapter,
' FOUR-SPEED TRUCK TRANSMISSION °

The génr shift lever positions shown in the
‘small inset in figure 14-6 are typical of most
. four-speed truck transmidsions. The gear shift-

ing lever, shown at A, 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 cgver. Follow the separate
diagrams to learn whgt takes place in shifting
from one speed to another. For example, as you

81.181

Figure 14-5.—Four-speed truck transmission.

3
" move the top of the gear shift lever toward the

forward left position, the lower arm of the lever
moves in the oppositedirectionto shiftthegears.
The fulerum of this lever i8 in thetransmisaion
cover. .
In shifting transmission gears it 18 neces-.
sary to use the clutch to diserigage the engine.
Improper use of the clutch will cause, the gears

to clash, and may damage them by breaking the "

gear teeth. A broken tooth or plece offmetal
can wedge *itself between two moving féars and
ruin the entire transmission agsembly. .
When you ghift from neutral to first or
low speed (A of tig. 14-6), the smallest counter-
shaft gear engages with the largest sliding gear.

Low gear moves the truck at its lowest speed '
" and maximum power. The arrow indicates the

flow of power from the clutch shafttothe progel-
ler shaft. :

I14»
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anifold is attached to the block on L-head en-

—gperhend-valve-sngines. (See fig. 13-11.)

. In- gasoline engines, smooth and - efficient
engine performance degends largely on whether.

. or not the fuel-air mixtures that enter each
“ yyIier are uniform in strength, quality, and
degree of vaporizition. The inside walls of the
* manifodd nust be smooth to offer little cbatruc-
'thon  to the flow of the fuel-air mixture. The
~ 1ugaalia e designed to prevent collecting of fuel

st the Hends in the manifold. o

- Toe intakp manifold should be as short and
l %rgﬁu@g’tﬁe chances of

'the carburetor and cylin-

.

el

i mheuﬂ;lbahgtedbyhﬂt exhaust gases.

#: The principal stationary

Y

*, ‘have justbeen explained.

parts of an engine

g . .

Figure 13-11.—Intake and exhaust manifolds.

gines and to the side of the cylinder head on

4deell. To assist in vaporization of fuel, some,
roand are constructed so that part of

gankets (li.g-13¥l2) s pushing it down in the

: T, 119

that serve as seals between these parts in
sembly, require as much attention- during
sembly as any other part. It is impractici

‘machine all surfaces so that thay it togeéthe

form a perfect seal. The-gaskets make a |
that is air, water, or oil tight; therefore, 1
properly installed, they prevent loss of comp:
sion, coolant, or lubricant. ot

MOVING PARTS OF AN ENGINE '

The moving parts of an engine serve an
portant function in turning heat energy into
chanical energy. They furthge convert recip:
motion into rotary motion. Theprincipal m¢
parts are the piston assembly, connecting 1
crankshaft assembly - (Includes flywheel
gear train. C ' :

The burning of the fuel-air mixture withi
cylinder exerts a pressure on the piston,
cylinder. “The actl
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‘ghiftg into reverse. Never attempt to shift into
" reverse until the forward motion of the vehicle
has been completely stopped.

In F of figure 14-6, you can see how the idler
gear ﬂts into the traﬂsrmssion gear train In E

you shift mta reversé An additional shifting fork
is contacted by the shift leVer -in the far right
position. When the shift to reverse is completed,
this fork movesthe 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 howthe engine power flows
through the transmisgs}s njo move the propeller

shaft and the wheels Wl|a reverse direction.

The different combination of gears.in the
trangmission case makes it possﬂzle to change
the vehicle speed while the engine speed re-
maing the same. It is all a matter of gear
ratios. That is, lraving large gears drive small
gears, and sman 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
thé large one. You haVe Stepped up the speed
and the large gear will make one revolution for
every four of the small gear. You have re-
" duced speed, and the ratio of gear reduction is
4tol.

.In the truck transmission just described, the
gear reduction in low gear is 7 to 1 from the
engine to the propeller shaft. In high gear the
ratlo 1s 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 revduction or gear ratio in reverse

is about the same as it isin low gear,-and the

prt:lpeller shaft makes oné-revolution 'fcrr EVEI‘V
seven revolutions of the engine. _

All transmissions do not have four gspeads
forward, and the gear reductions at the various
speeds are not necessarily lie same. Pa
Senger cars, for example, usually have.on
three forward speéds and one reverse spea@l
Their gear/ratios are about 3 to 1 in both lo
and reverse gear combinations. You muZ
member, the gear reduction in the transmission’
is only between the engine and the propeller
shaft. Another reductipmny gear ratio is provided
in the rear axle assembly. If youhavea common
rear axle’ rat%a of about 4 to 1, the gear reduc-
tion from th7 engine of~#'passenger car to the

¥
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. left on the main- shaft.

To-:

reax‘ wheels in low gear would be approximately
12 to 1. In high gear the ratio would be 4 to
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
transmissicn, the automgtive manufacturers de—
contams helical gearg

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 cluteh 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 movesfromone speedto the
next.

Constant-mesh gears are seldom used for
all speeds. Common practice 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
¢ The inner teeth of the
gliding gear mesh with the main shaft firstgear.

'SYNCHRQMESH TRANSMISSION

,'»’,Thé,gsg ’hromesh transmission is a t'y'pe of

th:m é,ﬁe clutch and adog or gear posmve clutch
to engage the main drive gear and second-speed
mam shaftgear withthe transmission main shaft.
The friction cone clutch engages first, bringir~
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=gectional view.

137

I

—

!



. BASIC MACHINES

in one continuous operation when the driver
. declutches and moves the control lever in the
- usual manner. The consatruction. of synchro-
- mesh transmissions varies somewhat with dif-
ferent mamfacturers, but the principle is the
sime in all.
" The construction of a popular synchromesh
elutch’ is shown in figure 14-9. The driving
member consists of a sliding gear splinedtothe
transmission main shaft with bronze internal
cones on each side. It 18 surrounded by a sliding
sBleeve having internal teeth that are imeshed
with the external teeth of the sliding gear. The
" pliding sleeve is graoved around the outside to
 receive the shift (Drk 8ix spring-loaded balls
in radially-drilled holes in the gear fit into an
. "internal groove in the sliding sleeveandprevent

it from moving endwise relative to the gear

until the latter . . reached the endof its 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
Bleeve.
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Figure 14-8.~Disassembled main shaft assembly.

81.184

The synchromesh clutch operatesasfollows:
whep-the transmission control lever is moved
by the driver to the third-speed or direct-drive -
position, the shiftfork moves the 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. Thia action brings
the two gears to the:same speed amd stops
endwise travel Df the sliding gear. The siidlng' '
sleeve
engages e external tegth on the main drive gear
locking the main drive gear and transmissgion
main shaft tcgethér as shown in figure 14-9.
When the transmiasion control lever is shifted
to the second-speed position, the slidihg gearand
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

.erogs section of a synchromesh transmission

which uses constant=mesh helical geara for the

» .
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. Figure 14-9.—Synchromesh clutch—digengaged and engaged.

=~ 4hpee 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 those for the vertical control lever except

that thefleveér is horizontal. The shifter forks

are pivoted on bellcranks which are turned by a

steering column control lever through the linkage

shown. The poppets showfi in figure 14-10 en-

I wef ¥0d of eachbell crank.

8 of s rony¥sh-transmissions con-

trolled by steering column levers have shifter

shafts and forks moved by a linkage similar to
those used with a vertical control lever. .

-

AUXILIARY TRANSMISSION

The amﬂliary transmigsion allows a rather
small engine to move heavy loads in trucks by
increasing the engine-to-axle gear ratios. The

- auxiliary transmission provides a link in- the

 Chiapter 14—POWER TRAINS

Y .g1.185

‘power trains of construction yehicles to divert

engine power to drive 4 and 6 iheelg;s:ﬁalm
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 18 supported on a
trame cross-member as shown in figure 14-12.
The illustration also shows how the shifting
lever would extend into the driver’s compart-
ment near the lever operating the main trans-

" shission.

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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Figuré 14-10. sSYﬂChI‘GIﬂESh transmisasion arranged for ateering column control, v’

TRANSFER CASES

. Transfer cases are placed in the power _
trains of vehicles driven by all wheels. Their
purpose is to pﬁwide the necessary offsets for
additional prapeller shaft connecticms to drive
the whéels. 5t

Transfer cases in neav‘ler vehicles have two:

speed- positions and a declutching device for
diactmnecting the front driving wheels. Two
speed tranafer cases like the.one shown in fig-
‘ure 14- 13 serve alsa as auxﬂiafy transmissions,
When they have speed chmmg gears, declutch-
ing devices, and sttnchmépts for three or more
pl‘ﬂpeller shafts they are even larger than the
mon type of twa—spe@ transfer case iE ‘shown
in. figure 14-14. Compare it With the actual in-
stallation in figure 14-13. .

The deciutching mechanismy b ¥ the front
wheels consists of a snding Eleeve spline
clutch.

This same type of transfer casge 1! used for

. a 6-wheel drive vehicle. The additional pro-.

peller shaft connects the drive shaft of the -

" transfer case to the rearmost aﬂe ‘agsembly.

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’fransmitted through it in one di-
rection but not in -tﬂe other.) : ,

On these unit,g tﬁe 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
begin 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 menever!é&ﬂiﬁonal trac-
" tive effort ig ,required. There arg ‘two types of
- sprag-unit- EI

ipped transfers, a single—sprag-
unit transfer and a dnuble—spragsumt transfer.
Essentially, both types work in the same man-

POWER TAKEOFFS .  + + *

Power takeoffs are attachments in thé power
train for power ta drive au;:ihary accessories.
Tfley are attached to the transmission, auxil-s
lary transmigsiop, or transfer case. A common
type of power takeoff is the- single—gear, gingle-
speed type shown in figure' 14-15. This unit is
bolted ta an apening prn:w’ided; in the side of the
The ‘gliding gear c:f the pcwér takeaff will then
mesh with the transmissinﬁ countershaft gear,
The Dpﬁrator can move a shifter shaft control
lever to slide the gear in and out of mesh with
the counter shaft gear. The 5pring-1ﬂaded ball
holds the shifter shaft in position.

On some vehicles you will find power take—
off units with gear arrangements that will give

 WINCH
CHAIN

Figure 14-12.—=Auxiliary transmission power takeoff driving winch.

. i
1
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,Figufe 14-13.,sTra'nsfer case installed in a 4-wheel drive truck.

_“two speeds forward and one in reverse. Sev-
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. A R

PROPELLER SHAFT
ASSEMBLIES

The propeller -shaft assembly consists of a_

" propeller shaft, a' slip joint, and one or moreé

‘universal -joints. This .3ssembly provides a.

flexible = Gonnection through which power is

‘transmitted from the transmission to the live

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 thana 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. * 5
. 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, isg
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'CONNECTION
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REAR LIVE

/AXLE

. REAR.
PROPELLER
SHAFT

% 2

81.190

free to move up and down while the transmis-
sion is attached to thé frame and cannot move.
Any upward or downward movement of the axle,
ag the springs are flexed, shortens or lengthens
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 into'a splined sleeve in the universal

joint.:A cross-sectional view of the slip joint

~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 differerit designs, but they all work
on the same principle. (See chapter 11.)

FINAL DRIVES .
3 3
A final drive is that part of the power train
that transmits the power delivered through the

2;.



figﬁre 14-14.—Cross section of a 2-speed transfer case.

propeller shaft to the drive wheels or gprock-

" ets., Because it is encased in the rear-axle
. housing, the final drive is usually 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 11,

The function of the final drive is'to change
ig; 90 degrees the direction of the power trans-
‘mitted through the propeller shaft to thedriving
axles.
“tweep
axle shafts and wheels. In passenger cars this

to 1.

. It also provides a fixed reduction be-
1 ‘the speed of the propeller shaff and the -

“143;;

reduction varies'frﬂm about 5tolto5 tb 1.In
trucks, it can vary frnm 5 tc: 1as much as 11

The gear ratio of a final drive having bevel
gears is found by dividir;g’ the nurabier of teeth
on the drive gear by the nimber of teeth on the .
pinion. In a worm gea;_- final drive, the gear

-.ratio is found by dividing the number of teeth on_

the gear btx the nurnbe: -0f threads on the worm.

Most final drives a?re of the gear type Hy=
poid gears are used in passenger cars and light
trucks to give more body clearance. They pe oL
mit the bevel drive pinion .to bé placed Below "
the center of the bevel drive gear, thereby
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. lowering the progeliér shaft (sge fig.- 14-17).
Worm gears allbw a large speed reduction and
age used extensively in« the larger trucks.
Spiral’ bewél gears are similar to hypoid geays.
They are used in both passengdr cars and
t#oks to replace Spur gearsthatare considered
too noisy.* *
R
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MESHES WITH TRANSMJSSION
COUNTERSHAFT GEAR -

y

~ SLIDING SPUR GEAR

-
M o

DIFFERENTIALS °

The construgtion and principles of operation -
of the gear differentidl were déscribed in chapter

11 &f this book. We will briefly review some-of

the high points of-that chapter here, and then g0,
* on to describe some of the ‘moreg common types

2
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BAEYC MACHINES

of gear differentials as applied in automobiles
and trucks.

The purpose of the differential is easy to
understand whe n{c»u compare a vehicle to a
company of men marching in mass formation.
When the campany( 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
the turn. When a motor vehicle turns a corner,
the wheels on the outside of the turn must ro-
tate faster and travel a greater distarice 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 i 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. Therefor};
turn at Q different speed and’still be driven as
a ‘gingle unit. Refer to the illustration in fig-
ure 14-18 4s you -study the following discussion
on differential operation.

#

COMPANION ____
FLANGE
PIHIOH

BEARIHG

BEVEL DRIVE
PINIGH

PIHIOH
SHAFT

- DIFFEREHMTIAL

BEVEL ER
DRIVE GEAR PIMIONS
TAFERED

ROLLER
BEARINGS

DIFFEREHTIAL
SIDE GEARX

DIFFEREMTIAL CASE

81.196
fferential with part of
cut away.

Figure 14-18

—=Di
case

each shaft can

v

The differential describéd 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 propedler shaft, and the outputagoing to,
the rear axles and wheels. Inthisdiscussion, the
‘‘gpider gears’’ are referred to as‘‘differential
pinions,”™ so don't let this confuse you.

Thebevel drive pinion, connected tothepro-
peller shaft, drives the bevel drive gear andthe
differential case to which it is attached. Thete-
fore, the entire differential case always rotates
with the bevel drive gear whenever the propeller
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 cage, so thaf whenever the'‘case isturn-
ing, the d1£erént1al pinions must revolve--one
about the other—in the same plane as the bevel
drive gear.

The differential pinions mesh with the side
gears, as did the spider and side gears in the
differentfal described in chapter 11. The axle
shafts are splined to the side gearsandkeyed to
the wheels. Power is transmitted to the axle
shafts through the differential pinions and the
side gears. When resistance is equal on each
rear wheel the dlfferentlal plmons Slde gears
bevel drlve gear. In this casg, there-is 1o rela-
tive motion -between the pinions and the side -
gears in the differential case. That is, the
pinions do not turn on the trunnions, and theu‘
teeth will not move over the teeth Df the side
gears.
mu%t turn faStE‘l than the ather The su:le gear
driving the outside wheel will run faster than
the side gear gconnected to the axle shaft of the
inside wheel.: npensate for this difference
in speed, and i ain in mesh with the two
side @ears, the chfferentlal pmlon;. must then
turn on the trunnions. The average speed of
the two side gears, axle shafts, or wheels is
always equal to the speed of the bevel drive
gear.

Tn overc nme the .51tuatu:m where one spm=

are pr()vlded w1th a, d;ffmentlal ]I)CI{ Th;s

ig a simple dog clutch, controlled manually or
nut(‘nmtl( allv, whlr‘h 1()( k.s 'ine qxle shaft to the

Q
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thh same speed it is used very littlei ‘Too dften

" the driver forgets to disengage the lock affer ‘

#using it. There are, however, automatic devices

" for doing almost the same thing One of these,

which i8 rather extensively used today, is the
high-traction differential. It consists of a set of
differential pinions and side gears which have
fewer teeth and a different tooth form from the
conventional gears. Figure 14-19 shows a com-
parison between theseand standardgears. These
differential pinions 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 unevenly divided between the two -

driving shafts and wheels; whereas, with the
usual differential, the torque is evenly divided
at all times. With the high=traction differen-
tial, the torque becomes'greater on one wheel
and lesa on the other agthepinions move around,
-until both wheels star® to rotate at the same
speed. When this occurs, the relative motion
between the pinion and side gears stops and the

)
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vice assists cansiderably in starting the vehicle
or keeping it rolling in cases where one wheel

“encounters a slippery spot and loses traction

while the other wheel ison a firm spot and has
traction.. It will not work, however, when one

wheel loses traction campletely In this respect

it is inferior to the differential lock.

With the no-spin differential (fg. 14-20).
one wheel cannot spin because of loss of tractive
effort. and thereby deprive the other wheel of
driving effort. For example, one wheel is on
ice and the other wheel 15 on dry pavement.
The wheel on ice is8 assun to have no trac-
tion. However, the wheel on clry pavement wil

pull _to the limit of its tractional resistance at

the pavement. The wheel on ice cannot spin be-
caugse wheel speed is governed by the speed of

" the wheel applying tractive effort.

torqde on each wheel is again equal. This de- :

e

The no-spin differential does not contain.
pinion gears and side gears as does the con- ' °

ventional differential. Instead, it consgists es-

sentially of a spider attached to the differential '

drive ring gear through four trunnions, plustwo

driven clutch members with side teeth that are ..

El 197
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-indexed by spring pressure with side teeth ip
..the spider.” Two side members are splined to
. the wheel axles and in turn are splined into the

. drivén clutch members.

AILES -
. A live 2313 is one that supports part of the
-weight of a vehicle and alao drives the wheels
" vonnected to it. A dead axle is one that carfies
part of the weight of a vehiclebut does not drive
the wheels, The wheels rotate on the egﬂs of
: the dead axle.

Usually, the front axle of a passenger car is 7

. a dead axle and the rear axle ig a live axle, In
4-vwheel drive vehicles, both front and gear
axlés are live axles, and in 6-wheel drive ve-

“"hieles; -ail three axles are "live axles.’ The
third g:la, part of a bogie drive, is joined to
the rearmost axle by a trunnion a;:le The trun-
-nlon: iilg is attached rigidly to the }rame Its

. puipose 1s to help in'distributing the load on the

regr of the yehicle to the two liveaxles which it
connects.

: ‘There are fau:r types of live axles useﬂ int

- autamatlva and comstruction equipment. They

> are: .plain, semifloating, three-quarter ﬂaat-'

ing, and run ﬂaatiﬂg
The. ‘lve .axle, .or nonfloating. rear
;.z‘le, is' Seldom used in equipment today. The

%

L] .7 4

‘housing. In addition to turnig the whiels, these .-,
- shafts carry the éntire load of the’ vel;m‘le on, .

14sd4 g 50

axle shafts’ in'mi%ssembly are cgue} nonfloat-

. ing because they ap:sphorted directly inbear- . . -

ings located in the

-éehtér dnd ends’'of the axle .

their outer ends. Plain axleg also s’uppnrf the
weight of the differential case.

The semifloating axle (fig. '14.!21') that is
used on most passenger cars and light trucks

DIFFERENTIAL
HOUSING

WHEEL RIM

. BRAKE DRUM

WHEEL BEARING
: AXLE SHAFT

e El.zﬂl e
Figure 14- 21 ‘Semiﬂgating resr"ﬁsﬂe

A
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has its diﬂerentlal case independm sup-

ported. -The differential carrier relieves the .

 axle shafts from the weigh_t of the differential
aggembly and the streases caused by its oper-

ation. For this reason the inner.ends of the.

axle shafts are said to be floated. The wheels
are keykd to outer ends of axle shafts and the
. outer bearings are between the shafts and the
housing. The axle shafts therefore must taﬁ
the stresses caused by turning, skidding, ot
wobbling of the wheels. The axle shaft in a

semlﬂoating live axle can be removed after the

The :ﬂe ghafts in a three- quarter floating
axle (fig]14-22) mayberemoved withthe wheels,
which arékeyed tb the tapered outer endsof the
shafts. The inner ends of the shafts are carried
ag in a semifloating axle. The axle housing,
instead of the shafts, carries the weight of the
vehicle because the wheels are supported by

DIFFEREHTIAL
HOUSING

WHEEL
BEARING

; AXL E HOUSING

WHEEL RIM ' ~ BRAKE DRUM
81.201

Figure 14-22,~Three-quarter floating rear axle,

bearings on the outer ends of the housing Hs:w,
ever, axle shafts must take the stresses caugen
by the turning, skidding, and wobbling o'l'fthe
wheels. Three-quarter floating axles are) aecl
in some trucks but in very few passenger: cars ‘ :
The full floating axle is used in most: heav‘g i
trucks. (See fig. 14-23). These axle shafts ma be‘ g
removed and replaced without removing the."

wheels or disturbing thedifferential. Each wheel"

is carried on the end of the axletube on two bail: : .-"
bearings or roller bearings and the axle shai}ts

"are not rigidly connected to the wheels. The -

wheels are driven through a clutch arrangement'
or flange on the ends of the axle shaft which
bolted to the outside of the wheel hub, The b{:ult(

thlS ‘assembly a true full floatmg axle}, but never; -

theless it is called a flaatmg axle. A f_ﬂie fliil
torque C {f{ _
= *‘;

OUTER o o
WHEEL R S
BEARING BRAKE e

* -DRUM

AXLE HOUSING,

IHHER
WHEEL

WHEEL RIM -

BEARING | _ T
- : : : . 81 202
Fxguré 14 23.~Full flnatmg réar axle o
Yoo o - '
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BASIC COMPUT

" We have. already studied several examples

“of complex machines in the preceding.chapters -

to learn how simple machines and basic mechan-
_isms are utilized 'in their design. The analog

““computer; of the kind ised in modern fite control
systems, is a complex machine in every senise

of the ward WE will rmt attempt in tms book to
We will hcwev-er exarnme a few Df the sgemal
devices commonly used in computers. These
devices have come tobe known asbasic computer
mecHanisms. They are, however, quite complex
.mdchines in themselvesaas you’ll soon agree.
. Like the e ngmé the typewriter, and the other
machines we’ 've studied, these mechanisms are
Dnly combinations of simple machines cleverly
designed tc do a specific kind of work. As before,
~the watchword is Look For the Slmple Machines.

zﬂ

DTFFERENT TIALS
-The d:ifferentmls used inthe analog computer
are fgear d;fferenuals similar tothosedescribed
auter 11. They are different from the auto-
le differentlal in that instead of receiving
Lngle 1nput and delivering two outputs, they
aive two inputs and combine them into a single
: Mast of-the differentials in a computer
mte small averafmg about 2'' x 21/2"
E.E, and” are‘d ned: for light loads. Some

] utgrs may h:we as many as 150 gear dif-

1 represent mputs,
ard is the output

hig cage, the di :
ra} part ‘of & xﬂl WHp control. Computmg
. fgried to drive heavy

'CHAPTER 15

ER MECHANISMS.

e

T

loads. The outputs from such mechanisms oiten
merely control the action of servomators. The' .
motors do the actual driving of the loadstob
handled..The device which makes it possible fo?
‘thg comparatively-.weak output-frema eomputing——
mechanism to control the action of a servo-
motor is called a followup control. In this de-,
vice, . the differential is used to measurg the .
difference, or ‘Werror," in position between the
input and the output: The input is geared to one
side of the differential. The serwp outputisused ..
' to do two things: (1) to position: whatever mech~ .
anism is being handled,; and.gﬂ)tsddri ¢the other
side of the dlﬁerentlaf 'f‘his setiand’aperation

When there isa chiferem:e between the lnput
and the output, the spider of” ‘the differentigl
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

©oits. ‘side of the di,fferential in-a direction op-

pasrte to that taken’ by the input. That is, the

servo always drives to- reduce the clifferem:e or
error, to zero. W% wy

LINKAGES FOR ADDING
AND SUBTRACTING

in the hnkage mechanism by means of adding ,
levers as shown in figure 16-3. In the example
two quantltles designated X and Y, are to be
added. Their values are :r¢ Esentéd by the’™
‘movements of the two shdr‘? 3. The adding
lever' is pivoted at its center’to nother slide
bar, and its opposite ends are connect ‘ted through
lmks 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 #n the figure, and index
marks are placed on the slides. The units
on the center scale are half as large as
t@&e on the other two. L
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Figure 15:1~This ia the symbnl used to indicate
the differentical in schematic drawings.

Lok
NP oy SR
Ly

IR ¢ ¢ thé Y glicle is held in place andi@’x
*slide is'inoved, the adding lever pivots about
'its Jower - end. The center slide, which is
connected to the midpoint of the lever then
moves half as far as the X
movement is one unit, the center slide also
moves onii—unit since the units +on the center
scale are half as large ‘ag those oh the X
gscale. Simiarly, movements of the Y_ slide
with the X slide held in place add one urit on
the center scale for each unit movement of

: MECHANICAL MULTIPLI ERS T

glide. If the X'

shown in zero pnsition vﬂth the three 1nde;:
marks opposite the zero points of the scales.
At the right, the X slide has been moved one
unit, ‘and the Y slide has been moved three.
The center glide 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. Simﬂajﬂy, for any positian
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 computing linkage, but gsi

* operating principles are the same.

There are two basic” tybes of mechanical
multipliersathme using Jratary gearing and
those*using linkages.. ,

The rotary gearing type. preduces a sgolution .
thréugh the use of similar triangles. There are
four types of rotary multipliers in use—screw,
rack, sector, and cam. Since they all operate
in funﬂarﬁentally the same manner, we will dis- "

cuss the screw type multiplier and théncamparé B

the other types to it.

SIGNAL COMES IN'
WITH N N — L
INSUFFICIENT P —s -
POWER ee———— | CONTACT |
o — . ! ASSEMELT K
’ B — | _ :
115 A-C _
. — - Y —
i e 0 .

1:.': o,
i

MOTOR

SIGNAL GOES OUT
ON MOTOR SHAFT .
WITH SERVO POWER

1109

Figure 156-2. ﬁ51mphfied sketch of a followup control shamng application offa gear differential.
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Figure 15-3.~Adding lever.

The screw multiplier, shown in figure 15-4,
has two inputs and one 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

shiaft value is always proportional totheproduct
of the two inputs. ' - :

' .

One input- gearing is connected to two long
screws. These screws passthroughthe threaded
sleeve-like ends of the slotted input slide. As

.- “he input gears to the screws are rotated, the
*two screws turn to move the slide to the left
or right. At the same time, theother input moves «
- the input rack up or down, ‘moving. the slotted
pivot arm around the stationary pin.

v
IHPUT RACK

OUTPUT RACK IHPUT SLIDE

oUTPUT * o -
GEAR | IHEUT GEAR

TO RACK

T STATIOHARY

i INFUT GEAR
FiH

TO SCREW

GROOVE

o 12,91
Figure 15-4.—Screw type multiplier. = .~

ﬁ _ | . ?153 1(-3 . _ : ,"  -

. connecting all three where

“are simil _
. mined if thé other values are known. .

The multiplier pin is mounted in the alog
of the input slide, pivot arms, and output rack,
‘ the slots cross.
As the multiplier pin moves the input slide and
pivot arm, it positions the output rack andgear.
Now, consider the multiplier in the zero

position shown in figure 15-5. Ifonly the screws

are rotated, the input slide moves to the right;

but it will not affect the output rack. Similarly,

if only the input rack is moved up or down from

the zero position, the output rack will be un-
affected. Thig ig 4 reasonable result, for any
number multiplied 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 {imp
device. The valde a represents the amount of
rack input: The value b represents the amount
of slide input. Kiis a fixed distance, since the
multiplier pin gannot move and the input rack
travels in a mdchined guide. - 3

- Becauge ;the angles are equal, the triangles
hus the value of X-can-be deter-

r. Thus

(Actually, X= 2 .~

This equation shows that the output (X) is
always propertional to the product of the two
inputs. The constant value {K) can be com-
pensated for by the proper choice of input
and output gearing for the multiplier. Theseg

ZERO LINE OF .
INPUT StIDE

MULTIPLIER PIN R
OVER STATIONARY e
PIN

ZERO LINE OF '
TNFUT RACK

' , 12.92
Figure 15-5.—Screw type multiplier—zero
position. :

priangle superimposed on the
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. . inruT
i . RACK
INPUT SLIDE .

L MuLiieLier
5, 5 iy _ '.FIN .

STATIONARY _, L .
PIN S e . : '

12.93

Figure 15-6.—Screw type mul}ipnéfa
multiplying positive values.

-

multipliers can also determine the product of
negative values. B

The rack.iype multiplier in' figure 15-7
performs the same task as the screw type
multiplier. The differences are that (1) the
screw 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-
struction, also employes trianglesforthe multi-
plication of the two inputs. A sector type multi-
plier is ,shown in figure 15-8. One input
positions the input sector arm and-the other
input turns:a large screw that fs mounted on
the input sector arm.'The bevegl gear turns this
lead:§egew- through a universal joint. The use
of /Wniversal joint permits the input to
the lead screw as the sector arm changes
its angular position. Notice that the lead screw
drives the multiplier pin up and down the
gector arm. Thus -the position of the input
segtor arm and the position of the multiplier
on the lead screw represents the two values
to be multiplied. Lo

15

) t
- INPUT RACK —

NO, 2

FIVOT ARM =,

STATIONA
PN g

INPUT RACK
NO. g
INPUT NO.Y
' 0 12.94,
Figure 15-7.—Rack type multiplier. .

= » ¥
A study of figure 15-9 along with figure’
15-8 will reveal how.the triangles are estab-
lished. While the ' sector fype multiplier can
handle both posgitive and negative inputs’ on
the input sector arm, the input to the lead
screw must: always. be- a. positive” quantity.
They cam computing multiplier is a .dual
operation device. It computes a functigh of

‘one value on.a ¢am and multiplies that function

by a 'second value. It is a combination of a cam
and a rack type muiltiplier. .

OUTPUT

! , s‘s“EEAﬁ!

SECTOR

ouTPUT
SECTOR
QUTPUT FA%%E:‘"E"
SECTOR — 7 AR
ARM

CONMECTING
PIH
RADIUS

ARM f

MULTIPLJER
PIN

Lo PIVOT PIN PIVOT PIN

IHPUT SECTOR

FIvoT PIH
: , © 12,95
Figure 15-8.—8ector type multiplier.
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_ ANGLE B —u
AHGLE D"

Figure 15-9.—Multiplying with the sector
. ' type multiplier.

A single cam computing multiplier is shown in
figure 15-10. Notice it is like the rack type
multiplier "except 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

' MULTIFLIER

CAM Pin

GEAR
IHFUT

COMPUTIHG _
CAM N

V CAM FOLLOWER FIH
— STATIOHARY FIH

' 12.97
Figure 15-10.—-8ingle cam computing multiplier.
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. was cut.

. 12.96.

directly. The cam positions the input. slide
according to the function for which the cam
Thus the cam output beéomes the
slide input. The position of the output “rack
represents a valle which is proportional to

the product of the cam output and the rack
"input, just as in the rack type multiplier.

A two-cam computing multiplier- computes
the function of both inputs and multiplies these
functions together. The output is proportional to o
the product of the functions of the two inputs.

Linkage multipliers of the type described’
here are used when one of the factors is a con-
stant, as shown in flgure 15-11. In this example-

" we want to transform a movement representing.

the quantity X into one representing 1.5X, One -
end of the multiplying lexﬁr is pivoted on the/fixed
frame of the computer, asindicated by the 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 as far from the

fixed pivot as the connection of the input link.

' The two scale§ 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 linka 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 muitiplication of two 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 aggh Y..The levers AB and ED
are pivoted on the fixed structure and are
connected by link$?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;

1.5%s12

: 12.98
Figure 15-11 .—Multiplying lever.
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R | 1299
Figure 15-12.—Multiplying linkage.

and the output-XY is taken' off at D’ In the

. position of the links shown in figure 15-12, X -

equals_ two units, Y equals two units, and X‘Y
equals=four.

This type of linkage in the computer can be
operated in reverse to serve as a divider in-
stedd of a multiplier. Two inputs are applied

‘at the points corresponding to B and D in figure -
15-12. The output taken off at C thenrepresents

the input at Dwdivided by the input at B.

Campcment golvers are devices thatareused
" in mechanical computers. The component solver
takes a vector of a given magnitude and angular
pasitlcm and resolves it into itstwo rectangular
compc:nents )

There are several types of cgmponent s0lv-
ers. However, this discussion will be limited
to the screw type component golver. The device
consists of a vector gear, two racks, two output
gears, two input gears, and a screw and pin as-
sembly. The speed input geardrivesageas train
which causes-the screw to .turn. As the screw
turns, it drives an assembly carrying the pin,

[

thuh clﬁnglng the length: r.ﬂ the vectnr whic.h is.
prgpartianal to the input cumponent suchasr-
. (slant range). (See figure 15-13. )

-In this type of component solver. the: pm v
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 direction-indicating tar-
get position.  The pin positions the racks as
it maves along the slot, thus res@lvmg the

" vector into.its companents
An angle regolver is a“linkage mechanism ]

which computas the sine and cosine of an angle.

. Figure '15-14A.. shows: an_angle resolver cﬁna_

sigting of gear H with two érank pins M and N,
mounted 90° apart and equidistant from the t:enter
of the gear.. Attached to each crank pm is an
output link: which transmits the horizontal’com-
ponent of motion 8F the pin as the gear rotates.
The horizontal component of thedisplacement of
pin M is | rgpurtmnal ta the sine of the apgle
"-through which gear H rotates. The ‘horizdﬁtﬁl
ecmponent of pin N ig proportional to the cosine.
of thie angle through which gear H- rotates.
Figure 15-14B shows the resolvér in ita
zero position, with the radius OM perpendiculaf’
‘to the horizontal centes line and the radius ON:

"“in the horizontal center line. Notice that link R

(sine output) is at zero horizontal displacement,
and that link S (EDSiﬂé nutput) is at maximum

OUTPUT
GEAR

INPUT

— vecror

SCREW GEAR (8)

12.113

- Figure 15- 13 -=Screw ‘type gampnnent solver.
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N hurisbntgl digplécement If we rétated gear H

7L clockwise throughanangle 30°, Hhk R would move *
to the right and link 8 to the 1eft along the hori-

sontal center line, The linear displacement of the
output links would be proportional to the sine
and cosine function of the angle.

‘The outputs of the rea@lver of figure 15;14»

are only .approximate. values. This is b p
the output links are not parallel tothe horizontal
centgr line, The output links have a slight angu-
eltmtnate distﬁrtion
additional gearing, and by making the pinsMand

-N eeccentric.

Integrators, as used in computers perform

—-a-speetal-type of multiplication. In, the disc~type
integrator, illustrated in figure 15-15, a con-
stantly changing value, such as time, is mylti-
plied by:a variable such as range rate, such as
range (the rate that a target fange is opening
or closing), the outputbeing 4, continuous value
of their product which can be accumulated as
ghai’t l‘otaticm = -

'disc révolved at ccmstant speed by a motor
equipped with a clock eseapement a carriage,

- containing two balls driven b,l friction with the

surface of the disc, and themselves driving an

output rofler; and suitable shafts and gears for
transmission of values to and from the unit.
Rotation of the disc 'rotates the lower ball,
which turns the upper ball, and this in turn

_ MAXIMum
DISPLACEMENT

L!NE‘%

. HORIZONTAL -
%, CENTER LINE

mséucsusm‘"
. LIHE
. tas =3 T
oy v .‘g EERTY 115
‘*E{igux;e’é 15-14 -—Eas;g linlage angle resclver

‘provides sufficient pressure to dgrevent slipping.

This i.s accomplished by .

156

ratates the output roller Thebags are suppurted
in a movable carriage sothat the point of contact
between the lower ball and the disec can be
shifted along a digfneter from the center of the
disc to either edge. Spring tengion on the roller .
7

Two balls are used to reduce the .sliding
friction that results when only one, is used
The speed of roller rotation depends upor,
speed at which the balls rotate. If the ::a’rriage
ia 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 aximum speed 3t the edge of the
disc. The speed varies withthe distance of the
carriage from the center. Values of rotation
on one side of center are considered positive,
while if the carriage is movéd to the opposite
side, rotation'will be in the opposite direction
and w111 give negative output valuds.,

’ SU’MMARY
of t.he many exlstipg camplex machines to
choose, from, you have been given cmlﬁa few -
examples to study. The operatmnal pr.inciples
of some of them may have come &o you qujte
easily—others may have been a bit harde:\(;
gragp. In any case, if you’ll keep firmly in mint

. the following points that have been brought out

in thls book—you‘ll find all machines much

A mac:hine is any devu:e that helps you do
work. It helps you.by changmg 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 tackle, the wheel
and axle, the inclined plane, the screw,
and gears.

When machines give a mechani:al advantage
of more than one, they multiply the force -
of your effort. Vﬂjen they give a mechan-
ical advantage of less than one, they mul-
;txply either the motion, GI‘ the speed of the
force you apply : .
your eﬁort is alwayg: used tD DVE!’COmE
friction. You always do more work onthe
machine than it does on the load.

You ‘can f1gure aut how any cumplex machine

machines fréem which it 1‘s made, and
following the action through, step by step. -
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Figure 15-15.—The disc type integrator.
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Linkages, 78
Luff tackle, 11

Machine elements and basic mechanisms,

69-86
basic mechanisms, 74
bearings, 69-73
ball bearings, 73
cams, 80-82, 85
; and cam followers, 80-82
clutches, 82, 86
couplings, 78-84
gear differential, 74-78
linkages, 78
radial-thrust roller bearing, 73
springs, 71-74
types of, 74
universal joints, 79-81
&gjbmeter, 56
Micrometer, 27
Moment of force, 17, 20
Multiple-cylinder engines, 112

‘Oars, 2
Oldham coupling, 78, 80
One-cylinder. engine, 106

Pelican hook, 8
Pinion gear, 30
Pointe: 's handwheel, 21
‘Power,. 46-57
c@.leulatien of, 46-48
horsepower, 40
motor, 48
Prony brake; 48
Power takeofis, 141
Power trains, 130-149
axles, 148, 149 LS
clutch, 130-133
differentials, 144-148
r final drives, 142-144
joints, 142,145
propeller ehaft eeeemblic;s, 142
tranemlesmn, 133 139
Pressure and the deep sea
diver, 60

Preasure, measurement of, 50-56

balances, 50, 52
barometers; 54-56
exerted by fluids, 52
gages, 53
mafiometer, 56
scales, 50, 51
Prony brake, 48 -

;.
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Quadrant davit, 29

Rack and.pinion, 37

Radial-thrust roller bearing, 71, 73
Ramp, 23

Rigger's vise, 28

- Roller bearing, 71, 13

Roller bitt, 43
Runner, 10

Scales, 50, 51

ke
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Schrader gage, 53
Screw applications, 26-29
friction brake, 28 .
inclined plane in spiral form,. 26
jack screw, 26, 27
“mechanical advantage of, 29
micrometer, 26
quadrant davit, 29
rigger's vise, 28
turnbuckle, 28
Sleeve coupling, 78
Spider gears; 76
Spiral bevel gears, 144
Springs, 71-T4
Spur gears, 30
Steam engine, 106 X
Synchromesh clutch, 138
Synchromesh transmission, 136
L]
Timing gears in engines, 128
Torpedo, 60
Torque, 17, 21, 22
wrench, 21
Transfer cases, 140-142
Truck transmission, 133
Turnbuckle, 28
Typewriter, 89-105 1
backspace, 96
bell ringer, 102
construction and operadtion, 90
escapement, 92
external parts, 89
line lock, 102
line space, 103
pinion stop slide, 103-105
ribbon drive, 93-96
shift, 98, 101, 102
tabulator, 96-99 =
type bar, 93

Universal joints, 79-81

Valve lifters, 127

Valves and valve mechanisms, engine, 126- 12%%
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