
 

3D DYNAMICS
MOMENTSOF INERTIA MOIS of a body
aboutan axis measurethedistributionof thebody's
mass asat that axis andarealways POSITIVE
Thesmallerthe vertiathemoreconcentratedthe
mass is asat the axis

Ifax S y't z dm
abort

Igy f x 22 dm xyz

IÉz f x yr dm
axis

PARALLEL AXESTHEOREMFOR MOIS The viertia Iii of a bodyabout an axis i
passis through a point A is equal to thesumof the inertia It of thebodyabout a parallel
axis throughthecenterdmass G plusthemass M timesthesquareof theshortestdistance
di betweenthetwoparallel axes

It If Md i a y or z

The minimum MoIs of abodyoccurabut axespessn'sthrough mess center All
one vertiesmust be larger vindicatedby addition of nd term

PRODUCTSOFINERTIA POIs are takenwith respect to planes ay y z at visreedof
in respect to axesCteeMots They arevidicatorsof symmetry Canbe POSITIVE NEGATIVE ZERO
If a plane is a planeof symmetry then theproducts of inertia associatedwith any
axis perpendicular to thatplane are zero

a Z Ix y I Sx
e s if ay planeof symmetry I xz I Zx

In I z 0 Iya Izy

Bodiesof revolution have twoplanes of symmetry an

e s if XZ y z planeofsymmetry

I say I yz I n z O



PARALLELAXISTHEOREM for Po Is The PoI Ifj of a body about a paid axes
i j passusthroughanypoint A is equalto thesumof the PoI Iif d thebodyabout a
setof parallel axes throughthemess center G plus themess on finesthe productof thecoordinate
Ciandej of A relative to G or G relative to A measureddens these axes

I f I j t MC Cj i x y or Z and j x y or Z

THE INERTIAMATRIX
The MoIs and Po Is d a Godsabout a setof axes passusthroughsome pointcan be
collected vio a suite inertiamatrix

I xx Ixy Ia z diagonalentries Mo Is
I f Iya I yy eye

of diagonalentries PoIs

Iz x I zy Izz

For nonsymmetricbodies
Canbe an infinitenumber of inertia matrices associatedwitheachpoint of a
body because theviertiamatrix changes withorientationofthe axes at thatpoint

nPee is severallyonlyone set of axes foreachpointforwhichthe ciertia mo
isdiagonal Call Pots 0 These axes arecalled PRINCIPLEAXES and the
Mots asat these axes are called pricipleMots
In several thepricpleaxes and Moss aredilbert foreachpartof a body

Forsymmetricbodies n a

Canbemultiplesets of pricipleaxes of a sevenpoint
Multiplepouts canhavethesameprincipleaxes forge

gE s X andY axes areprincipleaxes foranypoint
alongthe Z axis and theycanbe rotatedanyangle
about the Zaxis to produceanothersetofproiapleaxes Cy

All viertiamatricesaresymmetric they havereal eigenvalues and eigenvectors

eigenvalues principle Mots

eigenvectors principle directions It normalised represent threemutually
perpendicular unit vectors in theprinciple
directions



EULER'S EQUATIONSOFMOTION only valid

1 is an inertialE É Mot 3 Equations wane
no a

Kortum IT I x T and Ent dig II non

rototris

In 3D limit ourportofanalysis to a fixedportor body A or mess centerG

E NTa DIE or Ente diff
use a fixed coordinatesystem to thebody so that MotsandPots remainconstant

Nig

thesecondary coordinatesystem doesnt need
to be at thecenterofmass G but with the
problemsgiven it is agoodoptionas that is
normally a setof principle axes rider's life
easier

O s secondary

primary p bodylined Iftp Ift Ipx FaL

vertial I Ip
all expressed n ENT I Ip TB X I Ipwrit primary C secondary 2cgZ
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Mae InaIac t TyWI Izz Igy t Ixy Tawi Ly Ina Easy Iz Iyz Ty Iz
EM IyyTy t Tate I xx Izz t Iyatent Iz Iag Easy In I I Toi
ENT Izz Iz t I Ty I ng I xx I xt wywz Tx I yz E Tz tLy I xy I T y



And if we choose the principleframe for analysis then Ixy In z Iya 0

So
Ntsc I xx Io t Ey Iz Izz Igy
NTy IgyLy t Int z I xx Izz

E NTz Izz É z t Ia Ty Iya I xx

Procedure for solus dynamicsproblems for rigidbodies in 3Dmotion

1 Look at bodygeometry lookforprincipleframe

2 FBP

3 Kinematicrelationships

4 Eons

5 Solvesystemof equations


