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In(10= (%
ME 449 Homework 2
Zack Woodruff
4/24/2014

*)

(*Problem I %)

Print["Problem 1"];

0 -a3 a2
SkewSym[{al_, a2_, a3 _}] := [ a3 0 -al ];
-a2 al 0

0 -a3 a2 a4

3 0 -al a5
Bracket[{al_, a2_, a3_, a4_, a5_, a6_}] := aa2 il : :s ;

0 0 0 0

expS[S_, ©_] :=MatrixExp [Bracket[Flatten[S]] * 6]

100 0
S = 010 L1+L2 |
"o o0 1 d !
00O 1
0 0 0 0
0 0 0 0
1 1 1 0
Sls = 0 + 828 = L1 ; S3s = L1+ L2 ; Sds = o |7
0 0 0 0
0 0 0 -1
0 0 0 0
0 0 0 0
1 1 1 0
S1b = (11 +12) ; S2b = _12 ; S3b = 0 ; S4b = o |
0 0 0 0
0 0 0 -1

(#L1=1;L2=1; d=1;61=0;62=Pi/2;93:0;64:0;*)

Print["TO04s:"];

(Ts = MatrixExp[Bracket[Flatten[Sls]] *61].
MatrixExp[Bracket[Flatten[S2s]] % 62] .MatrixExp[Bracket[Flatten[S3s]] % 63].
MatrixExp[Bracket[Flatten[S4s]] *64] .M // FullSimplify) // MatrixForm

Print["T04b:"];

(Tb = M.MatrixExp[Bracket[Flatten[Slb]] *61].
MatrixExp[Bracket[Flatten[S2b]] % 62] .MatrixExp[Bracket[Flatten[S3b]] » 63].
MatrixExp[Bracket[Flatten[S4b]] % 64] // FullSimplify) // MatrixForm

Printed by Wolfram Mathematica Student Edition
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Problem 1

TO04s:

Out[18)/MatrixForm=

Cos[01+62+63] -Sin[61+62+63] 0 -L1Sin[6l] - L2 Sin[6l +62]
Sin[61+62+63] Cos[61+62+63] 0 L1 Cos[61] + L2 Cos [601 +62]
0 0 1 d-o64
0 0 0 1

T04b:

Out[20)/MatrixForm=
Cos[61+62+63] -Sin[01+62+63] 0 -L1Sin[61] -L2Sin[61 +62]
Sin[©1 +62 +63] Cos[61+62+63] 0 L1 Cos[61l] +L2 Cos [61+62]
0 0 1 d-64

0 0 0 1

wi- (Problem 2x)

Print["Problem 2"];

01 0 0
1 = 10 0 3L |
“10 0 -1 -2xL |’
00 O 1
0 1 0 0 0 0
0 0 0 0 1 0
1 0 0 0 0 -1
Sls = 0 ; S2s = 0 ; 83s = 0 ; Sds = 0 ; Sbs = 1, ; S6s = 3«1’
0 -2%L 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0 1 0 0 0 0
-1 0 0 0 0 1
S1b = 0 ; S2b = 0 ; S3b = 1 ; S4b = 0 ; S5b = 0 ; Séb = ol
-3%xL 0 0 0 -L 0
0 -3%L 0 -1 0 0

Print["T04s:"];

(Ts = MatrixExp[Bracket[Flatten[Sls]] #61].
MatrixExp[Bracket[Flatten[S2s]] % 62] -MatrixExp[Bracket[Flatten[S3s]] » 63].
MatrixExp[Bracket[Flatten[S4s]] % ©4] .MatrixExp [Bracket[Flatten[S5s]] *65].
MatrixExp[Bracket[Flatten[S6s]] *66] .M // FullSimplify) // MatrixForm

Print["T04b:"];

(Tb = M.MatrixExp[Bracket[Flatten[S1lb]] #61].
MatrixExp[Bracket[Flatten[S2b]] * 62] .MatrixExp[Bracket [Flatten[S3b]] *©3].
MatrixExp[Bracket[Flatten[S4b]] « 64] .MatrixExp[Bracket [Flatten[S5b]] % 65].
MatrixExp[Bracket[Flatten[S6b]] x66] // FullSimplify) // MatrixForm

Ts - Tb

Printed by Wolfram Mathematica Student Edition
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Problem 2

T04s:
Out[26]/MatrixForm=
Cos [01] Cos[65] 5in[66] - Sin[61] (Cos[02] Cos[66] + Sin[62] Sin[65] Sin[66]) Cos[61] Cc
Cos[65] Sin[O1] Sin[66] + Cos[O1] (Cos[62] Cos[O6] +5in[62] Sin[65] Sin[66]) Cos[65] C
Cos[©6] Sin[©2] - Cos [62] Sin[65] Sin[66]
0

T04b:
Out[28)//MatrixForm=
Cos[©1] Cos[65] Sin[66] - Sin[61] (Cos[62] Cos[66] +8in[62] Sin[65] Sin[66]) Cos[61] Cc
Cos[65] Sin[61] Sin[66] + Cos[O1] (Cos[62] Cos[66] + Sin[62] Sin[65] Sin[66]) Cos[65] C
Cos[©6] Sin[O2] - Cos[62] Sin[65] Sin[66]

Tols -TO4K ’

oue= {{0, O, 0, 0}, {0, O, O, 0O}, {0, O, O, O}, {0, O, O, 0}}

(xProblem 3x)

Print["Problem 3"];

0 -a3 a2
SkewSym[{al_, a2_, a3 _}] := [ a3 0 -—a1]
-a2 al 0
0 -a3 a2 a4
a3 0 -al a5
Bracket[{al_, a2_, a3_, a4_, a5 , a6_}] := —a2 al 0o a6l

Adj[b_] :=
Join[Join[b[[1 ;; 3,1 ;; 3]]1, SkewSym[b[[1 ;; 3, 4]1]]1.b[[1 ;; 3,1 ;; 3111,
Join[Table[0, {3}, {3}], b[[l;; 3,1 ;;3]11, 2];

expS[S_, 6_] :=MatrixExp[Bracket[Flatten[S]] * 6]

(¥ Force for in x dirs)

0
0
o -5/ 8qrt[2] ; Fbx =
5
0

0

O OoOulo oo

(* Force for in y dirx)

Printed by Wolfram Mathematica Student Edition
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o] 0
0 0
1
Fsy = 5% (2+1/8qgrt[2]) ; Fby = 0 ;
0 0
5 5
0 0
0 0 0
0 0 0
1 1 1
Sls = ol’ S2s = o |7 83s = 1/8qrt[2] ;
0 -1 -(1+1/8qrt[2])
0 0 0
0 0 0
0 0 0
1 1 1
1= ,’B = ; = 7
B -1/8qrt[2] 2 -1/8qrt[2] B3 0
2+1/8grt[2] 1+1/8qgrtf2] 1
0 0 0

(* Space frame Jacobianx)

(Vsl = S1s // FullSimplify) // MatrixForm;

(Vs2 = Adj[expS[Sls, 61]].S2s // FullSimplify) // MatrixForm;

(Vs3 = Adj[expS[Sls, 61] .expS[S2s, ©2]1].S3s // FullSimplify) // MatrixForm;
Print{"Js:"];

(Js = Join[Vsl, Vs2, Vs3, 2]) // FullSimplify // MatrixForm

(* Body frame Jacobianx)

(Vbl = Adj[ (expS[-B3, €3]) . (expS[-B2, 62])].B1 // FullSimplify) // MatrixForm;
(Vb2 = Adj[ (expS[-B3, ©3])]1.B2 // FullSimplify) // MatrixForm;

(Vb3 = B3 // FullSimplify) // MatrixForm;

Print["Jdb:"];

(Jb = Join[Vbl, Vb2, Vb3, 2]) // FullSimplify // MatrixForm

(* Setting angles to zero confics)
61 =0;,02=0;063=0;

(* X dir torque calcs)

Print["zsx:"];

tsx = Js'.Fsx // FullSimplify // MatrixForm
tbx = Jb".Fbx // FullSimplify // MatrixForm;

(* ¥ dir torque calc#)

Print["zsy:"];

tsy = Js’.Fsy // FullSimplify // MatrixForm
tby = Jb".Fby // FullSimplify // MatrixForm;

Printed by Wolfram Mathematica Student Edition
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Problem 3
Js:
Out[14)/MatrixForm=
0 0 0
0 0 0
1 1 1
0 Sin[@l] Cos [61+62] +Sin [61] + Sin[61+62]

2 \ 2
] + -Cos [61+62]+5in[61+62]

J2

0 -Cos[6l] -Cos[Ol

0 0 0
Jb:
Out[19)//MatrixForm=
0 0 0
0 0 0
1 1 1
_ Cos [03] N Sin[63] +&in [92 ® 93] -Cos [63]+5in[63] 0
NEY V2 NEY
14 Cos[63] +Cas [92 +@3] 3 Sin[63] 14 Cos [63] I Sin[63] 1
7z Iz oz
0 0 0
TSX:

Out[22)/MatrixForm=
3
\ 2

.

Jz

0

Tsy:

Out[25])//MatrixForm=

52+ —
)
54 2

\/'2—

5

«- (xProblem 4x)

Print["Problem 4"];

0 -a3 a2
SkewSym[{al_, a2_, a3_}] := [ a3 0 —al]
-a2 al 0
0 -a3 a2 a4
a3 0 -al a5
Bracket[{al_, a2_, a3_, a4_, a5_, a6_}] := —a? ail o a6l
0 0 0 0

Adj[b_] :=
Join[Join[b[[1;; 3,1 ;; 3]], SkewSym[b[[1 ;; 3, 4]]1.b[[1;;3,1;; 3111,

Printed by Wolfram Mathematica Student Edition
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Join[Table[0, {3}, {3}]1,b[[1;;3,1;;311], 2]:

expS[S_, © ] :=MatrixExp[Bracket[Flatten[S]] % 6]

1 0 0 L1+L2+L3+14
010 0
M=10 01 0 ’
000 1
0 0 0 0
0 0 0 0
1 1 1 1
Sls = ol? S2s = 0 ; 83s = 0 ; S4s = 0 ;
0 -Ll - (L1 +L2) - (L1 +1L2 +L3)
0 0 0 0
0 0 0 0
0 0 0 0
1 1 1 1
Bl = 0 ; B2 = 0 ; B3 = 0 ; B4 = o |’
(L1 + L2 + L3 + L4) (L2 + L3 + L4) L3+1L4 L4
0 0 0 0

Print["TO04s:"];
(Ts = expS[Sls, O01] .expS[S2s, 62] .expS[S3s, 63] .expS[S4s, 64] .M // FullSimplify) //

MatrixForm

(¥*Part b, Body Jacobianx)

(*# Body frame Jacobianx)

(Vbl = Adj[ (expS[~B4, 64]) . (expS[-B3, 63]) . (expS[-B2, 62])].B1 // FullSimplify) //
MatrixForm;

(Vb2 = Adj[ (expS[-B4, 64]) . (expS[-B3, 63])].B2 // FullSimplify) // MatrixForm;

(Vb3 = Adj[ (expS[-B4, 64])].B3 // FullSimplify) // MatrixForm;

(Vb4 = B4 // FullSimplify) // MatrixForm;

Print["Jdb:"];

(db = Join[Vbl, Vb2, Vb3, Vb4, 2]) // FullSimplify // MatrixForm

(* Torque Calculation part cx)
01 =0;62=0;083=Pi/2;064=-Pi/2;

Print["zc:"];
(te = Jb".Fb // FullSimplify) // MatrixForm

(* Torque Calculation part dx)

Printed by Wolfram Mathematica Student Edition
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61 =0;62=0;63=Pi/2;04=-Pi/2;

0
0
~-10
~10
10
0

Print{"zd:"];
(td = Jb".Fb // FullSimplify) // MatrixForm
Problem 4

T04s:

Outf10)/MatrixForm=
Cos[01+62+03+04] -8in[O1+62+63+64] 0 L1lCos[Ol] +L2 Cos[B1 +62] + L3 Cos[61 +62 +

Sin[©1+02 +63+64] Cos[61+62+63+64] 0 L1Sin[O1]+L2Sin[61 +62] +L3Sin[61 +02 +

0 0 1 0
0 0 0 1
Jb:
Oul[t8}/MatrixForm=
0 0
0 0
1 1
13 5in[64] +L2 5in[63 +64] + L1 Sin[02 + 83 + 64] L3S5in[64] +12 Sin[63 + 04] L3
L4+L3Cos[64] +L2Cos[03 +64] +L1 Cos[62+63+04] L4 +1L3Cos[04] +12Cos[63+04] L4 +1
0 0

TC:
Out[20)/MatrixForm=
10 (1 +L1+L2-L3+L4)
10 (1 +L2-13+1L4)
10 (1-13+L4)
10 (1 +1L4)

td:
Quif24)/iMatrixForms=
10 (-1 +L1+L2+L3+1L4)
10 (-1 +L2+ L3+ L4)
10 (-1 +L3+1L4)
10 (-1+14)

Printed by Wolfram Mathematica Student Edition




ME449HW2.nb | 9

w- (xProblem 5x%)

Print["Problem 5"];
0 -a3 a2
SkewSym[{al_, a2_, a3_}] := [ a3 0 -al ];
-a2 al 0

0 -a3 a2 a4

0 -al a5
Bracket[{al_, a2_, a3_, a4_, a5_, a6_}] := a:2 al (E)l :6 3

0 0 0 0
Adj[b_] :=
Join[Join[b[[1 ;; 3, 1 ;; 3]], SkewSym[b[[1 ;; 3, 4]]1].b[[1;; 3,1 ;; 3111,
Join[Table[0, {3}, {3}],b[[1;;3,1;;3111, 2]:
10 0 L1+1L2

M = 010 0 .
“lo o0 1 0 !
00O 1
0 0
0 0
1 1
Sls = 0 ; S2s = 0 M

0 -L1
0 0

Print["T02s:"];

(Ts = MatrixExp[Bracket[Flatten[Sls]] *01[t]].
MatrixExp[Bracket[Flatten[S2s]] *62[t]].M // FullSimplify) // MatrixForm

expS[S_, ©6_] := MatrixExp[Bracket[Flatten[S]] % 6]

(» Space frame Jacobianx)

(Vsl = S1s // FullSimplify) // MatrixForm;

(Vs2 = Adj[expS[Sls, 61]].S2s // FullSimplify) // MatrixForm;

(Js = Join[Vsl, Vs2, 2]) // FullSimplify // MatrixForm;

Print["J:"];
D[Ts[[1;; 2, 4]], {{e1[t], 62[t]}}] /. 61[t] »©1 /. 62[t] » ©2 // MatrixForm

(*xD[Ts,t]//FullSimplify //MatrixForm
{{e1'[t]},{€2"[t]},{0},{1}}//FullSimplify //MatrixForm

D[Ts,t].{{e1"[t]},{62"[t]},{0},{1}}//FullSimplify//MatrixForm)
(*D[Ts,t] .Inverse[Ts]//FullSimplify//MatrixForm

Inverse[Ts].D[Ts, t]//FullSimplify//MatrixForms)

Printed by Wolfram Mathematica Student Edition
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Problem 5

T02s:
Qut[8yiMatrixForm=
Cos[OL[t] +62[t]] -Sin[O1[t]+62[t]] O LlCos[O1[t]]+L2Cos[O1[t] +02[t]]
Sin[O1[t] +62[t]] Cos[61[t]+62[t]] 0 L1Sin[O1[t]]+L2Sin[O1[t] +02[t]]
0 0 1 0
0 0 0 1

J:

Out[14}iMatrixForm=
-L18in[61] -L2 Sin[61 +62] ~L2 Sin[e1 +62]
Ll Cos[&1] + L2 Cos[61 +62] L2 Cos [0l +02]

Printed by Wolfram Mathematica Student Edition




