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Planar Rigid-Body Motion

This sisty is imporani for the design of gears, ams,; amsl mechanisms used for
many mechsmicod operstions. Oece e kinematics is thorooghly nnderstood,
then we con apply the equatisns of moton, which relate the forces om the body

to the bosdy’'s motion. The plamar mation of o body eccurs when all the particles
of @ mipid body move along paths which ore eguidisiom from a fixed plane
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Tromxlamiam. This tvpe of modon occurs when o line m o ibe body remmins
paraliel 1o ifs ongionl oneowton throeghou the motion. When the paths of
motion for any two pomis oo ibe body are parallel lines, the mobon is called
reciilinear troaniation, Fig. . IF the paths of motion are slong surved lines, the
motion is called cwrwilinear fransintion, Fig.h.
Raodwiios obont @ fIved axiy. When a agpid body rototes about o fixed axis, all
ihe particles of the body, excepl thame which be on the axis of rotation. move
mlong circuiar paths. Fig.c
fremeral plame motion. When o body is subjected to gersernl plane monion, i
unidergoes a combination of tmnslagion awd rotaton, Figad, The translation
oocurs within 0 refemnce plone, mnal the oliion occors obowut @n @xis
perpendicular io the reference plane.
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fa the fellewiay sections we will consider each of these mietions in detmil
Examples of badies wndergoing dheve mationy ore shover fn Fig

Curvilinear traisladion

Crneral ptane L

Heciitne g tramialion Hedadiom abouil & fiued a3

i thjraersvs

¢ [Wsardr the Bve baaw types of newd body mobon: anslation, oisss shoob 3 fred s,
genorml plane motion, maism abmi o foved point. and peveral msion:

= s sngular kizematic relsbooships involving &, v seed @ to determine the angular meton
of a rigid body.

= lavninty the direcins of erms inthe relative veocity and relaire wocekemiss squations.

* Cefrmlaes the linear veloosy ond sccelersinom of any poimd on 2 mod body pndersons
manslmion. fixed axm ro@tion. of general plane motion

we commsder the kinemamics ol rigid bodies. We will invesiigaar the relassons betwers the
ume, ihe positome the velochses. and the accelrmom of the vyanoms parbcles forming s

1. Tramlatmn. A moion s sasd o be o tmaslabon of ooy stmaghi Ime msde ibe
body mainiains the same onentation dunmg the motion. In o renslation, all of
the particles forming the body mose along paraliel paths. I these paths ane
sirnighl lines, the motion s called rectilinesr tramilation (Fig. | of the paths are
curved lioes, the motion 15 called corvilinear transbotion (Fig. ).

L Rotatien About o Fined Axis. In this motion, the particles formang the mgid
hody memwve in parallel plones along circles centered on the same fived axin
{Fig. b If thas axzs, called the axis of rotatiom. inderscects tlvwe rmpwl body. the
particles locatsl on the axis have sero velocity amd zero acoelermtson,
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Be cureful mexd 1o comfuse mmtion with cortain types of cunvilnear mamdaton. For example
the plate shown in Feg a5 in curvilesr tramslsbion, with all of s pamicles moving alomg
peerwlie! circles, wheress ihe plaie shown m Fig. & is in roaton, wth all of iz particles
moving aloug comveninic cocles, In fhe first case, any zrven strmght Line drawn on the plate
n:-ﬁrﬂm&uru,ﬁiﬂmniemjmn.ﬂum#hﬁmtﬁmp
thrvughoot the rostion. Because cach particle moves in o piven plase, the mation ol a body
shout g fed mus is sid o be z plase metion.

v | 4. ki e Wbk bite i i sl

Fig. dap In cwrvilipewnr mofion, particles mave alorg parallel corclex wherean
i} i fiveed cocy refation, particles sine alowg comcentric circies

X Geoeral Plane Matien. Mlany ciher types of plane motion can occur. Le., motions m
which all the particles of the body move in 2 emele plase. Any plang moton that w nevber a
rofation nor 3 fremsistion i refemed io a genersl plane motion. Figre shows two examples

ufﬁ plane ounion.

Abowt & Fizrd Poimt. The theee-dmenssonal monon af a rigsf ‘body mached = a
foved point 3, smch: as the mﬁlmml#hﬁhnm-mm.ﬂn
el poim.

5. Cermerral Mation. Azy moton of 3 npd body tha does not full in any of these categones =
Tefermed o = a proeral motion.
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Fig. @ A rofting wheel aud ibj & shilimg rod are commow cmmples of peaerel plene
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Fip. The moton «f o spinning iop oo 8 rough surface s an example of three-
dimensonal mation aboat a fixed poam

Afier g ‘nnief discussion of the mation of imnsfaton, we consuler the romtion of o ngud Sody
abmut 3 fooed s We defime the anguiar weincin end the ungwier acorferanion of a nigd
body rotanng about & fined axis, and you will sc how o expross e vebocity aad
accekration of a given point af the body i wrma of sis pasinon vecior and the angular
velocity omd angular accelormmion of the bady.
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