Multibody Dynamics
Exercises #1 Answers

1. a) The column rotates about the Y axis, and the disk is oriented with a body-fixed 2-1-3 rotation

sequence.
T ! T ’
{rof=[Re ] {L}+[Ro] {1}
C, 0 S, |[L ccC,+S,5,5, -CS,+S,S,C, SC,|[r
=10 1 0|50;+ C,S, C.C, -S, |10
-s, 0 C,||0] |-SC,+C,S,S, S, S,+CS,C, CC,||0
b) wy; (i =1, 2,3) are the body-fixed components of the angular velocity of the disk.
c, 0 S/lo 0 41][L
T ~1 ! T ~1 ’
("ol =[Rc] [@ [{L}+[Ro ] [@h ]{r}=| 0 1 0 0 0 010
-5, 0 C,||-6, 0 0]|0
C,C,+S,5,S, -CS,+SS,C, SC,|| 0 -w,, o, |[r
+ C,S, C,C, =S, || @bs 0 -wy |40
-5,C,+CS,S, S,S,+CS,C, CC,|l-wp, op 0 |0
oy, | [6,C,S,+6,C,
w, +=40,C,C,—0,S, | (fora2-1-3 body-fixed rotation sequence)
@5 -0,S,+6,
C) ay (i =1, 2,3) are the body-fixed components of the angular acceleration of the disk.
T ~! ~1 ~1 ! !
("o} =[Re] ([ac J+[ o J[ac )L} +[Ro ] ([0 ] ][w {r
C, 0 S,/[|lo 0 ¢ 0 0 6] L
=0 1 0 0O 0 0|+ 0 O Of O 0+
—SlOC1—5100—9100—¢91000
' cC,+S,5,8S, -C,5,+S5,5,C, S,C, al,
C,S, C,C, -S, aD3 —ay, |+
-s,C,+C,S,S, S, S,+CS,C, CC, 0
0 -op o, 0
@ 0 -y || o _a)m
—0h, Oy 0 || -@p,
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d) The column vectors below show the N,, N,, and N, components of the position, velocity, and

acceleration vectors of P.

LC,+r(C,C,+S,S,S,)

{rp}: rc,S,
LS, +r(-S,C,+C,S,S,)

~LS,0,+1(~C,S; +8,5,C; ) wh; — 1 S,C 0},
(Ve )= r(C,Coopn;+S,00,)
—LC,6,+7(8,S,+C,S,Cy) @y 1 C,C o0,

~(C,6; +5,6,)
{fa,}=L 0 +
(8,67 -C.6,)
~(CiC5+8,5,85)( @, + @) +(~C,S5 +5,8,C4 ) (s + @@, ) +8,C, (~t, + @yl )
r -C,S, (a)'DZ2 + a)'g3)+ C,C, (0433 + a)jjla)jjz)— S, (—a’Dz + a)'Dla)'Ds)

(SICS _Clszss)(a)gz +w'|323)+(8183 +Clszca)(a;33 +a)’[)1a)’|32)+C1C2 (—06132 +a)’01a)’03)

2. a) & =0.142857; &, =-0.214286; ¢, =0.428571; &, =0.866025
0540816  0.681083 0.493603
b) [R]=|-0.803532 0.591837 0.063762
~0.248705 -0.431109 0.867347

c) [e,=0.540816N, +0.681083 N, +0.493603 N,

e, =—0.803532 N, +0.591837 N, +0.063762 N,

e, =—-0.248705N, —0.431109 N, +0.867347 N,

3. a) & =0.022260; &, =-0.439680; &, =0.531976; ¢, =0.723317
b) @) =-0.375 (radls); «), =1.51554 (rad/s); w;, =1.75 (rad/s)
c) & =0.652214; &, =0.667333; &, =698475; &, =—0.128128
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