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Lesson 1 Basic Concepts in Mechanics

The branch of scientific analysis which deals with motions, time, and forces is called
mechanics and is made up of two parts, statics and dynamics. Statics deals with the analysis of
stationary systems, i. €., those in which time is not a factor, and dynamics deals with systems
which change with time.

When a number of bodies are connected together to form a group or system, the forces of
action and reaction between any two of the connecting bodies are called constraint forces.
These forces constrain the bodies to behave in a specific manner. Forces external to this
system of bodies are called applied forces.

Electric, magnetic, and gravitational forces are examples of forces that may be applied
without actual physical contact. A great many, if not most, of the forces with which we shall
be concerned occur through direct physical or mechanical contact*

Forces are transmitted into machine members through mating surfaces, e. g., from a gear
to a shaft or from one gear through meshing teeth to another gear, from a V belt to a pulley,
or from a cam to a follower. It is necessary to know the magnitudés of these forces for a
variety of reasons. The distribution of the forces at the boundaries or mating surfaces must be
reascnable, and their intensities must be within the working limits of the materials composing
the surfaces. For example, if the force operating on a journal bearing becomes too high, it will
squeeze out the oil film and cause metal to metal contact, overheating, and rapid failure of the
bearing!? If the forces between gear teeth are too large, the oil film may be squeezed out from
between them. This could result in flaking and spalling of the metal, noise, rough motion,
and eventual failure. In the study of mechanics we are principally interested in determining the
magnitude, direction, and location of the forces.

Some of the terms used in mechanics are defined below.

Force Our earliest ideas concerning forces arose because of our desire to push, lift, or pull
various objects. So force is the action of one body on another. Our intuitive concept of force includes
such ideas as place of application, direction, and magnitude, and these are called the characteristics of
a force,

Mass is a measure of the quantity of matter that a body or an object contains. The mass of
the body is not dependent on gravity and therefore is different from but proportional to its
weight. Thus, a moon rock has a certain constant amount of substance, even though its moon
weight is different from its earth weight. This constant amount of substance is called the mass

of the rock.



Inertia is the property of mass that causes it to resist any effort to change its motion.

Weight is the force with which a body is attracted to the earth or another celestial body,
equal to the product of the object’s mass and the acceleration of gravity.

Particle A particle is a body whose dimensions are so small that they may be neglected.

Rigid Body A rigid body does not change size and shape under the action of forces.
Actually, all bodies are either elastic or plastic and will be deformed if acted upon by forces.
When the deformation of such bodies is small, they are frequently assumed to be rigid, i. e.,
incapable of deformation, in order to simplify the analysis. A rigid body is an idealization of a
real body.

Deformable Body The rigid body assumption cannot be used when internal stresses and
strains due to the applied forces are to be analyzed. Thus we consider the body to be capable
of deforming. Such analysis is frequently called elastic body analysis, using the additional
assumption that the body remains elastic within the range of the applied forces.

Newton’s Laws of Motion Newton’s three laws are:

Law 1 If all the forces acting on a body are balanced, the body will either remain at rest or
will continue to move in a straight line at a uniform velocity.

Law 2 If the forces acting on a body are not balanced, the body will experience an
acceleration. The acceleration will be in the direction of the resultant force, and the magnitude
of the acceleration will be proportional to the magnitude of the resultant force and inversely
proportional to the mass of the body.

Law 3 The forces of action and reaction between interacting bodies are equal in magnitude,
opposite in direction, and have the same line of action.

Mechanics deals with two kinds of quantities: scalars and vectors. Scalar quantities are
those with which a magnitude alone is associated. Examples of scalar quantities in mechanics
are time, volume, density, speed, energy, and mass. Vector quantities, on the other hand,
possess direction as well as magnitude. Examples of vectors are displacement, velocity,

acceleration, force, moment, and momentum.

Words and Expressions

mechanics [ mi'keeniks] #. PiL

statics ['stestiks] n. FS%¥E,. BIDRE

dynamics [dai'neemiks] = B151%, JR3hA, stk

e FEEER, E) (=thatis)

gravitational [igreevi'teifanol] a. K

mating ['meitin] 7.; a. BA (K, BEE (KD, HE HD
mating surface W§&FEME, MG R, HEREm



e.g. #iin (=for example)

gear [gia] n Wi, WitfeshRE

shaft [Jaft] = #Hh

meshing ['mefin] n W&, KA.

bearing ['beorinl n. A&, &, &I

lever ['lizvo Bleve]| n FT#F, #RMFF, T, T

pulley U'puli] = 4%, K&, BA

cam [keem] 7 [hE8, fhDES, BB, B, (HIEM

magnitude ['meegnitjud] n. KA, RoF, &F, #E

compose | kom'pauz]| wv. ZHN,

journal bearing ¥ BIEIA, H.0H shiH&

squeeze [skwiz] v £JE. E4E; n EW, HE

squeeze out HflE, EHi

flaking ['fleikin] = #H, RERHE, E#E; o HREN

spall [spoil] o W, 8, $T8%, ¥, Bl n A, B
noncoincident [ nonkou'insident] a. AESH, A—FHH, REEESH
parallel ['peeralel] a. JFATHY, FATH, MER; n FITL
resultant [ri'zaltent] a. &, HEN, BB; n 551, GRKRE, 416
couple ['kapl] = JiE, J1%E

perpendicular [ popen‘dikjule] a. FEHM; n |H, 1EX, |L
inertia [i'nafjo] = PPE, WE, ik, V530

celestial [si'lestfol] a. RKZ28y, KEH

incapable [in'keipabl] a. TRESH, AREEM, THK, THEKBMW
deformation [ (difo'meifon] n. A5H, FEAE, M, RAE
deformable [di'fomebl] a. TIASTERY, MZSIK

acceleration [eekiselo'reifon| = JNBEREE, SEEE(E, (€3, R
sense [sens| n.; v B, WM, B, AH

scalar ['skeilo] =n.; a. E (D, fRE (H)

moment ['meument] n ., B

momentum [ meu'mentem | n BhE, &

Notes

1. be concerned with X “W Xk, L 4 37, physical contact BN “SCPRiEfE, HIEE
w7, ST SRITEXRN, BEARRSENE, GABSEESHENLI
2 fink S HL A B ok T 7 2 0

2. operate on BN “Xte---- AR, B, SRR WRERERSHRR LR AKX,
CHSIEMES L, ERERS SR EEER, FoA N BRI RS



Lesson 2 Forces and Their Effects

A study of any machine or mechanism shows that each is made up of a number of movablc
parts. These parts transform a given motion to a desired motion. In other words, these
machines perform work. Work is done when motion results from the application of force.t
Thus, a study of mechanics and machines deals with forces and the effects of forces on bodies.

A force is a push or pull. The effect of a force either changes the shape or motion of a
body or prevents other {orces {rom making such changes. Every force produces a stress in the
part on which it is applied. Forces may be produced by an individual using muscular action or
by machines with mechanical motion.

Forces are produced by physical or chemical change, gravity, or changes in motion.
When a force is applied which tends to stretch an object, it is called a tensile force. A part
experiencing a tensile force is said to be in tension. A force can also be applied which tends to
shorten or squeeze the object. Such a force is a compressive force. '

A third force is known as a torsional force, or a torque since it tends to twist an object.
Still another kind of force, which seems to make the layers or molecules of a material slide or
slip on one another, is a shearing force.

Each of these forces may act independently or in combination. For example, a downward
force applied on a vertical steel beam tends to compress the beam. If this beam is placed in a
horizontal position and a load is applied in the middle, the bottom of the beam tends to stretch
and is in tension. At the same time, the top area is being pushed together in compression.

The turning of a part in a lathe is another example of several forces in action (as shown in
Fig. 2.1)[?) As the work revolves and the cutting tool moves into the work, the wedging action of the
cutting edge produces a shear force. This force causes the metal to seem to flow off the work in the
form of chips!™ If this workpiece is held between the two centers of the lathe, the centers exert a
compressive force against the work.*) The lathe dog which drives the work tends to produce a
shearing force. The pressure of the cutting tool against the work produces tension and compression,

as well as a shearing action.

Compression

Figure 2.1 Cylindrical turning operation in a lathe



Considerable attention is given to the action of centrifugal force in grinding wheels. That
is, the bonding agent that holds the abrasive particles on the wheel must be stronger than the
forces which tend to make the revolving wheel fly apart at high speeds. For this reason, the
speed of a grinding wheel should not exceed the sale surface speed limit specified by the
manufacturer, Centrifugal force increases with speed. '

The principles of centrifugal force are used in the design of centrifuge-type machines.
Some centrifuges are used to separate chemicals; others are used to remove impurities in
metals by centrifugal casting processes. Centrifugal force principles are alsc used in common
appliances such as clothes dryers and in devices to control motor speeds.

Centripetal force causes an object to travel in circular path, This action is caused by the
continuous application of forces which tend to pull the object to the center. In other words,
the inward force which resists the centrifugal force is called the centripetal force. The
centripetal force of objects spinning at a constant rate produces an acceleration toward the
center which is equal and opposite to the centrifugal force (see Fig. 2.2).

Centrifugal
force

Centripetal
force

Figure 2.2 Centrifugal force and centripetal force associated with circular motion

The materials used in the construction of rapidly moving machine parts and mechanisms
must be structurally strong enough to provide the centripetal force required to hold the parts
to a circular path. At the same time, the materials must be able to withstand the centrifugal
force which tends to pull the parts apart.

Motion and the basic laws which affect motion are important considerations because of the
numerous applications of these principles to produce work through mechanical devices. There
are two primary mechanical motions: rotary and rectilinear. These terms suggest that rotary
motion is a circular movement around a center line and rectilinear motion is a straight line motion.

Rotary Motion. The motion that is commonly transmitted is rotary motion, This type of
motion may be produced with hand tools or power tools. Rotary motion is required to drill
holes, turn parts in a lathe, mill surfaces, or drive a generator or fan belt.l®!

Rectilinear Motion. The feed of a tool on a lathe, the cutting of steel on a power saw, or
the shaping of materials are all situations in which rectilinear or straight line motion produces

5



work.[®! In each of these situations a part or mechanism is used to change rotary motion to
straight line motion. The screw of a micrometer (Fig. 2.3) and the threads in a nut are still
other applications where the direction of motion is changed from rotary to rectilinear.'”?
Harmonic and Intermittent Motion."®? Any simple vibration, such as the regular back-and-forth
movement of the end of a pendulum, is simple harmonic motion.’” However, many manufacturing
processes require intermittent or irregular motion. For example, the fast return stroke of a power
hacksaw or shaper ram is desirable because no cutting is done on the return stroke.

Therefore, as more time is saved in returning the cutting tool to the working position, the less
expensive is the operation.

Figure 2.3 Micrometers

The combinations of rotary and rectilinear motion obtainable are unlimited because of the large

variety of parts such as gears, cams, pulleys, screws, links, and belts which can be combined in

many arrangements.

Words and Expressions

muscular ['maskjule] a. JLEK

tensile ['tensail] a. B SIH

in tension ZHi, RZHIRN JI

compressive [ kom'presiv] a. BESHI, EHEH
torsional [tofonsl] . JHEERY, FHIIRY

torque [tok] n FHEE, #IE

shear [Jia] wv.; n BY, B37Y)

stretch [stretf] v f#E

compression [kem'prefan] n. E4E, EE
lathe [1eid] n ZER; w FHEKRMI

lathe dog X&.0o323k, PRIk

wedging action HAER], BEALEH

cutting edge 7171, YIHIT]

cutting tool HIHITE., JIR

cylindrical turning  #ME %= K

centrifugal [sen'trifjugel] a. BBy, EOHIH



grinding ['graindin] » EEH|)

grinding wheel #h %, BH#

bonding agent ¥t&H, 45457

abrasive [s'breisiv] n. FHER], B

revolving [ri'volvin] v HEH; a. JEHK

fly apart KE.,

centrifuge ['sentrifjuwds] n. B.OHL, 2.0/
impurity [im'pjueriti| =, ZRFE, B
centrifugal casting process E.L#E 1k

centripetal [sen'tripitl] a. LM, FIHEFEC HH
clothes dryer X4/ THL

rectilinear [ rekti'linio] a. EHZRMN, HEL4HN
intermittent [ inte:'mitont | a, [E]RKAY, BTZEM
reciprocating [ri'siprokeitin] a. HEK, MK
hand tool FTTH, FHAETH

power tool Z)F1 T H.

rotary Erautari] a. ﬁ%%ﬂ‘), %ﬁ]ﬂ‘]

milling ['milig] ». BEH)]

shaping ['feipin] n. @14

micrometer [ mai'kromita] n. Wiit, TR, kK
thread [Ored] n 8%

hamonic [ha'monik] ». %3, B

vibration [vai'breifan] n. YR3f

back-and-forth #EiEzh, FiRiEd)

pendulum ['pendjulem] =n. £b#2; a. K
simple harmonic motion &2 3

irregular motion AIEJEE], AHLNE B

return stroke [FI#E, REIFTH

power hacksaw SR (HERASES FROVUABRIESER 3 8BHAM B8R
shaper ['feipa] n. #3LHIK

shaper ram A4~ 3L A K IG kL

obtainable [ob'teinebl] a. HEFBHI, AIHIM

Notes

1. work X “Th”, @MEEN. f£HNERT=AE SR T 8.
2. turning of a part X B “S—AMBEHTEEM T, 2aefiER. JLASEERG S
SN B TFREER EXTBHFSHTESIM L i 2.1 fiR),



. chip XB#8 “YJE”. work XH#E “TIF, B workpiece ”, €M ENl. X HHHELE
FRFBUDBHERNTH R k—#.

. centers of the lathe BN “FERMIR”, @AIAFER . MR- THBRRIEELERB P
TRz 6], THASR LM —A~E S .

. rotary motion BN “FFEiEzh”., AAEEN. ., EEREEHERMEF. GFE. W
£ AL XUE ) SR E Fitia s .

. feed X HLFE “HE25”, shaping X HIE “RA4 LK (shaper) #HATEIHIM L, power
saw BN “BHEIK, SRNEIK”. 2WUFEN: EREITHNHS, FESHK LSS
B0 R 4 skl BR BT R M TAR)E T BB shigeh.

. the screw of a micrometer B4 “T /2 RAF IR, AT T4 R P B B4 F 98 1§
Hh (SRS 32 Bl 1r) N 3 AR S ELER K 3 A B i S04

. harmonic and intermittent motion B8 “I&HizshfIE #E3h7.

9. simple harmonic motion X “fiiash”. &0l &N . T HAKIKsr, B, EHT

A MR B s R R ES).



Lesson 3 Overview of Engineering Mechanics

As we look around us we see a world full of “things” . machines, devices, tools; things that we
have designed, built, and used; things made of wood, metals, ceramics, and plastics. We know
from experience that some things are better than others; they last longer, cost less, are quieter, ook
better, or are easier to use,

Ideally, however, every such item has been designed according to some set of “functional
requirements” as perceived by the designers—that is, it has been designed so as to answer the
question, “Exactly what function should it perform?”0] In the world of engineering, the major
function frequently is to support some type of loading due to weight, inertia, pressure, etc.
From the beams in our homes to the wings of an airplane, there must be an appropriate
melding of materials, dimensions, and fastenings to produce structures that will perform their
functions reliably for a reasonable cost over a reasonable lifetime,

In practice, the engineering mechanics methods are used in two quite different ways:

(1) The development of any new device requires an interactive, iterative consideration of
form, size, materials, loads, durability, safety, and cost.

(2) When a device fails (unexpectedly) it is often necessary to carry out a study to
pinpoint the cause of failure and to identify potential corrective measures.”” Our best designs
often evolve through a successive elimination of weak points.

To many engineers, both of the above processes can prove to be absolutely fascinating
and enjoyable, not to mention (at times) lucrative.

In any “real” problem there is never sufficient good, useful information; we seldom know the
actual loads and operating conditions with any precision, and the analyses are seldom exact!™ While our
mathemnatics may be precise, the overall analysis is generally only approximate, and different skilled
people can obtain different solutions. In the study of engineering mechanics, most of the problems will
be sufficiently “idealized” to permit unique solutions, but it should be clear that the “real world” is far
less idealized, and that you usually will have to perform some idealization in order to obtain a solution.

The technical areas we will consider are frequently called “statics” and “strength of materials”,
“statics” referring to the study of forces acting on stationary devices, and “strength of materials”
referring to the effects of those forces on the structure (deformations, load limits, etc. ).

While a great many devices are not, in fact, static, the methods developed here are
perfectly applicable to dynamic situations if the extra loadings associated with the dynamics are
taken into account. Whenever the dynamic forces are small relative to the static loadings, the

system is usually considered to be static.



