An Introduction to Spatial (6D) Vectors

Answers Part 4

Topics: Dynamics
Instructor: Roy Featherstone®
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Answer A2
Starting with the formula I'p = BX;@I 14X 5 on slide 9, simply invert both sides:
Iz' = (BX314"Xp) 7!
= ("Xp) ' (°X)
= Bx, X,
Answer A3

ap = Iglf and ay = —Iglf; SO Gl = AR — QA = (Ig1 + Igl)f. Therefore
-1 -1 -1
Il=1+15".

rel

The relative inertia is the harmonic sum (the inverse of the sum of the inverses) of the inertias
of the participating bodies, whereas the inertia of a composite body is the ordinary sum of the
inertias of its parts.

Answer A4
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Answer Bl
Substitute @ = S& + Sa into the equation of motion:
Ffrfo=I(Sa+Sa)+tvxIv.
Find o '
ISa=f+f.—ISa—vx'Iv
ST1Se = ST(f — IS — vx*Iw)
&= (STIS)1ST(f — ISa — vx*Iv).
Substitute this expression for ¢ back into @ = Sé& + Sa:
a=S(SIS)'ST(f —ISa —vx'Iv) + Sa.
This equation can be expressed in the form

a=Pf+0b

where @ and b are the apparent inverse inertia and bias acceleration of the constrained body,

respectively, and are given by
& =S5(8118)"1sT

and _ .
b=Sa—-P(ISa+vxIv).
Answer B2
d
p— 3 p— —_— S
a="19 dt( )
= Sa+ S«
= S+ vxSa

= Sa+vxv = S&

TS =0 implies TTS +TTS = 0, which in turn implies T7 Sa+TT Sa = 0. But we already
know that Sa = 0, so '
T v =0

Answer B3

The equation for & obtained in the answer to Bl is
a=(STIS)IST(f — ISa — vx*Iv).
Substituting ¢ and T gives
= (ST1S)"Y(r — ST(ISa + vx'Iv)).
Rearranging this equation into the form 7 = Hqg + C gives

H=-5"1S
C =ST(ISa+vxIv)



Answer B4
T= %’UTI’U by definition (slide 8). Substituting v = S¢q gives

1 1
T = 5qTSTIS(; = 5qTHq

(This is in fact a defining property of H.)

Answer C1
Kinetic Energy:
Vo = 0
Vi = V) T Sigi
1
T = 50l Livi + Y e, T
ﬂot = Tl
Or you could replace the last two lines with Tiox = % > ’U;FIZ"UZ'.

Momentum:
Vo = 0

Vi = V) T Sigi
hi = Tivi + 3 jepi b
hiot = hy

where h; is the total momentum of the subtree consisting of link ¢ and all of its descendants.



