Rotational Kinetic Energy ..

Consider a rigid body undergoing a purely rotational motion (R = 0).
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T = §;ma(w X 1) = 5;7% (w2 — (F-1a)?] .

W& = (w1, wq,ws): instantantaneous angular velocity of body frame relative to
inertial frame (components in body frame).
To = (Fa1,Ta2,Ta3): PoOsition coordinates in body frame.
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Use w; = Zj wj&j.
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T = 5 Z ; mey [Wiwjéijri - WiUJjTaz”f‘aj} = 5 ; ]ij Wiy .
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Inertia tensor: [l-j = Z Mg [(5”-7“(21 - Tairaj] .
«
Inertia tensor of cont. mass distrib. p(r): [;; = /d3r p(r) [0y — riry] .

Comments:

e Inertia tensor is symmetric: [;; = Ij;.
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e Matrix notation: 7' = 3 (w1, wa,w3) - Iy Ipp I3 i )
I I3p 33 w3

e /;; depends on choice of body frame.
o [fw=uw,; then T = %]iiwf, where [;; is called a moment of inertia.

e The use of the body frame guarantees that the inertia tensor is time-
independent.

For R # 0 the kinetic energy generally has three parts, translational, mized,
and rotational, which are further discussed in [mex67], [mex173]:

T = Z %ma (R+ @ X ra>2 = %ZmaRQ—FZ mawaraJr% Zma (& x ra)Q.



