
Lesson1暋BasicConceptsinMechanics

Thebranchofscientificanalysiswhichdealswith motions,time,andforcesiscalled
mechanicsandismadeupoftwoparts,staticsanddynamics.Staticsdealswiththeanalysisof
stationarysystems,i.e.,thoseinwhichtimeisnotafactor,anddynamicsdealswithsystems
whichchangewithtime.

Whenanumberofbodiesareconnectedtogethertoformagrouporsystem,theforcesof
actionandreactionbetweenanytwooftheconnectingbodiesarecalledconstraintforces.
Theseforcesconstrainthebodiestobehaveinaspecificmanner.Forcesexternaltothis
systemofbodiesarecalledappliedforces.

Figure1灡1暋Twoshaftscarryinggearsinmesh

Forces are transmitted into machine
members through mating surfaces,e灡g.,

from ageartoashaftorfrom onegear
throughmeshingteethtoanothergear(see
Fig灡1灡1),fromaV灢belttoapulley,orfrom
acamtoafollower.Itisnecessarytoknow
themagnitudesoftheseforcesforavarietyof
reasons.Forexample,iftheforceoperating
on[1]ajournalbearingbecomestoohigh,it
willsqueezeouttheoilfilmandcausemetal
to metalcontact,overheating,and rapid
failureofthebearing.Iftheforcesbetween
gearteetharetoolarge,theoilfilm maybesqueezedoutfrombetweenthem.Thiscould
resultinspallingofthemetal,noise,andeventualfailure.Inthestudyofmechanics,weare
principallyinterestedindeterminingthemagnitude,direction,andlocationoftheforces.

Someofthetermsusedinmechanicsaredefinedbelow.
Force暋Ourearliestideasconcerningforcesarosebecauseofourdesiretopush,lift,or

pullvariousobjects.Soforceistheactionofonebodyonanother.Ourintuitiveconceptofforce
includessuchideasasplaceofapplication,direction,and magnitude,andthesearecalledthe
characteristicsofaforce.

Couple暋Twoequalandoppositeforcesactingalongtwonon灢coincidentparallelstraight
linesinabodycannotbecombinedtoobtainasingleresultantforce.Anytwosuchforces
actingonabodyconstituteacouple(seeFig灡1灡2).Theonlyeffectofacoupleistoproducea
rotationortendencyofrotationinaspecifieddirection..

Mass暋Massisameasureofthequantityofmatterthatabodyoranobjectcontains.The
massofthebodyisnotdependentongravityandthereforeisdifferentfrombutproportional
toitsweight.Thus,amoonrockhasacertainconstantamountofsubstance,eventhoughits
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moonweightisdifferentfromitsearthweight.Thisconstantamountofsubstanceiscalled
themassoftherock.

Figure1灡2暋Commonexamplesofcouples

Inertia暋Inertiaisthepropertyofabodythatcausesittoresistanyefforttochangeits
motion.

Weight暋Weightistheforcewithwhichabodyisattractedtotheearthoranothercelestial
body,equaltotheproductoftheobject狆smassandtheaccelerationofgravity.

Particle暋Aparticle[2]isabodywhosedimensionsaresosmallthattheymaybeneglected.
RigidBody暋Arigidbodydoesnotchangesizeandshapeundertheactionofforces.Actually,all

bodiesareeitherelasticorplasticandwillbedeformedifacteduponbyforces.Whenthedeformationof
suchbodiesissmall,theyarefrequentlyassumedtoberigid,i.e.,incapableofdeformation,in
ordertosimplifytheanalysis.Arigidbodyisanidealizationofarealbody.

DeformableBody暋Therigidbodyassumptioncannotbeusedwheninternalstressesand
strainsduetotheappliedforcesaretobeanalyzed.Thusweconsiderthebodytobecapable
ofdeforming.Suchanalysisisfrequentlycalledelasticbodyanalysis,usingtheadditional
assumptionthatthebodyremainselasticwithintherangeoftheappliedforces.

Newton狆sLawsofMotion暋Newton狆sthreelawsare:
Law1暋Ifalltheforcesactingonabodyarebalanced,thebodywilleitherremainatrest

orwillcontinuetomoveinastraightlineatauniformvelocity.
Law2 暋Iftheforcesactingonabodyarenotbalanced,thebodywillexperiencean

acceleration.Theaccelerationwillbeinthedirectionoftheresultantforce,andthemagnitude
oftheaccelerationwillbeproportionaltothemagnitudeoftheresultantforceandinversely
proportionaltothemassofthebody.

Law3暋Theforcesofactionandreactionbetweeninteractingbodiesareequalinmagnitude,
oppositeindirection,andhavethesamelineofaction.

Mechanicsdealswithtwokindsofquantities:scalarsandvectors.Scalarquantitiesare
thosewithwhichamagnitudealoneisassociated.Examplesofscalarquantitiesinmechanics
aretime,volume,density,speed,energy,andmass.Vectorquantities,ontheotherhand,

possessdirectionas wellas magnitude.Examplesofvectorsaredisplacement,velocity,
acceleration,force,moment,andmomentum.

WordsandExpressions
mechanics [mi

↓

k昖niks] n.力学,机械学
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statics [

↓

st昖tiks] n.静力学

dynamics [dai

↓

n昖miks] n.动力学

i.e. 那就是,即 (thatis)

gravitational[↓∧r昖vi

↓

tei±〖n〖l] a.重力的

matingsurface暋啮合表面,配合表面,接触表面

e.g.例如 (forexample)

gear [∧i〖] n.齿轮 (轮缘上有齿能连续啮合传递运动和动力的机械零件)

shaft[±』÷ft] n.轴 (支承转动件,传递运动或动力的机械零件)

meshing [

↓

me±i∏] n.啮合 (一对带有齿状部分的零件在传动过程中的相互连接)

bearing [

↓

b『〖ri∏] n.轴承 (用于确定旋转轴与其他零件相对运动位置,起支承或导向作用的

零部件),支承,承载

pulley [

↓

puli] n.滑轮,带轮

cam [k昖m] n.凸轮 (具有曲线或曲面轮廓且作为高副元素的构件)

magnitude [

↓

m昖∧nitju÷d] n.大小,尺寸,量度,数值

journal[

↓

d∶〖÷nl] n.轴颈 (轴上被径向轴承支承着的,在其中旋转的部分)

journalbearing暋滑动轴承,径向滑动轴承 (承受径向载荷的滑动轴承)

squeeze[skwi÷z]out挤出,压出

spalling[

↓

sp】÷li∏] n.剥落 (疲劳磨损时从摩擦表面以鳞片形式分离出磨屑的现象)

resultant[ri

↓

z【lt〖nt] a.合的,组合的,总的;n.合力,合成矢量,组合

couple暋力偶 (大小相等、方向相反、不作用在同一直线上的两个力所组成的力系)

noncoincident[↓n】nk〖u

↓

insid〖nt] a.不重合的,不一致的,不符合的

parallel[
↓

p昖r〖lel] a.并行的,平行的,相同的;n.平行线

inertia [i

↓

n〖÷±j〖] n.惯性 (物体抵抗其运动状态被改变的性质),惯量,惰性

celestial[si

↓

lest±〖l]body天体 (宇宙中各种实体的统称)

incapable [in

↓

keip〖bl] a.无能力的,不能的,无用的,无资格的

deformation [↓di÷f】÷

↓

mei±〖n] n.变形 (物体在外来因素作用下产生的形状和尺寸的改变)

deformable [di

↓

f】÷m〖bl] a.可变形的,应变的

acceleration [昖k↓sel〖

↓

rei±〖n] n.加速度 (速度对时间的变化率)

stress [stres] n.应力 (内力的集度,即单位面积上的内力)

strain [strein] n.应变 (由外力使物体尺寸或形状发生相对变化的现象)

scalar [

↓

skeil〖] n.;a.数量 (的),标量 (的)

vector[

↓

vekt〖]n.矢量,向量

displacement[dis

↓

pleism〖nt] n.位移 (物体或质点从初位置到末位置的有向线段)

moment[

↓

m〖um〖nt] n.力矩 (力和力臂的乘积)

momentum [m〖u

↓

ment〖m] n.动量 (物体的质量和速度的乘积)

Notes
[1]operateon意为 “对……起作用,影响暠。
[2]particle意为 “质点,动力学中用来代替物体的有质量的点,是一个理想化模型暠。
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