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FirstStep

wyszep= (M1 = {{1, 0, O, r1}, {0, 1, 0, O}, {0, O, 1, 0}, {0, 0, 0, 1}}) // MatrixForm
(M2 = {{1, 0, 0, L1}, {0, 1, O, 0}, {0, O, 1, O}, {0, O, 0, 1}}) // MatrixForm
M12 = Inverse[M1].M2;
(S1={{0}, {0}, {1}, {0}, {0}, {0}}) // MatrixForm
(82 = {{0}, {0}, {0}, {1}, {0}, {0})}) // MatrixForm
AdMlinv = {{1, 0, O, 0, O, 0}, {0, 1, 0,0, 0, 0}, {0, 0,1, 0,0, 0},
{0, 0,0,1,0,0}, {0,0,r1,0,1,0), {0, -rl, 0,0, 0, 1}};
AdM2inv = {{1, 0, 0, 0, 0, 0}, {0, 1, 0, 0, O, O}, {0, 0, 1, 0, O, 0},
{0, 0, 0,1, 0,0}, {0, 0,11, 0,1, 0}, {0, -L1, 0, 0, 0, 1}};

Outl1578}/MatnxForm=

1 0 0 rl
010 0
W=1o0 01 o
c 00 1
Out{ 1560 MatdxF orm=
1 0 0 L1
010 0
Moo 01 o
000
Qui1582¥MatrixForm=
0
0
5 11
[ e}
0
0
Qul] 1533} /MatrixForm=
0
0
0
57} 1
0
0
Second Step

nps2e= (€1 = {{0, 0, 0, 0, 0, O}, {0, O, 0, O, O, O}, {0, O, O, O, O, O},
{0, 0,0, m1, 0, 0}, {0, 0, 0, 0, ml, 0O}, {0, 0, 0, 0, 0, m1}}) // MatrixForm;
(62 = {{0, 0, 0, 0, 0, 0}, {0, 0, 0, 0, O, 0}, {0, 0, O, O, O, O}, {0, O, O, m2, 0, O},

{6, 0, 0,0, m2, 0}, {0, 0, 0, 0, 0, m2}}) // MatrixForm;

Find Ai's
w(tssop= (Al = AdM1linv.S1) // MatrixForm;
(A2 = AdM2inv.S2) // MatrixForm;
Alsk =
({0, -aA1[[3, 1]], AL[[2, 1]1], AL[[4, 1]]}, {AL[[3, 1]], O, -AL[[1, 1]], AL[[5, 1]]}.
{-ALl[[2,1]],A1[[1, 1]], 0, AL[[6, 1]1}, {0, O, O, O}};

A2sk = {{0, -A2[[3, 1]], A2[[2, 1]1, A2[[4, 11]}, {A2[[3, 1]], 0, -A2[[1, 1]],
A2[[5, 111}, (-A2[[2, 111, Aa2([[1, 1]], O, A2[[6, 1]]}, {0, 0, O, O});
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Define Initial Conditions

wissay= (VO = {{0}, {0}, {0}, {0}, {0}, {0}}) // MatrixForm;
(vodot = {{0}, {0}, {0}, {0}, {g}, {0}}) // MatrixForm;

FindTi's

intiszep= (TO01 = M1.MatrixExp[Alsk * 61]) MatrixForm;
(T12 = M12.MatrixExp[A28k #82]) // MatrixForm;

Find Velocities

mpisesl= (V1 = Al *61') // MatrixForm
Visk =
({0, -vi[[3, 1}1, Vv1([[2,1]], V1[[4, 1]1}, {V1[[3, 1]], O, -V1[[1, 1]], V1[[5, 1]1},
{-vi[{2, 1]],v1[[1, 1]], O, Vi[[6, 1]]}, {0, 0, 0, 0}};
V2sk = Inverse[T12].V1isk.T12 + A28k %62 ';
(V2 = FullSimplify[{{V2sk[[3, 2]1}, {V2sk[[1, 311}, {Vv2sk[[2, 1]]},
{v2sk[[1, 411}, {V2sk[[2, 4]1)}, {V28k[[3, 4]1]}}]1) // MatrixForm
Out{ 1588 MatrixForm=
0
0
61’
&N = 0
rlol’
0
Oul{ 1588} /MalrixFarm=
0
0
o1’
62’
(L1 +62) 617
0

o, =

Find Accelerations
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iniiseop= (T10 = FullSimplify[Inverse[T01]]) // MatrixForm;

(adT10 = {{cos[e1], Sin[61], 0, 0, 0, 0}, {-Sin[61], Cos[61], 0, 0, 0, 0},
{o,0,1,0,0,0)}, {0, 0, -xlSin[61], Cos[61], Sin[61], 0},
{0, 0, -rl (-2+Cos[61]), -Sin[61], Cos[61], 0},
{-r1 (-2+cos[61]) sin[61] - r1cCos[61] Sin[61],
rl (-2+Cos[61]) Cos[61] -rlsSin[61]%, 0, 0, O, 1}}) // MatrixForm;

(advl = {{0, -V1[[3, 1]], V1[[2, 1]], 0, O, O}, {Vi[[3, 1]], 0, -V1[[1, 1]], O, O, 0},
{-vi[(2,1]], vi[[1, 1]], 0, 0, O, O}, {0, -V1[[6, 1]], VL[[5, 1]], O, -VL[[3, 1]],
Vi[[2,1]]}, {vi[[6, 111, 0, -V1[[4, 1]], VA[[3, 1]], O, -V1[[1, 1]]},
(-vi[[5, 111, v1[[4, 1]], 0, V1[[2, 1]], V1[[1, 1]], 0}}) // MatrixForm;

(Vldot = FullSimplify[AdT10.V0dot + AdV1.Al *61"' +Al #01"' ']1) // MatrixForm;

(T21 = Inverse[T12]) // MatrixForm

(adr21 = {{1, 0, 0, 0, 0, 0}, {0, 1, 0, O, 0, 0}, {0, O, 1, 0, O, O}, {0, 0, 0, 1, 0, 0},
{0,0, -(-L1+rl-€2), 0,1, 0}, {0, -L1+rl-62,0,0, 0, 1}}) // MatrixForm;

(adv2 = {{0, -V2[[3, 1]1, V2[[2, 1]], 0, 0, 0}, {V2[[3, 1]], 0, -V2[[1, 1]], O, O, 0},
{-vz2[[2, 1]], v2[[1, 1]], 0, O, O, O}, {0, -V2[[6, 1]], V2[[5, 1]1, O, -V2[[3, 1]],
v2[[2, 111}, {v2[[6, 111, O, -V2[[4, 1]], V2[[3, 1]], O, -V2[[1, 1]]},
{-v2[[5, 111, v2[[4, 1]], 0, V2[[2, 1]], V2[[1, 1]], 0}}) // MatrixForm;

(V2dot = FullSimplify[AdT21.V1ldot + AAV2.A2 #62"' +A2 +62 ' ']1) // MatrixForm

Qui{ 1594 ¥/MatrixForm=

1 00 -Ll+rl-o©2

gv = 010 0
\ 001 0
0 0O 1
Quif15e7¥/MatnxForm=
0
v
0
6\/’1/ ; el//

\O

g Sin[61] + 62"
gCos[©1] +61' 62" + (L1 +62) 61"
0

Now Forces

inisszy= (F2 = FullSimplify[G2.V2dot - AdV27.G2.V2]) // MatrixForm;

Flatten[F2'.A2] // FullSimplify
(F1 = FullSimplify[AdT21".F2 + G1.V1ldot - AdV1'.G1 .V1]) // MatrixForm;
Flatten[F1T.Al] // FullSimplify

—_—

owssr {2 (gsine1] - (L1+e2) (117 +027)} = [y

oupisss {g (m1rl+m2 (L1+62)) Cos[O1] +2m2 (L1 +62) 61’ 02’ + (m1r1?+m2 (L1+ 62)%) 61"} = Cl



