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Lesson 1 Basic Concept 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.e., 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. (1]

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 magnitudes of these forces
for a variety of reasons. The distribution of the forces at the boundaries or mating surfaces
must be reasonable, 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. (2} 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.

Two equal and opposite forces acting along two non-coincident parallel straight lines in a
body cannot be combined to obtain a single resultant force. Any two such forces acting on a
body constitute a couple. The arm of the couple is the perpendicular distance between their
lines of action, and the plane of the couple is the plane containing the two lines of action.

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

1



called the characteristics of a force.

Matter is any material or substance; if it is completely enclosed, it is called a body.

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, or
quantity of matter, 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 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.

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 Newton’s three laws are:

Law 1 If all the forces acting on a particle are balanced, the particle 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 particle are not balanced, the particle will experience an
acceleration proportional to the resultant force and in the direction of the resultant force.

Law 3 When two particles react, a pair of interacting forces come into existence; these
forces have the same magnitudes and opposite senses, and they act along the straight line

3 the two particles.

common to

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] n. fI%
2



statics| 'staetiks] n. BIIE BIRRE

dynamics| dai'neemiks] n. a1, Bah T, Ak R

i.e. ARFLAE, BF( = that is)

gravitational[ igreevi'teifonal ] a. & 11

mating 'meitin] n.;a. BCE(H), BE(R), HHiEH)
mating surface W FI0 , Bl A-£1H

e.g. Bl ( = for example)

gear[gio] n. %, KiRfEahiEE

shaft[ fa:ft ] » . %l

meshing! 'mefig] ». W7, B&, #1F

bearing[ 'beorin] n. B, K, K,

lever[ lirvo 8 "leva] n.¥LFF,B90F, T, 18F

pulley[ 'puli] n.¥%, KR, B

cam[ kaem] 7. I0FE, 0 ES  BEAR, FEEE, (T AR

magnitude! 'maegnitjud] . KN, R, B BHE

compose| kam'pouz] v. #HE, ¥ A

journal bearing ¥ FhHH&

squeeze| skwiz]| o. B, 44 ; 2. JEME, B &

squeeze out ‘B?Bi, i

flaking[ 'fleikin] ».#F, REHE , E#E; o HHIEH
spalllsport] o Hl, B, 4THE, RV, R s n . B
noncoincident[ inonkou'insident] o . AEGH, A —8H, REFESH
parallel[ 'paeralel] a. H4TH, FA7RS, AT ; n . SEATER
resultant| ri'zaltont] o. S8, HEH, B8 ». &1, 8RR AR
couplel 'kapl] ». 718, %

perpendicular| paipon'dikjulal «. FEEHM ;n. T H, IEX, T
inertial i'naxfjo] = . 154PE,RE, M1, RiEsh

celestiall si'lest[al] a. K4y, KKK

incapable[ in'keipabl] a. TTREJIH, ANBERI, TCHIK, TTHIHE Y
deformation[ idi:for'meifon] n.2EF ,JEAE, H il , W AF
deformable[ di'formebl ] a . TASTE#T, W AF 1)

acceleration| akiselo'reifon] ». NG, Ik B, {2 9, ik
sense[sens] n. ;v B, K, BN, 1H)

scalar[ 'skeilo] n.;a. & (K) W& (1)

moment( 'maument ] n. J15, T4



momentum[mou'mentam] n. Z}‘b% , {TP%

Notes

1. be concerned with B R “W K, 5------ A X", physical contact B & “SEPriEf, HiE
A", ean]dn.
SHRATE M, BMEAR K Z 03, d A R 2 28 o A 10 SEBR# f s AL
R AT 7 A B o

2. operate on KL A “Xfeeees EEA, EW”, £a]iER.
WRAE AT S AR B ROK, B S IEMERST SRR 5E& R MM
PR R A PR e 3

3. common to B R A [Py S



Lesson 2 Forces and Their Effects

A study of any machine or mechanism shows that each is made up of a number of
movable 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. 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 forces from making such changes. Every {orce 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 applicd 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. If the compressive and tensile forces are greater enough to make the layers of
the material slide upon each other, a shearing force results.

The turning of a part in a lathe is another example of several forces in action (as shown
in Figure 1).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. 2! If this workpiece is held between the centers of the
lathe, the centers exert a compressive force against the work. [3! 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 1 'The turning of a part 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 safe 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 also used in common
appliances such as clothes dryers and in devices to control motor speeds and accelerate moving
machines,

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.

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. For either rotary or rectilinear motion, it is possible, with added mechanical
devices, to produce other forms of motion such as intermittent motion and reciprocating
motion.

Rotary Motion. The motion that is commonly transmitted is rotary motion. This type
6



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. [+

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 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 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.

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] 'maskjula] a. LA

tensile[ 'tensail] «. i S1H

in tension A=Hr, KSZHIN S1

compressive! kom'presiv] a. BE N, K48
torsional[ 'to:Jenal] o . FEEHY, 8 11 1
torque[tork ] = . H3E , ¥ 4E

shear( fia] v.;n.87,84]

stretch[stretf] . {H K

compression{ kom'prefon] n.[E45, E'E
lathe{1eid] ». £ v. HEEM T

lathe dog  X§.0a3k , PR ¥k

wedging action BAER, BAER

cutting edge 7171, YIHI7]

cutting tool YIHI| T.E,JJH

centrifugal[ sen'trifjugel ] a. B0, B L 1)
grinding( 'graindig] ». B H|



grinding wheel P3¢, BEFS

bonding agent AEAR, #5EH|

abrasive[ o'breisiv] . WFEER], BE R}

revolving[ ri'volvig] v. BE¥%; a . JEFRY

fly apart &, ¥

centrifuge[ 'sentrifjudz] n. B.OHL, BLOAFE
impurity[ im'pjusriti] » . 4208, IR
centrifugal casting process B0
centripetal sen'tripitl ] a. [@.0 80, F L 18
clothes drver K#H T ¥l

rectilinear] ;rekti'linis] . HZRAY, I FLER 4 Y
intermittent( ;into:'mitant ] « . [AMHKHY), BrEE 8y
reciprocating/ ri'siprokeitin] « . HE 87, X FHY
hand tool T 1. LA, FHRIETH

power tool &)1 T.H

rotary| 'routori ] o . JEFE A, # 5

milling( 'milin] ». 8EHI

shaping| 'feipig] = . I}l

micrometer{ mai'kromito] n. JHET, T2 R, #Ck
thread[ Ored ] n.#R&r

hamonic[ ha:'monik] #. &, 1 sRA%L
vibration| vai'breifon] = . ¥Rkl

back-and-forth fFEz5), HiRizd
pendulum| 'pendjulom] ». 802 ; o BHH
simple harmonic motion &1z 5

irregular motion ARSI E , A BN Z B
return stroke [F[#2, R [FI47HE

power hacksaw 31 1 5 4

shaper[ 'feipa] n. 4kl K

shaper ram 4L IR kL

obtainable[ ab'teinabl ] a . BEFKIFH, A]13 R

Notes

1. turning of a part X BAG“XF—DNEFHITERIM L, @8N,
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JUN IR B AR B 5 S — A B F B AR R IR B X4 647 4l T (i 1
FR7R) o

. chip XBF“UIHE"., work X B T4, Bl workpiece ", @AJA]1FN .

XA S BEERGUTBRIE RN T E Rk —,

. centers of the lathe BN “ TR TR, SAYH]FN .

WER—A LU IR P TR Z 8], RIS TR m— 1.

. rotary motion B A“FIFiEg)", £AERN:

BEAL TEFIR BRI B 3K Sh & AL XU 4 B S A B R E Bl

. the screw of a micrometer B 4“ T4 R I8AF" 8]]34 .

T3 Rrb BB FE ISR IE 1) SR 20U 1832 3 7 ) 3% 848 4 28 14 3 Sh— 8 13 )
LH,

. harmonic and intermittent motion & A“IERLE I MBl#EE)" .,

. simple harmonic motion B A “HIAEN", A1 %R,

EAAITR] S i B o, B4, 200 F A ML A0 10 08 S R RTG530



