Summary of Equations: 3-D 4-DOF
Biped w/ Point-Feet, Midleg-Mass
March 15, 2009

Robert D Gregg

E-mail: rgregg@illinois.edu
http://decision.csl.uiuc.edu/~rgregg/

Decision and Control Laboratory

Coordinated Science Laboratory

Department of Electrical and Computer Engineering
University of lllinois at Urbana-Champaign

Variables

w -- > stance yaw angle

¢ -- > stance roll angle
ens -- > swing pitch angle
6s -- > stance pitch angle

m Constants

1 -- > leg length
M -- > hip mass
m -- > midleg mass
gamma -- > slope angle
Beta -- > potential shaping angle
(difference between passive slope angle and actual slope gamma)
c -- > Lateral control proportional constant (in functional conserved quantity)
d -- > Lateral control bias constant (in functional conserved quantity)
r -- > Yaw control proportional constant (in functional conserved quantity)
s -- > Yaw control bias constant (in functional conserved quantity)
Kp -- > Lateral proportional control gain for conserved quantity surface tracking
Lp -- > Yaw proportional control gain for conserved quantity surface tracking

Lagrangian Dynamics

q = {{w[t]}, {6[t]}, {ens[L]}, {6S[t]}};
qdot = D[q, t];
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KE = 1/ 2 Transpose[qdot] .Mmatrix.qdot;

PE
1
7Egl (mCos[ens[t]] - (3m+2M) Cos[os[t]]) Cos[op[t]]

Lagrangian = KE - PE;

m Mass/Inertia Matrix

Mmatrix
([5r
8
(Cos[¢[t]]” (-6m-4M+mCos[2ens[t]] + (5m+4M) Cos[26es[t]] +8mSin[ens[t]] Sin[es[t]]) +
4 (-3m-2M+2mCos[ens[t] -6s[t]]) Sin[da[tﬂz) ,

}2

1
- —1%2Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[2es[t]] -4mSin[ons[t] +6s[t]]),
12m (1-2Cos[ens[t] -es[t]]) Sin[¢[t]],

12 (5m+4M-2mCos[ens[t] -os[t]]) Sin[¢[tu},

F IS NN
[ 0

{75 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[2es[t]] -4mSin[ons[t] +6s[t]]),

s 12 6m+4M+mCos[2ens[t]] -8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[2es[t]]), O, 0},

12m 1
s 12 mCos [6ns[t] 7es[tﬂ},

1
{Z I2m (1-2Cos[6ns[t] -6s[t]]) Sin[¢[t]], O, ;

1 1 1
{Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]], O, > I?mCos[ens[t] -6s[t]], n 12 (5m+4M)H

m Coriolis Matrix

Dim = Dimensions[Mmatrix];
Cmatrix = Table[0, {Dim[[1]]1}, {Dim[[1]1]}]1;
For[i=1, i <sDim[[1]], i++,

For[j =1, J <Dim[[1]], J++,

Cmatrix[[i, J]] =

FullSimplify[1/2Sum[(D[Mmatrix[[i, J11, q[[k, 1111 + D[Mmatrix[[i, K11, Q[[J, 1111 -
D[Mmatrix[[k, j11, q[[i, 11]1) qdot[[k, 111, {k, DIm[[1]11}1111;

Cmatrix

(5"
16
(4m (Cos[ens[t]] Cos[#[t]]° (Sin[ens[t]] -2Sin[es[t]]) +2Sin[ens[t] - os[t]] Sin[¢[t] }2)
ens’' [t] +2 (74mCos[es[t]} Sinfens[t]] + (5m+4M) Cos[o[t] }ZSin[Zes[tH +
4mCos[éons([t]] Sin[es[t]] Sin[¢[t] ]2) os’ [t] +
(6m+4M+mCos[26ns[t]] -8mCos[ons[t]] Cos[es[t]] + (5m+4M) Cos[26s([t]])
Sin[2¢[t]] ¢'[t]),

J2
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1
— 1?2 (4mCos[¢[t]] Sin[oens[t]] (Sin[ons[t]] -2Sin[os[t]]) ens’[t] +

4Cos[¢[t]] Sin[es[t]] (-2mSin[ens[t]] + (5m+4M) Sin[es[t]]) 6s’[t] +

2 (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) Sin[¢[t]] ¢ [t] +
(6m+4M+mCos[26ns[t]] -8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[26s[t]])
Sin[2¢[t]] v [t]),

3 1°m (Cos[¢[t]] (Sin[ons[t]] -2Sin[os[t]]) (Sin[ens[t]] ¢ [t] + Cos[ens[t]] Cos[¢[t]] w [t]) +
2Sin[ons[t] -os[t]] Sin[¢[t]] (ens'[t] +Sin[¢[t]] v [t])),
% 12 (74mSin[ens[t} -os[t]] Sin[¢[t]] es' [t] +2Cos[¢[t]] Sin[os[t]]
(-2mSin[ens[t]] + (5m+4M) Sin[es[t]]) ¢’ [t] + (74mCos[es[tH Sin[ons[t]] +
(5m+4M) Cos[¢[t]]?Sin[26s[t]] +4mCos[ons[t]] Sin[es[t]] Sin[¢[t]]?) w’[t})},
{7% 12Cos[¢[t]] (2mCos[ens[t]] (Cos[ens[t]] - 2Cos[6s[t]]) ens’[t] +

2Cos[os[t]] (-2mCos[ens[t]] + (5m+4M) Cos[es[t]]) os'[t] +
(6m+4M+mCos[2ens[t]] -8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s([t]])
1
Sin[(¢[t]] W [t]), “a 12 (m (Cos[ons[t]] -2Cos[os[t]]) Sin[ens[t]] ons’ [t] +
(-2mCos[ons[t]] + (5m+4M) Cos[os[t]]) Sin[es[t]] 65 [t]),

1
74— 1°m (Cos[ens[t]] -2Cos[os[t]]) (Sin[oens[t]] ¢’ [t] +Cos[ens[t]] Cos[p[t]] w [t]),
1
n 12 (2mCos[ens[t]] - (5m+4M) Cos[es[t]])

(Sinfes[t]] ¢'[t] +Cos[es([t]] Cos[¢[t]] w' [t] )},

1
{-Z I2m (Cos[ons[t]] Cos[¢[t]]

(-(Cos[ens[t]] -2Cos[os[t]]) ¢’ [t] +Cos[¢p[t]] (Sin[ons[t]] -2Sin[es[t]]) w' [t]) +
2Sin[ens([t] -e6s[t]] Sin[¢p[t]] (6s'[t] +Sin[¢[t]] w [t])),

| =

1°m (Cos[ens[t]] -2Cos[es[t]]) (Sin[ens[t]] ¢'[t] +Cos[ons[t]] Cos[o[t]] v [t]),

O n

- 12mSinfons[t] -os[t]] (6s'[t] +Sin[¢[t]] w'[t})},

1
{212 (4msin(ens(t) -es[t]] Sin[¢[t]] ons'[t] + 2Cos[os[t] ]

(-2mCos[ons(t]] + (5m+4M) Cos[6s[t]]) Cos[¢[t]] ¢'[t] + (4mCos[os[t]] Sin[ens[t]] -
(5m+4M) Cos[¢[t]]?Sin[26s[t]] -4mCos[ons[t]] Sin[es[t]] Sin[¢[t]]?) v [t]),

[ AN

— 12 (-2mCos[ons[t]] + (5m+4M) Cos[os[t]]) (Sin[es[t]] ¢’'[t] +Cos[6s[t]] Cos[o[t]] v [t]),

NN

— I?mSin[ons[t] -o6s[t]] (ons'[t] +Sin[¢[t]] v [t]),

J)

SN

m Potential Torques Vector

gl = D[PE, w[t]]; g2 = D[PE, ¢[t]]; g3 = D[PE, ens[t]]; g4 = D[PE, es[t]];
gVect = {{91}, {92}, {93}, {g4}} // FullSimplify
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1
{{0}, {Egl (mCos[ens[t]] - (3m+2M) Cos[es[t]]) Sin[mt}]},

1 1
{EglmCOSw[t]] Sin[ens[tﬂ}, {7Egl (3m+2M) Cos[¢[t]] Sin[es[t]}}}

= Equations of Motion

B4x4
B2x2

{{1, o, o, 0}, {0, 1, O, O}, {0, 0, -1, 0}, {0, 0, 1, 1}};
{{_11 O}’ {1, 1}};

Mmatrix.D[qdot, t] + Cmatrix.qdot + gVect == B4x4.{{ul}, {u2}, {u3}, {ud}}

m Impact Guard
The guard is the zero-level set of the height function:
height == 0

1 (Cos[w[t]] (-Sin[ens[t]] +Sin[es[t]]) Tan[gamma] -
(Cos[ons[t]] -Cos[os[t]]) (Cos[¢[t]] +Sin[¢[t]] Sin[w[t]] Tan[gamma])) =0

and the negative region of the holonomic constraint's trajectory:

holonomicTraj < O

1 (-Cos[ens[t]] Cos[w[t]] Tan[gamma] + Sin[ens[t]] (Cos[¢[t]] +Sin[¢[t]] Sin[w[t]] Tan[gamma]))
ens’ [t] +

1 (Cos[es[t]] Cos[w([t]] Tan[gamma] - Sin[os[t]] (Cos[¢[t]] +Sin[¢[t]] Sin[w[t]] Tan[gamma]))
os’ [t] + 1 (Cos[ons[t]] -Cos[os[t]]) (Sin[¢[t]] -Cos[p[t]] Sin[w[t]] Tan[gamma]) ¢’ [t] +
1 ((-Cos[ons[t]] +Cos[os[t]]) Cos[w[t]] Sin[¢[t]] + (Sin[ens[t]] -Sin[es[t]]) Sin[w[t]])

Tan[gamma] v’ [t] <O

Reduction-Based Control

m Passivity-Based control law

vthetatilde

1
-E2Dref + s I (4g (-mCos[Beta-ons[t]] + (3m+2M) Cos[Beta-os[t]]) +

}s

1
{7p (ens’[t] +6s’[t]) (7E2Dref+ 5 | (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

J)

Hp ens’ [t]

I (mens'[t]* - 4mCos[ons(t] -os[t]] ons'[t] 6s'[t] + (5m+4M) os'[t]?))

I (mens'[t]% -4mCos[ons[t] -os[t]] ons'[t] 6s'[t] + (5m+4M) os'[t]%))
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vtheta = FullSimplify[Inverse[B2x2]].
(Take[gVect, -2] - (Take[gVect, -2] /. { ens[t] » ens[t] - Beta, 6s[t] -> 6s[t] - Beta}) /-
{w[t] - 0, ¢[t] » 0}) + vthetatilde // Simplify
1 ) 1 )
Hfa gImSin[Beta-ons[t]] - > glImSin[ons(t]] +

pens’ [t]

1
-E2Dref + § 1 (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

Imons [t} -41mCos[ens[t] -os[t]] ens [t] 6s' [t] + 1 (5m+4M) es'[t}z)]},

z

gImSin[Beta-ons[t]] +gImSinféens[t]] -gl (3m+2M) Sin[Beta-6s[t]] -

gl (3m+2M) Sin[es[t]] -
1
2p (6ens’[t] +os’[t]) |-E2Dref + s | (4g (-mCos[Beta-o6ns[t]] + (3m+2M) Cos[Beta-o6s[t]]) +

i

Imons' [t]” -4 ImCos[ens[t] - os[t]] ons’[t] 6s'[t] + | (5m+4M) os'[t]?)

m Zero Dynamics control law

v12

([[

rlLC t112 (-212 (13m+6M
s p (-Cos[o[t]]” (- (13m+6M) +

12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[oes[t]]) +
1 (ImCos[2eéns[t]] +1 (5m+4M) Cos[ZQS[t]]+8ImSin[ens[tHSin[es[tﬂ))+
1
R
16
(—Cosm[tﬂz (1? (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) + 1 (-2 mSin[2ens[t]] +

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t]]?)

8 ImCos[ens[t]] Sin[es[t]])) +16 1?mSin[ons[t] -6s[t]] Sin[¢[t] 12) ens’[t] +
e (—Cos[d;[t]}z (17 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +

1 (8ImCos[es[t]] Sin[ons[t]] -21 (5m+4M) Sin[ZQS[t]])) -
16 12 mSin[eons[t] - 6s[t]] Sin[¢[t]]?) os'[t] +

16 (16I2 (3m+2M-2mCosfons[t] -os[t]]) Cos[o[t]] Sin[o[t]] +

2Cos[¢[t]] (-212 (13m+6M) + 1” (14m+4M+mCos[2ons[t]] +
(5m+4M)Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) ¢ [t]
-r (-s+wlt]) + Z 1°m (-1+2Cos[éens[t] -6s[t]]) Sin[¢[t]] ons’ [t] -
1
Z 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]] 65 [t] +
5 12Cos[¢[t]] (mSin[2eéns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) ¢ [t] -

1 ) )
E(—COS[(ﬁ[t]J (-212 (13m+6M) +

12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
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I (ImCos[2ens[t]] +1 (5m+4M) Cos[ZQS[t]]+8ImSin[ens[tHSin[es[tﬂ))+
812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[qb[t]]z) w’[t]]]/

(~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]})) +

812 (3m+2M-2mCos[ons|[t] - 6s[t]]) Sin[mt]]z)},

4096

{

1
EC (-Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1
(ImCos[2eéens[t]] +1 (5m+4M) Cos[26s([t]] +8ImSin[éens[t]] Sin[es[t}})) +

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[d;[t]]z)z (-d+¢[t])

1
-C+ 3—2 1 (32ImCos[6s[t]] Sin[éns[t]] -8ImSin[26ns[t]]) éns’ [t] +

1
s 12 (8mCos[ons[t]] Sin[oes[t]] -2 (5m+4M) Sin[26s[t]]) 6s'[t] ]| -

Kp (417 (13m+6M) + 1 (=41 (7m+2M) +4ImCos[2ens[t]] +
131072

41 (-8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[Zes[t]J)))z
(—Cos[cb[t]]z (-21%7 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +

I (ImCos[2éns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[mt]}z)zqy[t] +

1
= (412 (13m+6M) + 1 (-4 1 (7m+2M) +4ImCos[26ns[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[Zes[t]])))
1
[—g (-Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +
812 3m+2M-2mCos[ons[t] -os[t]]) Sin[@[t}}z)

1
(75 12LpCos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +os[t]]) +

1
[74— 1°m (-1+2Cos[ens[t] -os[t]]) Cos[o[t]] +

1
§ 12 (2mCos[26ns[t]] -4mCos[ons[t] +o6s[t]]) Cos[¢[t]] | ons'[E] +
1 1
[Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] + g 12
(2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]] es'[t})

1
(r (-s+w[t]) - " 1°m (-1+2Cos[ons[t] -o6s[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - g 12Cos[¢[t]]
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(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]]) ¢ [t] ]| +

1
s (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[o[t]] (2012 (13m+6M) + 1 (14m+4M+mCos[2ons[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
I (5m+4M)Cos[2es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[é[t]])

1 1
r(-s+wlt]) - " 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’'[t] + " 12
1
(5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 65 [t] - s 12Cos[¢[t]]
(mSin[{2éns[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]]) ¢’ [t]]| -

76 (-Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[@[t}}z)z 2vp3D+2cKp (-d+o[t]) +
1
2co’ [t] - E 1 (321 mCos[es[t]] Sin[ens[t]] -8ImSin[26ns[t]]) ens’'[t] ¢’ [t] -
1
2 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) 6s’'[t] ¢’'[t] -
1
— 1?LpCos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[206s[t]] -4mSin[ons[t] +os[t]])
1
W [t] - > 12m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] ons’'[t] v’ [E] +
12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[o[t]] ons' [t] w [t] +

12 (5m+4M-2mCos[ons[t] -o6s[t]]) Cos[p[t]] 65 [t] w [t] +

[P NP AP

12 (2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +es[t]]) Cos[¢[t]] es' [t] v [t] +

(1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[¢[t]] +2Cos[¢[t]]

&l *

(-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[2es[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +

/

((4I2 (13m+6M) + 1 (=401 (7m+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]
Cos[es[t]] + (5m+4M) Cos[2es[t]])))
(—COS[¢[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[eons[t]] Sin[es[t}})) +

81 mSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) W [t]?

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qﬁ[t}}z)z)}}
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Total Reduction-Based Control Law

Min[Max[First[utotal[[1]]], -satl], satl]
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Min|satl, Max[—satl, (16r

1
r (-s+wlt]) - Z 1°m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ons’[t] +

1
Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] -

1
g 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]]) a&’[t]])/

(~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2ens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]})) +
812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[gb[t}]z) -

1
[16 [—r— ELp (—Cos[d)[t]]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +

(5m+4M)Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]})) +
1
.
16
(—Cosm[tﬂz (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sinfes[t]]) + 1 (-2 mSin[2ens[t]] +
8 ImCos[ens[t]] Sin[es[t]])) +16 1?mSin[ons[t] -6s[t]] Sin[¢[t] 12) ens’[t] +

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t]]?)

e (—Cos[d;[t]}z (17 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZQS[t]])) -

16 12 mSin[eons[t] - 6s[t]] Sin[¢[t]]?) os'[t] +

16 (16I2 (3m+2M-2mCosfons[t] -os[t]]) Cos[o[t]] Sin[o[t]] +

2Cos[¢[t]] (-212 (13m+6M) + 1? (14m+4M+mCos[2ons[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]]Sin[es[t]])) Sin[¢[t]]) ¢ [t]
-r (-s+wl[t]) + Z 1°m (-1+2Cos[éens[t] -6s[t]]) Sin[¢[t]] ons’' [t] -
Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] +
5 12Cos[¢[t]] (mSin[2eéns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) ¢ [t] -

1 ) )
E(—COS[(ﬁ[t]J (-212 (13m+6M) +

12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +8mSin[ons[t]]

Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[6s[t]

1)) +
812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[d;[t]]z) w'[t]]]/

(~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26nsS[t]] +
(5m+4M) Cos[26s[t]] +8mSin[éens[t]] Sin[es[t]]) +
I (ImCos[2eéns(t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t}}2)H

Min[Max[First[utotal [[2]]], -sat2], sat2]
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1
Min{satZ, Max[—satZ, _Egl (-mCos[ens[t]] + (3m+2M) Cos[es[t]]) Sin[s[t]] -

1
= (1617 (3m+2M-2mCos[ens(t] -os[t]]) Cos[s[t]] Sin[o[t]] +2Cos[¢[t]] (-21% (13m+6M) +

12 (14m+4M+mCos[26ons[t]] + (5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[2ons(t]] + 1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

1
w’[t]2+ens’[t1 [5 1 (321 mCos[es[t]] Sin[ens[t]] -8ImSin[26ns[t]]) ¢’ [t] +
1
(Z 12m (-1+2Cos[ons(t] -o6s(t]]) Cos[o[t]] -

12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[o[t]]

w’[t]] +

®| K

os’'[t] 12 (8mCos[ens[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢ [t] +

®| P

1
(—Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[¢[t]] -

1
— 12 (2 (5m+4M) Cos[206s[t]] -4mCos[ens[t] +6s[t]]) Cos[o[t]]

w [t]
8

+

[524288003[¢[t}} (mSin[2ens[t]] + (Gm+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]])

1
[m 1°m (-3m-4M+2mCos[2 (ens[t] -os[t])]) (41° (13m+6M) + 1 (-4 1 (7Tm+2M) +41m
Cos[2ens[t]] +41 (-8mCos[éns[t]] Cos[es[t]] + (Bm+4M) Cos[Zes[tH)))

1]
Cos[¢[t]]%2 (mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]])% -

1
256 (412 (13m+6M) +1 (<41 (Tm+2M) +41ImCos[2ens[t]] +

41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[2@s[t]})))2
1 1
(E 1“m2 (5m+4M) (-1+2Cos[ons[t] -os[t]])2Sin[¢[t]]?- " 1“m2Cos[ens|[t] -es[t]]
(-1+2Cos[ens[t] -es[t]]) (5m+4M-2mCos[ens[t] -es[t]]) Sin[¢[t]]%+

1
o 1“m (5m+4M-2mCos[ons[t] —es[t]])ZSin[qﬁ[tHz)]

1
-r (r (-s+wl[t]) - " 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’'[t] +
1 1
n 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 65 [t] - s 12Cos[¢[t]]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) ¢ [t]]| +

1
e (7Cos[¢>[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[2es[t]] +

8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +81
mSin[ens[t]] Sinfes(t]])) +81% (3m+2M-2mCos[ens[t] -es[t]]) Sin[zjo[t]]z)

2

1 1
5 I°mSin[ens[t] -e6s[t]] Sin[¢[t]] ons’ [t]° - 5 I?mSin[ens[t] -es[t]] Sin[¢[t]]

1
+ 5 12 (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

os’[t]?2

Printed by Mathematica for Students



3D-4DOF-hipless-eqns.nb | 11

1
Sin[¢[t]] ¢>’[t12+ 6 (16I2 (3m+2M-2mCos[ons[t] -os[t]]) Cos[op[t]] Sin[¢[t]] +

2Cos[¢[t]] (-2012 (13m+6M) + I1” (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +
8 ImSinfens[t]] Sinfos[t]])) Sin[¢[t]]) ¢’ [t] v [t] +

1
(16 -r - 1pr (—COS[d)[t]]z (-212 (13m+6M) + 1% (14m+4M+mCos[2ens[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos|
2ons[t]] + 1 (5m+4M) Cos[2@s[t}]+8ImSin[9ns[tHSin[es[t}}))+
1
812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t]]?) + 6 (~Cos[o[t]]?
(I2 (-2mSin[2e6ns[t]] +8mCos[ens[t]] Sin[es[t]]) +1 (-2ImSin[2e6ns[t]] +
8 ImCos[ens[t]] Sinfes[t]])) +16 1°mSin(ons[t] - os[t]] Sin[qb[tﬂz)

1
ons’ [t] + © (-Cos[[t]]? (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M)

Sin[2e6s[t]]) +1 (81 mCos[os[t]] Sin[ens[t]] -21 (5m+4M)
Sin[2es[t]])) - 16 I2mSin[ons[t] -6s[t]] Sin[¢[t] ]2) os’[t] +

1
E (16I2 (3m+2M-2mCos[ens(t] -6s[t]]) Cos[p[t]] Sin[p[t]] +

2Cos[¢[t]] (217 (183m+6M) + 12 (14m+4M+mCos[2ons[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[os[t]]) +1 (ImCos[26ns[t]] +1 (5m+

4M) Cos[2es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[s[t]]) ¢’ [t]

1
-r (-s+wl[t]) + Z 1°m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ons’'[t] -

1 1

" 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 68’ [t] + s 12Cos[o[t]]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +o6s[t]]) ¢'[t] -
1

(—COS[d)[t}]z (<212 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)

16
Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[t}})) +

|/

(—Cos[qﬁ[t]}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ons([t] -6s[t]]) Sin[¢[t]]?) +
1
os’[t] [[7 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] -
1

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[as[tu’-’) W' [t]

4

§'2 (2 (5m+4M) Cos[26s[t]] -4mCos[ens(t] +o6s[t]]) Cos[p[t]]]| ¢ [t] +

1

e (—Cos[cb[t]]z (17 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[es[t]] Sin[ens[t]]-21 (5m+4M) Sin[293[t]])) -

16 12 mSin(ens(t] -os[t]] Sin[¢[t]]?) v [t] | +
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1
ens’ [t] [[72 12m (-1+2Cos[ens[t] -es[t]]) Cos[p[t]] - 5 12

(2mCos[2ons[t]] -4mCos[éens[t] +os[t]]) Cos[o[t] ]] ¢ [t] +

I (-Cos[¢[t] 12 (17 (-2msin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
I (-2ImSin[26ns[t]] +8 I mCos[ons[t]] Sin[es[tﬂ)) +

/

16 I°mSin[ons[t] -os[t]] Sin[¢[t] ]2) w’[t}]]]
(m (-3m-4M+2mCos[2 (ens[t] -es[t])]) (412 (183m+6M) + 1 (<41 (Tm+2M) +

401mCos[26ns[t]] +41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[2es[t}})))2
(—COS[(b[t]JZ (72I2 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]] Sin[es[t}})) +
81?2 (3m+2M72mCos[ens[t}7es[tH)Sin[¢[t}]2)3),

8Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]])

1
(75 I°mCos[ons[t] - 6s[t]]
(-1+2Cos[éns[t] -6s[t]]) Sin[¢[t]] +

4 12 (5m+4M-2mCosfoens[t] -o6s[t]]) Sin[¢[t]]

1
pens’[t] [7E2Dref+ s | (4g (-mCos[Beta-o6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

I (mens'[t]% -4mCos[ens[t] - os[t]] ons'[t] 6s'[t] + (5m+4M) os'[t]?))

1
p (ens’'[t] +6s [t]) [7E2Dref+ s 1 (4g (-mCos[Beta-ons[t]] + (3m+2M) Cos[Beta-os[t]]) +

I (mons'[t]? - 4mCos[ens[t] -os[t]] ens'[t] s [t] + (5m+4M) 6s' [t]?))

1
(65536 [1024 c2 1?2 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]])

(—COS[Q)[t]]Z (-212 (13m+6M) + 1? (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ons[t] - 6s[t]]) Sin[d)[tﬂz)z (-d+¢[€])2+
To2d (412 (13m+6M) + 1 (<41 (7m+2M) +4ImCos[2ens[t]] +4 I
(-8mCosfons[t]] Cos[os[t]] + (Bm+4M) COS[Z@S[t]])))Z

1
[2 [—r (-s+w[E]) + Z 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] -
~ 1
n 12 (5m+4M-2mCos[ens[t] -os[t]]) Sin[¢[t]] 65 [t] + 5 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +os[t]]) ¢’ [t]
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1
7Er(7Cos[a§[tH2(I2 (8mCos[os[t]] Sin[ons[t]] -2 (5m+4M) Sin[20s[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]]-21 (5m+4M) Sin[29$[tﬂ)) -
16 I°mSin[ens[t] - 6s[t]] Sin[gb[t}]z) (-s+wl[t]) +
2

1
” 12m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] (-Cos[¢[t]]

(I2 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[os[t]] Sin[ons[t]] -21 (5m+4M) Sin[ZGS[t]])) -

1? Cos[o[t]]

1
16 I°mSin[ons[t] - 6s[t]] Sin[qﬁ[tﬂz) ens’ [t] + 128

(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])
(—Cosm[t}}z (17 (8mCos[es[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +
I (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZQS[t]])) -

1
16 I°mSin[ons[t] - 6s[t]] Sin[¢[t112) &[] + 3 12 (5m+
4M-2mCos[ens[t] -o6s[t]]) Sin[¢[t]]

1
s (7Cos[¢>[t}]2 (17 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

I (-2ImSin[2ons[t]] +8ImCos[ens[t]] Sin[es[t]])) +
1
16 12 mSin[ens[t] - es[t]] Sin[¢[t]]?) ens'[t] + T

(~Cos[o[t]]1? (12 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -

1
16 I°mSin[ens[t] - 6s[t]] Sin[¢[t}]2) os’ [t] + s (1612 (3m+2M-2m

Cos[ens[t] -6s[t]]) Cos[op[t]] Sin[¢[t]] +2Cos[op[t]] (72 12 (13m+
6M) + 12 (14m+4M+mCos[2ons[t]] + (5m+4M) Cos[26s[t]] +8m
Sin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +1 (5m+4M) Cos|

2es[t]] +81ImSinens[t]] Sin[es[t]])) Sin[¢[t]]) ¢'[t}]] +

1
756 (~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]]
Sinfes[t]])) +817 (3m+2M—2mCOS[9nS[t]—GS[tH)Sin[Qﬁ[t]]z)z
(Zgl (3m+2M) Sin[Beta-o6s[t]] +21°2mSin[ons[t] - 6s[t]] ens’[t}z—

1
" 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢'[t]2+

41°mSin[ons[t] -os[t]] Sin[é[t]] ons’ [t] ' [t] +
4 [% 12 (5m+4M-2mCos[ens[t] -6s[t]]) Cos[o[t]] + g 12
(2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]]| ¢'[t] w [t] -
1
5 (~Cos[¢[t]]? (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
I (8ImCos[os[t]] Sin[ons[t]] -21 (5m+4M) Sin[ZGS[t]])) -
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16 I2mSin(ens(t] -os(t]] Sin[¢[t]]%) v [t]?

+

1

n (—Cos[dz[t}]z (<217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[os[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +8172

(3m+2M-2mCos[ons[t] -o6s([t]]) Sin[as[t}]z) -12mSinfens[t] -o6s[t]]

1 1
Sin[¢[t]] éens’ [t] + _Z 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[o[t]] - §
12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +o6s[t]]) Cos[mt]]] qb’[t}]
1 _
(7r (-S+wl[t]) + Z 1°m (-1+2Cos[ons[t] -o6s[t]]) Sin[¢[t]] ons’'[t] +
1
§ 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +

1
es[t]]) ¢’ [t]| + Z 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]]

2

1 1
(5 I?mSin[ons[t] -6s[t]] Sin[¢[t]] ons’[t]° - > 1?mSin[ons[t] - 6s[t]]

1 1
Sin[o[t]] es' [t]%+ (_Z 1°m (-1+2Cos[ens[t] -o6s[t]]) Cos[o[t]] - 5 12

(2mCos[2ons[t]] -4mCos[ens[t] +6s[t]]) Cos[¢[t]] ]| ons [t] ¢ [t] +

1
§ 12 (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

1
Sin[e[t]] ¢’ [t]2 +20s [t] 5 I2mSin[ons[t] -os[t]] Sin[¢[t]] ons’[t] +

s/

((4I2 (13m+6M) +1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]
2

1
Z 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Cos[o[t]] ¢ [t]

Cos[os[t]] + (5m+4M) Cos[2es[t]])))
(—Cos[cb[t]]z (-217 (13m+6M) + 12 (14m+4M+mCos(2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[os[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[t]])) +

/

812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[cz)[t]}z)z)]

((-3m-4M+2mCos[2 (ens[t] -os[t])]) (7Cos[¢>[t}]2 (-217 (13m+6M) +
12 (14m+4M+mCos[2ons[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[os[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]] Sin[es[t}})) +
]

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[e[t]]?)) +

1
16384 [—— 1°m (-3m-4M+2mCos[2 (ons[t] -6s[t])])
2048

(412 (13m+6M) + 1 (-4 1 (7m+2M) +41ImCos[2ens[t]] +

41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) COS[Z@S[t]]))) Cos[o[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +es[t}})2+

2
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17m (-3m-4M+2mCos[2 (ons[t] -o6s[t])])

16384
(4172 (183m+6M) + 1 (-4 1 (7m+2M) +4ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[ZGS[t]])))2
(7Cos[¢[t112 (-217 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1
(ImCos[2eéens[t]] +1 (5m+4M) Cos[ZGS[t]]+8ImSin[ens[tHSin[es[tﬂ))+

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[qb[t]}z)

1
26 C (~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26nS[t]] +

4096

(5m+4M) Cos[2es[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I 5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[gb[tﬂz)z (-d+o¢lt])

1
-C+ § I (321 mCos[os[t]] Sin[ens[t]] -8 ImSin[2ens[t]]) ens’ [t] +

1
§ 12 (8mCos[eons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) 6s’[t] | -

Kp (412 (13m+6M) + 1 (-4 1 (7m+2M) +4ImCos[26ns[t]] +
131072

41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[295[t}})))2
(—COS[Q)[t]]Z (-212(13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ens[t] - 6s[t]]) Sin[d)[tﬂz)qu’[t] +
1
= (4I2 (I3m+6M) +1 (=41 (7Tm+2M) +41ImCos[26ens[t]] +41

(-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s(t]])))

1
8 (—COS[Qﬁ[t}]Z (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)

Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[t}})) +

1
812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qﬁ[t}}z) 5 12 LpCos|[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) +

1
(_Z 1°m (-1+2Cos[ens[t] -o6s[t]]) Cos[o[t]] +
1
g 12 (2mCos[26ns[t]] -4mCos[ons[t] +o6s[t]]) Cos[4[t] ]]

1
ens’ [t] + Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] +

1
g 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +6s[t]]) Cos[o[t]]

es’[t]]

1
[r (-s+wl[t]) - 2 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] +
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1 1
Z 12 (5m+4M-2mCos[ens[t] -es[t]]) Sin[¢[t]] o5’ [t] - § 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) ¢’ [t]| +

1
o (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[¢[t]] (-217 (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]

]+
1 (5m+4M) Cos[26es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

1
r (-s+wlt]) - Z 12m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ens’'[t] +
1 i 1
n 12 (5m+4M-2mCos[oens[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - s 12Cos[¢[t]]

(mSin[{2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢’ [t]| -

1

256 (—Cos[mt]]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)

Cos[2e6s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] + 1
(5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +81%2 (3m+2M-

2mCos[ons[t] -os[t]]) Sin[<z>[t]}2)2 2cKp (-d+o[t]) +2Cc o’ [t] -

1

1
— 1 (32 ImCos[es[t]] Sin[ens[t]] -8ImSin[26ns[t]]) ens’[t] ¢ [t] - 1

1
12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) 6s'[t] ¢’'[t] - " 1°Lp
Cos[o[t]] (mSin[2é6ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]])

1
w[t] - E 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] ons’ [t] w’ [t] +
12 (2mCos[26ns[t]] -4mCos[ens[t] +o6s[t]]) Cos[s[t]] ons’ [t] w’ [E] +

12 (5m+4M-2mCos[ens[t] -os[t]]) Cos[¢[t]] 65 [t] w [t] +

| P NP AP

12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]] 6S'[t] w’ [t] +

(16I2 (3m+2M-2mCosfons[t] -os[t]]) Cos[o[t]] Sin[o[t]] +2Cos[op[t]]

&~ *

(<217 (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[2os[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M)

Cos[2es([t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) w'[t}z]

(<4I2 (I3m+6M) +1 (=401 (7Tm+2M) +41ImCos[2ons[t]] +41 (-8mCos[ons[t]]

Cos[os[t]] + (5m+4M) Cos[26s[t]])))
<7COS[<1>[tH2 (-212 (13m+6M) + 1% (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[@[t]f)z) _
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1
(4096 [73—2 (4I2 (I3m+6M) +1 (-401 (7Tm+2M) +4ImCos[2ons[t]] +
41 (-8mCosfens[t]] Cos[es[t]] + (5m+4M) Cos[293[tﬂ)))

1
r (-s+wl(t]) - " 1?m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 68’ [t] - s 12Cos[¢[t]]
(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s([t]]) ¢ [t]
1
[7Z 12Cos[¢[t]] (mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]])

1
[E (7Cos[¢[t]]2 (1?7 (-2msin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[26ns[t]] +8 1 mCos[ons[t]] Sin[es[t]})) +

1
16 I°mSin[ons[t] - 6s[t]] Sin[@[tﬂz) ens’' [t] + 6
(-Cos o[t]]? (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[26es[t]]) +

[
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZQS[tH)) -

16 I?mSin[ons[t] - 6s[t]] Sin[cz)[t}]z) os’ [t] | +

1
E (16I2 (3m+2M-2mCos[ens[t] -os[t]]) Cos[p[t]] SIin[¢[t]] +

2Cos[¢[t]] (-21% (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]]
I (5m+4M) Cos[2es[t]] +81ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

+

1
-r (-s+uwlt]) + n 1°m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]] ons’'[t] -
1 1
n 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - s 1°Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) @’[t]]] +

1
g (4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41

(-8mCos[ens[t]] Cos[os[t]] + (5m+4M) Cos[2es[t]])))
(~Cos[@[t]]? (-21% (13m+6M) + 12 (14m+4M+mCos[26nsS[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t]]?)

1 1
[[[Z 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - g 12

(2mCos[2ens[t]] -4mCos[ens[t] +es[t]]) Cos[ab[t]}]

1
ens’ [t] + _Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] -

1
g 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

es’[t]]
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1
r(-s+wlt]) - " 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ons'[t] +

1 1
Z 12 (5m+4M-2mCos[éens(t] -o6s[t]]) Sin[¢[t]] 6s [t]]| - g |2COS[¢[tH
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

2

1 1
[5 ImSin[ens[t] -o6s[t]] Sin[¢[t]] ons’ [t]° - 5 ImSin[ens[t] - 6s[t]]

1
Sin[e[t]] es'[t]? - " 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

1
ens’ [t] ¢’ [t] - Z 12 (2 (5m+4M) Cos[20s[t]] -4mCos[ons[t] +os[t]])

1
Cos[p[t]] es [t] ¢ [t] + § 12 mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -
1 2
256 (-Cos[¢[t]]" (-21% (13m+6M) + 1> (14m+4M+mCos[2ens[t]] +

AmSin[ens[t] +6s[t]]) Sin[¢[t]] ¢’ [t]® + rw [t]

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]

)y +1 (ImCos[26ens[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])

) +
812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[qb[t]}z)z [72c2 (-d+p[t]) +
1
= (412 (13m+6M) +1 (<41 (7Tm+2M) +41ImCos[2ens[t]] +
41 (-8mCos[ens(t]] Cos[os[t]] + (5m+4M) Cos[26s[t]])))
1
(_E (16I2 (3m+2M-2mCos[ons[t] -6s[t]]) Cos[p[t]] Sin[¢p[t]] +2Cos[p[t]]
(<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +

8mSin[ens(t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M)
2

Cos[26s([t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) v [€]" +
1
26ns’ [t] [3—2 I (321 mCos[6s[t]] Sin[éns[t]] -8ImSin[2éns[t]])

1
¢ [t] + (Z 1°m (-1+2Cos[ens[t] -6s[t]]) Cos[p[t]] -

1
s 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

w’[t}] +
1
20s [t] [§ 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢ [t] +
1 1
[72 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] - s 12 (2 (5m+4M)

I/

Cos[26s[t]] -4mCos[ens[t] +o6s[t]]) Cos[p[t]]

w’[t]]

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]
Cos[6s[t]] + (5m+4M) Cos[26s[t]])))
(—Cos[cb[t]}z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[oens[t]] Sin[os[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[t]])) +
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8F(3m+2M2m&5KmsHjeﬂtﬂ)Sh@NtHﬂzw]/

“Zm(—Bm—4M+2mCosQ(ensu}—esu]u)(4I2u3m+6M)+
1 (-41 (7Tm+2M) +40ImCos[26ns[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[Zes[t}])))
(~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +

2

I (ImCos(2ons[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t}})) +
812 (3m+2M-2mCos[ens[t] -o6s[t]])
sino[t])?)) -

8Cos[p[t]] (mSin[2ens[t]] + (Bm+4M) Sin[26s[t]] -

4
m
Sin|
ons(t] +os[t]])

(7% 1°’m (5m+4M) (-1+2Cos[ens[t] -os[t]])
Sin|
PLE]] +
%Iszos[ens[t} -o6s(t]] (5Gm+4M-2mCos[ons([t] -6s[t]])
Sin|

<Z>[t}]]

1
-pens’'[t] |-E2Dref + s 1 (4g (-mCos[Beta-ons[t]] + (3m+2M) Cos[Beta-os[t]]) +

I (mons'[t]? - 4mCos[ens[t] -os[t]] ens'[t] 6s'[t] + (5m+4M) 6s'[t]?)) | -

c?1 (321 mCos[es[t]] Sin[ens[t]] -8 ImSin[26ns[t]])

1
(65 536 [
4096

(—COS[(D[t]]Z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ons[t] - os[t]]) Sin[d)[tﬂz)z (-d+¢[€])2+

1
—— (4172 (13m+6M) + 1 (=41 (7m+2M) +41mCos[2ens[t]] +41
1024

(-8mCosfons[t]] Cos[os[t]] + (Bm+4M) Cos[295[t}j)))2

1
[72 (r (-s+wl[t]) - n 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] +
1 1
n 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 65 [t] - s 12Cos[¢[t]]
(mSin[2ons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]]) ¢ [t]

1
[E (—COS[(b[t]JZ (17 (-2msin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[26ns[t]] +8 1 mCos[ons[t]] Sin[es[t}})) +
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16 12 mSin[ens[t] -6s[t]] Sin[¢[t]]?) |-r (-s+w(t]) -

1 1
Z 12 (5m+4M-2mCos[éons[t] -es[t]]) Sin[¢[t]] 65" [t] + g Izcos[cb[t]]
(mSin[2eéens[t]] + (5Gm+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]])

1
o [t]| - Z 1°m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]]

1
(E (—Cos[cb[t]]z (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +

I (-2ImSin[2e6ns(t]] +8 I mCos[ons[t]] Sin

'

s[t]])) +

16 I2mSin(ens[t] -os(t]] Sin[¢[t]]%) ens'[t] +

(oo

(—COS[¢[tH2 (17 (8mCos[es[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -

1
16 I2mSin[ens[t] -6s[t]] Sin[¢[t}]2) s’ [t] + s (1612 (3m+2M-2m

Cos[ens[t] -os[t]]) Cos[¢[t]] Sin[¢[t]] +2Cos[p[t]] (-2 1% (13m+
6M) + 12 (14m+4M+mCos[26ons[t]] + (5m+4M) Cos[26s[t]] +8m
Sin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +1 (bm+4M) Cos|

2es[t]] +81ImSinens[t]] Sin[es[t]])) Sin[¢[t]]) ¢'[t}]] +

(~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +

ENJIFS

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]]
Sinfes[t]])) +81% (3m+2M-2mCos[ens[t] -os[t]])

Sin[¢[t]]?)

(—IZmSin[ens[t} -oes[t]] Sin[¢[t]] 68 [t] +

1 1
[72 1°m (-1+2Cos[ens[t] -o6s[t]]) Cos[o[t]] + s 12 (2mCos[26ns[t]] -

1
4mCos[ons(t] +os[t]]) COS[Q)[t]]] ¢’ [t] r(-s+wl(t]) + Z 12

1
(5m+4M-2mCos[ens[t] -6s[t]]) Sin[¢[t]] 65 [t] - 5 12 Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t] ]| -

1
—1?2m (-1+2Cos[ens[t] -es[t]]) Sin[¢[t]]

1
— 1ZmSin[ons[t] -6s[t]]
4 2

1
Sin[o[t]] ens' [t]? - 5 I2mSin[ens([t] -6s[t]] Sin[¢[t]] 65 [t]? -

1
E 1°m (-1+2Cos[ens[t] -os[t]]) Cos[o[t]] ons’'[t] ¢ [E] +

1
s 12 (mSin[2ons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) Sin]

1
o[t]] ¢’[t}2+es’[t] -1?mSin[ens[t] -es[t]] Sin[¢[t]] ons’ [t] + Z 12

1
(5m+4M-2mCos[ens[t] -os[t]]) Cos[op[t]] - g 12 (2 (5m+4M) Cos|

Printed by Mathematica for Students



3D-4DOF-hipless-eqns.nb | 21

20s[t]] -4mCos[ens[t] +es[t]]) COS[CD[t]]] ¢ [t]

+I"w’[t}]] +

1
o6 (~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+4M+mCos[20ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns]
t]]+1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t}})) +

-21°m

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[d;[t]]z)z

Sinfons[t] -6s[t]] es’[t]2 -4 12mSin[ons[t] -os[t]] Sin[¢[t]] 68 [t] v [t] -

1
2 gImSin[Beta-ons[t]] + 3—2I (32ImCos[es[t]] Sin[éens[t]] -81Im

2

1
Sin[2ens[t]]) ¢'[t]°+2 n 12m (-1+2Cos[ons[t] -es[t]]) Cos[¢[t]] -

1
. 12 (2mCos[26ns[t]] -4mCos[ens[t] +os[t]]) Cos[¢[t]]| ¢’ [t] w [t] +

1
e (—Cos[qb[tﬂz (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[26ns[t]] +8ImCos[éens[t]] Si

16 I?mSin[ons[t] -os[t]] Sin[¢[t] }2) w’[t}z]

((4|2 (13m+6M) +1 (<41 (7Tm+2M) +41mCos[26ens([t]] +41 (-8mCos[ens[t]]

Cos(es[t]] + (5m+4M) Cos[26s[t]])))>
(—Cos[qﬁ[t]}z (-212 (13m+6M) + 1% (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) +

/

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[¢[t}}2)2)]

(m(-3m-4M+2mCos[2 (ens[t] -es[t])]) (—COS[Qﬁ[tHZ (-21%2 (13m+6M) +
12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +

812 (3m+2M-2mCos[ons[t] -6s[t]])
sin(o[t]1%))]]

Min[Max[First[utotal[[3]]], -sat3], sat3]

1
Min|sat3, Max[fsat3, 5 (79 ImCos[¢[t]] Sinf[ens[t]] + I2mSin[ons[t] -6s[t]] es'[t}Z +

1
5 1 (32ImCos[es[t]] Sin[éens[t]] -8 I mSin[26ns[t]]) <z>’[t}2+2 I?mSin[éns[t] - 6s[t]]
1

Sin[¢[t]] o6s' [t] w' [t] +2 (Z 1°m (-1+2Cos[ons[t] -os[t]]) Cos[o[t]] -

1

g 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]]| ¢'[t] w [t] +
1
e (-Cos[o[t] 12 (12 (-2mSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) + I (-2ImSin[2ens[t]] +

8 ImCos[ens[t]] Sin[es[t]])) + 16 1°mSin(ons[t] - 6s[t]] Sin[qb[t]}z) w2 -
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1
[262144 [7@ 18m? (-1+2Cos[ons[t] -6s[t]]) (-3m-4M+2mCos[2 (6ns[t] -o6s[t])])

(412 (13m+6M) + 1 (-4 1 (7m+2M) +41ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) COS[Z@S[t]]))) Cos[o[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +es[tﬂ)28in[q§[t]] +

2

1
—— 1°m (-1+2Cos[ens[t] -os[t]]) (417 (13m+6M) + 1 (-4 1 (7m+2M) +

1024
401mCos[26ns([t]] +41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) COS[Z@S[t]])))Z
- 1 2 ox 2 1
Sin[¢[t]] EI“m2 (5m+4M) (-1+2Cos[ens[t] -os[t]])°Sin[¢[t]] 7Zfl4
m? Cos[ons[t] -o6s[t]] (-1+2Cos[ens[t] —os[t]]) (5m+4M-2mCos[ens[t] -o6s[t]])

Sin 2, 1 qa 2si 2
[o[t]] +EI mbm+4M-2mCos(éens(t] -6s[t]])°Sin[¢p[t]]

|

1
2, > ImSin[ons[t] -o6s[t]] Sin[¢[t]] 6s' [t]° +

1
(75 ImSin[ons[t] -o6s[t]] Sin[¢[t]] ons’ [t]

1
(16r r(-s+w(t]) - 7 1°m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]] ons'[t] +

[ AN

1
— 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - g 12Cos[¢[t]]

N

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢>’[t]])/

(—Cos[cb[t]]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[2es[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[2éns[t]] +1 (5m+4M) Cos[26s[t]] +81Im
Sin[ens[t]] Sin[es[tﬂ)) +812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qﬁ[t]}z) -
1

¢’ [t] g 12 (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

1
Sin[¢[t]] ¢’ [E] + 6 (16I2 (3m+2M-2mCos[ons[t] -os[t]]) Cos[o[t]] Sin[o[t]] +

2Cos[¢[t]] (-212 (13m+6M) + 1 (14m+4M+mCos[2ons[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +

1 (5m+4M) Cos[2os[t]] +8ImSin[ons[t]] Sin[es[t]])) Sin[¢[t]]) v [t] | -

1
(16 -r - ELp (—Cos[mt]]z (-217 (183m+6M) + 12 (14m+4M+mCos[2ons[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

1
812 (3m+2M-2mCos[ens(t] -6s[t]]) Sin[¢[t]]?) + o (~Cos[o[t]]?

(1? (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) + I (-2 mSin[2ens[t]] +
8 ImCos[ens[t]] Sin[es[t]])) + 16 12mSin[ens[t] - os[t]] Sin[¢[t]]?)
1
ens’ [t] + e (-Cos[¢[t] 12 (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -
16 I°mSinfens[t] - 6s[t]] Sin[¢[t] }2) os’[t] +

1
T (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[e[t]] +

2Cos[o[t]] (-212 (13m+6M) + 12 (14m+4M+mCos[2ens(t]] +
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(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +

I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) ¢ [t]
1
-r (-s+w(t]) + n I°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ens’[t] -

1 1

2 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65’ [t] + 5 12 Cos[o[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢’ [t] -
1

& (-Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[20ons[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]})) +

812 (3m+2M-2mCosfens[t] -o6s[t]]) Sin[q&[tﬂz) w’[t}))/

(7Cos[¢>[t}]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ons[t] -o6s[t]]) Sin[qb[t]]z) -

1
o6s’ [t] [Z 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[¢[t]] -

—

12 (2 (5m+4M) Cos[20s[t]] -4mCos[ons[t] +os[t]]) Cos[o[t]]| ¢ [t] +

®| P

1
T (~Cos[¢[t]]? (1% (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (8ImCos[os[t]] Sin[ens[t]] -21 (5m+4M) Sin[26s[t]])) -

16 12 mSin[ens[t] - 6s[t]] Sin[¢[t]]?) w’[t]] -
1 1
ens’ [t] [[74— 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - s 12 (2mCos[26ns[t]] -
4mCos[éons(t] +es(t]]) Cos[cp[t]]] o' [t] +

1
e (—Cos[cb[t]]z (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[2eéens[t]] +8ImCos[éens[t]] Sin[es[tﬂ)) +
16 I2mSin[ons[t] - 6s[t]] Sin[cb[tﬂz) w’[t]])]/

(|2m (-3m-4M+2mCos[2 (ens[t] -os[t])]) (412 (13m+6M) + 1 (<41 (Tm+2M) +

41mCos[26ns[t]] +41 (-8mCos[ens[t]] Cos[es[t]] + (Em+4M) Cos[295[tm>)2

(—COS[Q)[t]]Z (-212 (13m+6M) + 1% (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[tﬂ)) +

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[<z>[t}]2)2) +
1
16m (-1 +2Cos[ens[t] -6s[t]]) Sin[¢[t]] (75 I°mCos[ons[t] - 6s[t]]
(-1+2Cos[ens[t] -es[t]]) Sin[¢[t]] +

1
" 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sinwm}]
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1
pens’[t] [7E2Dref+ § | (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

I (mons'[t]® - 4mCos[ens[t] - os[t]] ens'[t] s [t] + (5m+4M) s’ [t]?))

1
p (ens’'[t] +6s'[t]) [—EZDref+ g | (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

I (mens'[t]% -4mCos[ens[t] - os[t]] ons'[t] 6s'[t] + (5m+4M) os'[t]?))

1
(65536 ( 2 c? 1?2 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]])

(—COS[(b[t]]z (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns(t]] +
I (5m+4M) Cos[2os[t]] +8ImSin[ons[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[d>[t}}2)2 (-d+o[t])2+

1
—_— (4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41
1024

[2

(-8mCos[ens[t]] Cos[oes[t]] + (Bm+4M) COS[Z@S[tH)))Z

1
-r (-s+w[t]) + 4 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’'[t] -
1 1
n 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]] 65 [t] + g 12 Cos[o[t] ]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t]

1
(7Er (7Cos[¢[t112 (17 (8mCos[es[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +

1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[295[tﬂ)) -
16 I°mSin[ens[t] - 6s[t]] Sin[gb[t}]z) (-s+wl[t]) +

1
” 12m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] (-Cos[¢[t]]?

(I2 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[os[t]] Sin[ons[t]] -21 (5m+4M) Sin[295[t}j)) -

16 I°mSin[ons[t] - 6s[t]] Sin[qﬁ[tﬂz) ens’ [t] +

! 1? Cos[¢[t]]
8
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])
(7Cos[¢>[t}}2(lz (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]]-21 (5m+4M) Sin[29$[tﬂ)) -
16 I°mSin[ons[t] - 6s[t]] Sin[¢[t112) &[] + % 12 (5m+

4M-2mCos[ens[t] -6s[t]]) Sin[¢[t]]
1
s (—Cos[cb[t]]z (17 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

I (-21mSin[2ons[t]] +8ImCos[ens[t]] Sin[es[t]])) +
1
16 I2mSin(ens[t] -os(t]] Sin[¢[t]]%) ens'[t] + s

(—COS[¢[tH2 (12 (8mCos[es[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -
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1
16 I°mSin[ons[t] - 6s[t]] Sin[¢[t112) os’[t] + s (1612 (3m+2M-2m

Cos[ens[t] -6s[t]]) Cos[¢p[t]] Sin[¢[t]] +2Cos[op[t]] (—2 12 (13m+
6M) + 12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8m
Sin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +1 (5m+4M) Cos|

2os[t]] +81ImSinfons(t]] Sin[es[t]])) Sin[¢[t]]) qs’[t]]] +

1
v (-Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]]
Sinfes[t]])) +817 (3m+2M—2mCOS[9nS[t]—GS[tH)Sin[Qﬁ[t]]z)z
(Zgl (3m+2M) Sin[Beta-o6s[t]] +2 1°mSin[ens[t] - 6s[t] ] ens’[t}zf

1
" 12 (8mCos[ens[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢’[t]2+

412mSin[ons[t] -os[t]] Sin[¢[t]] ons’'[t] v’ [t] +
1

1
4 [Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] + A 12

(2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[p[t]]]| ¢ [t] v [E] -

(—Cos[d;[t]}z (17 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +

®| R

I (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[Zes[t]})) -

16 I°mSin[ens[t] - 6s[t]] Sin[gb[t}]z) w’[t}z

+

1

n (—COS[d)[t}]z (<212 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s([t]] +8ImSin[ens[t]] Sin[es[t}])) +812

(3m+2M-2mCos[ens[t] -6s[t]]) Sin[mt}]z) -1°mSin[ens[t] -os[t]]

1 1
Sin[¢[t]] ens’' [t] + “ 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[¢[t]] - s

12 (2 (5m+4M) Cos[20s[t]] -4mCos[ons[t] +6s[t]]) Cos[qb[t]]] ¢’ [t]

1
(7r (-s+w[t]) + n 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’[t] +

1
g 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +

1
es[t]]) ¢’ [t]| + Z 12 (5Gm+4M-2mCos[ens[t] -es[t]]) Sin[¢[t]]

2

1 1
(5 ImSin[ons[t] -o6s[t]] Sin[¢[t]] ons’ [t]° - > ImSin[ons[t] - 6s[t]]

1 1
Sin[e[t]] 65 [t]% + (72 I°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - 5 12

(2mCos[26ns(t]] -4mCos[ens[t] +6s[t]]) Cos[p[t]]]| 6ns [t] ¢ [E] +
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1
s 12 (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])

1
Sin[¢[t]] ¢’[t}2+295’[t} > I?mSin[ens[t] -6s[t]] Sin[¢[t]] ons’ [t] +

]}/

((4I2 (I3m+6M) +1 (=401 (7Tm+2M) +41ImCos[2ons[t]] +41 (-8mCos[ons[t]]
2

1
Z 12 (5m+4M-2mCos[ens[t] -oes[t]]) Cos[o[t]] ¢’ [t]

Cos[os[t]] + (5m+4M) Cos[26s[t]])))
(7COS[<1>[tH2 (-212 (13m+6M) + 1% (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26éns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

/

((-3m-4M+2mCos[2 (ens[t] -os[t])]) (-Cos[o[t]]® (-212 (13m+6M) +
12 (14m+4M+mCos[2ons[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
)
]

812 (3m+2M-2mCos[ons[t] -oes[t]]) Sin[¢[t]]2)2)]

I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[tﬂ)) +
812 (3m+2M-2mCos[ens(t] -os[t]]) Sin[o[t]]?)) +

16 1*m (-1+2Cos[ons[t] -o6s[t]]) Cos|

(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -
4

Sin[ens[t] +os[t]]) Sin[¢[t]]

4096 | —— c (—Cos[qb[t]]z (-217 (183m+6M) + 12 (14m+4M+mCos[2eons[t]] +

(5m+4M) Cos[2es[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I 5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[d)[tﬂz)2 (-d+¢[€])

1
-C+ § I (321 mCos[os[t]] Sin[ens[t]] -8 ImSin[2ens[t]]) ens’ [t] +

1
5 12 (8mCos[ens[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) 6s'[t] | -

Kp (412 (13m+6M) + 1 (-4 1 (7m+2M) +4ImCos[26ns[t]] +
131072

41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[295[t}})))2
(—COS[Q)[t]]Z (-212 (13m+6M) + 1? (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +

I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ens[t] - o6s[t]]) Sin[d)[tﬂz)qu’[t] +

= (412 (13m+6M) +1 (-4 1 (7Tm+2M) +41ImCos[2ens[t]] +4 |
(-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[2es[t]])))

1
& (—COS[Qﬁ[t}]Z (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
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Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]]Sin[es[t]])) +

1
812 (3m+2M-2mCos[ens[t] - 6s[t]]) Sin[¢>[t1]2) 5 12LpCos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) +

1
(_Z 1°m (-1+2Cos[ens[t] -6s[t]]) Cos[o[t]] +
1
g 12 (2mCos[26ns[t]] -4mCos[ons[t] +o6s[t]]) Cos[4[t] ]]

1
ens’ [t] + Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] +

1
g 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

es’[t]]
1
[r (-s+wl[t]) - Z 12m (-1+2Cos[ens[t] -0s[t]]) Sin[¢[t]] ons’'[t] +
1 1
n 12 (5m+4M-2mCos[ens[t] -os[t]]) Sin[¢[t]] 65 [t] - s 12Cos[¢[t]]
(mSin[26ns[t]] + (Bm+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]]) a’[t]] +

1
o (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[¢[t]] (-217 (183m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]]
1 (5m+4M) Cos[26es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[o[t]])

+

1
r (-s+wlt]) - Z 12m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ens’'[t] +
1 1
n 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - 5 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢’ [t]| -

1

256 (—Cos[mt]]z (-217 (183m+6M) + 12 (14m+4M+mCos[2ons[t]] + (Em+4M)

Cos[2e6s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] + 1
(5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +81%2 (3m+2M-

2mCos[ons[t] -os[t]]) Sin[<z>[t]}2)2 2cKp (-d+o[t]) +2Cc o' [t] -
1 ) ) 1
T 1 (32ImCos[es[t]] Sin[ens[t]] -8ImSin[26ons[t]]) ens’[t] ¢ [t] - 1
1
12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) 6s'[t] ¢’'[t] - " 1°Lp
Cos[o[t]] (mSin[2é6ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]])

1
w [t] - E 1°m (-1+2Cos[ons[t] -os[t]]) Cos[¢[t]] ons’'[t] v [t] +
1
— 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]] ons’ [t] v [E] +

1
5 12 (5m+4M-2mCos[ens[t] -os[t]]) Cos[¢[t]] 65 [t] w [t] +
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[EY

n 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[p[t]] 65 [t] w [E] +
1
s (1612 (3m+2M-2mCos[ons[t] -os[t]]) Cos[¢[t]] Sin[¢[t]] +2Cos[o[t]]
(<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26éns[t]] +1 (5m+4M)

Cos[26s([t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) w'[t}z]

((4I2 (13m+6M) +1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]

Cos[os[t]] + (5m+4M) Cos[2es[t]])))
(—Cos[cb[t]}z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[os[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[t]])) +

812 (3m+2M72chs[enS[t]795[tu)8in[¢[t“2)2),
1
(4096 [75 (412 (13m+6M) + 1 (-4 1 (7m+2M) +41ImCos[26ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s(t]])))

1
r(-s+w(t]) - " 1°m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]] ons'[t] +

1 1
4— 12 (5m+4M-2mCos[éens([t] -6s[t]]) Sin[¢[t]] 65 [t] - g IZCOS[d)[tH
(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]]) ¢ [t]
1 _ _ _
[7Z 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])

1
(E (—COS[(D['IZ]]Z (12 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[2eéns[t]] +8ImCos[éens[t]] Sin[es[t]})) +

1
16 12 mSin[ens[t] - 6s[t]] Sin[¢[t]]?) ens'[t] + o
(~Cos[¢[t]]? (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +

[
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZQS[t]])) -

16 I2mSin(ens[t] -os[t]] Sin[¢[t]]%) 6s'[t] | +

1
— (16I2 (3m+2M-2mCos[ens(t] -os[t]]) Cos[p[t]] Sin[p[t]] +

16
2Cos[¢[t]] (-217 (183m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[oes[t]]) +1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +81ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

1
-r (-s+wl[t]) + 2 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] -
1 i 1
n 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - s 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) d>’[t]]] +
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1
256 (412 (13m+6M) + 1 (<41 (Tm+2M) +41ImCos[2ons[t]] +4 |

(-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) COS[Z@S[t]])))
(~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26nS[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[tﬂ)) +
812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[gb[t}]z)

1 1
[[[Z 1°m (-1+2Cos[ons[t] -6s[t]]) Cos[o[t]] - s 12

(2mCos[26ns[t]] -4mCos[ens[t] +os[t]]) Cos[p[t]] ]

1
ens’ [t] + 72 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[¢[t]] -

1
g 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +6s[t]]) Cos[p[t]]

es'[t}]
1 _
(r (-s+wlt]) - Z 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]] es'[t}] 5 1°Cos[¢[t]]
(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]])

1 1
(5 IZmSin[ens(t] -es[t]] Sin[¢[t]] ens [t]% - > ImSin[ons[t] -o6s[t]]
_ > 1.,
Sin[¢[t]] 6s [t]° - 4_1 I (2mCos[26ns[t]] -4mCos[ens[t] +6s[t]]) Cos[¢[t]]
1
oens’[t] ¢’ [t] - " 12 (2 (5m+4M) Cos[20s[t]] -4mCos[ons[t] +os[t]])
1

Cos[p[t]] 6s [t] ¢ [t] + g 12 (mSin[26ns[t]] + (Bm+4M) Sin[26s[t]] -

)+

(~Cos[@[t]]? (-21% (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

2

4mSin[ens[t] +6s[t]]) Sin[¢[t]] ¢’ [€]° +rw [E]

256
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]

y+ 1 (ImCos[2ens[t]] +
I (5m+4M) Cos[2es[t]] +8ImSin[ens[t]] Sin[es[t]])

1))+

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[¢[t112)2 —2c? (-d+o[t]) +

% (4172 (13m+6M) + 1 (-41 (7Tm+2M) +4ImCos[26ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[Zes[tH)))
[7% (16 12 (3m+2M-2mCos[ens[t] -os[t]]) Cos[¢[t]] Sin[¢[t]] +2Cos[¢[t]]
(—2I2 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +

8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M)

Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) Sin[qb[t}}) w’[t12+

1
2ons’[t] [5 1 (32ImCos[es[t]] Sin[ens[t]] -8ImSin[26ns[t]])
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1
¢ [t] + (Z 1°m (-1+2Cos[ens[t] -6s[t]]) Cos[p[t]] -

1
s 12 (2mCos[26ns[t]] -4mCos[ens[t] +es[t]]) Cos[¢[t]]

w’[t}] +
1
20s [t] [g 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢'[t] +
1 1
[72 12 (5m+4M-2mCos[ens[t] -os[t]]) Cos[¢[t]] - 5 12 (2 (5m+4M)

i

Cos[26s[t]] -4mCos[ens[t] +6s[t]]) Cos[p[t]]

w'[ﬂ]

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]
Cos[os[t]] + (5m+4M) Cos[26s[t]])))
(—Cos[cb[t]}z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]] Sin[es[t]])) +

((412(13m+6M) +1 (-41 (7Tm+2M) +4ImCos[26ns[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[2@s[t}})))
(~Cos[o[t]]? (-212 (13m+6M) + 12 (14m+ 4M+mCos[20ns(t]] +
(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
1 (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +
812 (3m+2M-2mCosfens[t] -o6s[t]])

812 (3m+2M-2mCos[ens[t] -es[t]]) Sin[@[t]]z)z)]

Sin[¢[t]1?%)) - |16 |12

m

(-1+2Cos[ens[t] -es[t]])
Sin|

olt]]

1
4 1m (5m+4M) (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] +

1
5 I?mCos[ons[t] - 6s[t]]

(5m+4M-2mCos(éens(t] -o6s[t]]) Sin[¢[t]]| +

1
6 1°m (-3m-4M+2mCos[2 (6ns[t] -6s[t])])

(~Cos[¢[t]1? (-212 (13m+6M) +
12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[oes[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]})) +

812 3m+2M-2mCos[éens[t] -os[t]]) Sin[cp[t]]z)

1
-pens’'[t] |-E2Dref + s 1 (4g (-mCos[Beta-ons[t]] + (3m+2M) Cos[Beta-os[t]]) +

I (mons'[t]? -4mCos[ens[t] -os[t]] ens'[t] s [t] + (5m+4M) 6s'[t]?)) | -
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c?1 (321 mCos[es[t]] Sin[ens[t]] -8 ImSin[26ns[t]])

1
65536
( (4096

(—COS[¢[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2eons[t]] + (Em+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]})) +

812 (3m+2M-2mCos[ons[t] - os[t]]) Sin[qb[t}}z)z (-d+¢[t])2+
1
To2a (412 (13m+6M) + 1 (<41 (Tm+2M) +41ImCos[2ons[t]] +4 |
(-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[ZQS[t]])))2

1
[72 (r (-s+wl[t]) - n 1m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’ [t] +
1 1
n 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - s 1°Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) ¢ [t]

1
(E (-Cos[¢[t]]? (1% (-2mSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[2e6ns[t]] +8 I mCos[ens[t]] Sin[es[t]})) +

16 I°mSin[ons[t] - 6s[t]] Sin[qﬁ[tﬂz) -r (-s+w[t]) -

1 1
n 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 65 [t] + s 12Cos[¢[t] ]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])

1
o t]| - n 12m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]]

1
(E (7Cos[¢[t}}2 (I2 (-2mSin[2eéens[t]] +8mCos[éens[t]] Sin[6s[t]]) +

1 (-2ImSin[26ns[t]] +8 1 mCos[ons[t]] Sin

‘©

s[t]])) +

16 I?mSin[ons[t] -os[t]] Sin[¢[t] }2) ens’ [t] +

(ool

(—Cos[¢[t}]2 (17 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[t]})) -

1
16 12 mSin[ens[t] - es[t]] Sin[¢[t]]?) es'[t] + s (1612 (3m+2M-2m

Cos[ens(t] -os[t]]) Cos[o[t]] Sin[¢[t]] +2Cos[p[t]] (-21% (13m+
6M) + 12 (14m+4M+mCos[26ens[t]] + (5m+4M) Cos[26s[t]] +8m
Sinfens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +1 (5m+4M) Cos[

2es[t]] +81ImSinfens(t]] Sin[es[t]])) Sin[¢[t]]) qj’[t])) +

(-Cos[@[t]]? (-21% (13m+6M) + 12 (14m+4M+mCos[26nS[t]] +

E i

(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]
Sin[es[t]])) +81% (3m+2M-2mCos[ons[t] -es[t]])

Sinfo[t]]?)

(—IZmSin[ens[t} -os[t]]Sin[¢[t]] o5 [t] +
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1 1
2 1°m (-1+2Cos[ens[t] -o6s[t]]) Cos[o[t]] + s 1 (2mCos[26ns[t]] -

1
4mCos[ons([t] +o6s([t]]) Cos[qb[t]}] ¢ [t] r(-s+wl(t]) + " 12

1
(5m+4M-2mCos[éens[t] -6s[t]]) Sin[¢[t]] 65 [t] - g 12 Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t] ]| -

1 1
—1?m(-1+2Cos[ens[t] -es[t]]) Sin[¢[t]] 5 ImSin[ens[t] -6s[t]]

4
- 2 1 2 - - 2
Sin[¢[t]] éens’ [t] 7EI mSin[éens[t] -6s[t]] Sin[¢[t]] 68 [t]° -
1
E 1°m (-1+2Cos[ens[t] -os[t]]) Cos[o[t]] ons’'[t] ¢ [E] +
gI2 (mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) Sin]
2 - _ 1
p[t]] ¢ [t]° +os' [t] |-1°mSin[ons[t] -os[t]] Sin[¢[t]] ons’ [t] + [Z 12
1
(5m+4M72mCos[ens[t}7es[tH)Cos[¢[tH7§I2 (2 (5m+4M) Cos|
293[t}]—4mC03[ens[t}+es[t]})Cos[¢[t]}]¢’[t} +row [t] +
1 2
g(—Cos[qzu[t]] (-212 (13m+6M) + 12 (14m+4M+mCos[2ons[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns]
t]]+1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qb[t]]z)z -21%m

Sin[ens[t] -6s[t]] es’[t]2 -4 12mSin[ens[t] -o6s[t]] Sin[¢[t]] 65 [t] W [t] -

1
2 gImSin[Beta-6ns[t]] + EI (32ImCos[es[t]] Sin[éens[t]] -81m

2

1
Sin[2ens[t]]) ¢’ [E]°+2 Z 1°m (-1+2Cos[ons[t] -o6s[t]]) Cos[o[t]] -

1
5 12 (2mCos[26ns[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]]]| ¢’ [t] w [E] +

1
6 (—Cos[qb[t}}z (17 (-2msin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[2e6ns[t]] +8 1 mCos[ons[t]] Si

16 12 mSin[ens[t] - os[t]] Sin[¢[t]]?) w’[t}zj

((4I2 (13m+6M) +1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos[éns[t]]

Cos[os[t]] + (5m+4M) COS[ZGS[t]])))Z
(7COS[¢[tH2 (-217 (13m+6M) + 1?7 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[t]])) +

/

812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[cz)[t]}z)z)]
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(1Pm (-3m-4M+2mCos[2 (ens[t] -os[t])])
(-Cos[o[t]]?
(-212 (13m+6M) +
12 (14m+4M+mCos[2ons[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[os[t]]) +

I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}})) +
812 (3m+2M-2mCos[ons[t] -6s[t]])
sin(ort11%))]]

Min[Max[First[utotal[[4]]], -sat4], sat4]

1
Min|sat4, Max[—sat4, E gImCos[¢[t]] Sin[ens[t]] -gl (3m+2M) Cos[o[t]] Sin[es[t]] +
ImSin[ens[t] -6s[t]] ens’[t]2 - 12mSin[ens[t] -6s[t]] es’[t]z -
1
2 1 (32ImCos[es[t]] Sin[ens[t]] -8ImSin[26ns[t]]) qﬁ’[t}zf

1
§ 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢’[t}2+

21°mSin[ons[t] -os[t]] Sin[¢[t]] ens’ [t] v [t] -2 12mSin[ens[t] - 6s[t]]

1
Sin[g[t]] oes' [t] w' [t] +2 4 1°m (-1+2Cos[ons[t] -os[t]]) Cos[¢[t]] +
1
5 12 (2mCos[26ns[t]] -4mCos[ens[t] +o6s[t]]) Cos[gb[t}]) ¢ [t] w[t] +

1
2 Z 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Cos[¢[t]] +

¢ [t] wt] -

1
5 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[o[t]]

1
TS (—COS[¢[tH2 (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[Zes[t]])) -
16 12mSin(ens[t] - os[t]] Sin[¢[t]]?) v’ [t]? -

1
— (—Cos[du[t}]z (17 (-2mSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) + 1 (-2ImSin[2ens[t]] +

8 ImCos[ens[t]] Sinfes(t]])) + 16 1°mSin(ons[t] - os[t]] Sin[qb[tﬂz) W [t]?+

1
[524288 (_E 18m? (-1+2Cos[ons[t] -6s[t]]) (-3m-4M+2mCos[2 (ons[t] -os[t])])

(412 (13m+6M) + 1 (<41 (7Tm+2M) +4ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) COS[Z@S[U]))) Cos[o[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +es[t]])25in[¢[t}} +

2

1
—— 1”m (-1+2Cos[ens[t] -os[t]]) (417 (13m+6M) + 1 (-4 0 (7m+2M) +41m

1024
Cos[2ens[t]] +41 (-8mCos[éns[t]] Cos[es[t]] + (Bm+4M) Cos[ZQS[t]])))2
B 1 o - , 1
Sin[¢[t]] EI“m2 (5m+4M) (-1+2Cos[ens[t] -6s[t]])°Sin[¢[t]] 7ZI4
m?> Cos[ons[t] -os[t]] (-1+2Cos[ens[t] -os[t]]) (5m+4M-2mCos[ens[t] -os[t]])

2

|

1
Sin[o[t]]%+ © I*m (5m+4M-2mCos[ens(t] -os[t]])2Sin[¢[t]]
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1 1
5 I2mSin[ens[t] -es[t]] Sin[¢[t]] 6ns’ [t]° + 5 ImSin[ens[t] -e6s[t]]

1
r(-s+wit]) - —12m (-1 +2Cos[ens[t] -6s[t]]) Sin[¢[t]]

16 r
4

Sin[¢[t]] es' [t]? +

1
ons' [t] + — 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Sin[s[t]] 65 [t] - 5 12Cos[¢[t]]

/

(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]]) ¢ [t]

(~Cos(o¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[@[t}}z) -

1
o [t] |— 12 mSin[2ons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])

1
Sin[¢[t]] ¢ [t] + T (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[¢[t]] (-21% (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

I (5m+4M) Cos[2es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) v [t] | -

1
(16 -r- —1Lp (7Cos[¢>[t]12 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]

+1 (ImCos[2ens[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin(ens[t]] Sin[es[t]])

(€11)
[es[t]])) +
1
812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[d)[tﬂz) + E
(—COS[¢[t]]2 (17 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +
I (-21mSin[2ens[t]] +81ImCos[ens[t]] Sin[es[t]])) +
1
16 I°mSin[ons[t] - 6s[t]] Sin[qb[t]]z) ens’ [t] + 6 (-Cos[o[t] 12
(I2 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +1 (81 mCos[es[t]]
Sinfons[t]] -21 (5m+4M) Sin[2@s[t]])) -16 I2mSinfons[t] - 6s[t]]

1
Sin[qb[t]]z) os’[t] + I (1617 (3m+2M-2mCos[ens(t] -6s[t]]) Cos[s[t]]

Sin(¢[t]] +2Cos[¢[t]] (-21% (13m+6M) + 1% (14m+4M+mCos[26ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +

I (5m+4M) Cos[2os[t]] +8ImSin[ons[t]] Sin[es[t]])) Sin[¢[t]]) ¢'[t]

1
-r (-s+wl[t]) + Z 1°2m (-1+2Cos[ens[t] -es[t]]) Sin[¢[t]] ens’[t] - Z

1
12 (5m+4M-2mCos[oens[t] -o6s[t]]) Sin[¢[t]] 6s'[t] + s 12Cos[¢[t]]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])
1
o [t] - — (7COS[¢[tH2 (-217 (13m+6M) + 17 (14m+4M+mCos[2eons[t]] +

16
(5m+4M) Cos[260s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

1 (5Gm+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[t}})) +
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812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[¢>[tH2) w’[t}]]/

(—Cos[qﬁ[t]}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ens[t] -es[t]]) Sin[¢[t]]?) -

1
os’ [t] [Z 12(5m+4M-2mCos[ens[t] -es[t]]) Cos[o[t]] -

—_—

12 (2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +es[t]]) Cos[¢[t]]| ¢ [t] +

(oo o

1
S (—Cos[qb[tﬂz (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[293[t]})) -
16 I2mSin[ons[t] - 6s[t]] Sin[mt]}z) w’[t}) -

1 1
ons’ [t] [[—Z 1°m (-1+2Cos[ens[t] -os[t]]) Cos[o[t]] - g 12

(2mCos[2ons[t]] -4mCos[ens[t] +os[t]]) Cos[o[t] }] ¢ [t] +

1
S (7Cos[¢[t112 (1? (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[os[t]]) +
I (-2ImSin[26ns[t]] +8ImCos[ens[t]] Sin[es[t}])) +
16 I2mSin(ens[t] -6s(t]] Sin[¢[t]]?) w’[t}]]]/

(Izm (-3m-4M+2mCos[2 (ens[t] -os[t])]) (417 (13m+6M) + 1 (-4 1 (7Tm+2M) +4

ImCos[26ns[t]] +41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[295[tﬂ)))2
(—Cos[cb[t]]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1
(ImCos[2éns[t]] +1 (5m+4M) Cos[26s([t]] +8ImSin[éens[t]] Sin[es[t}})) +

812 (3m+2M-2mCos[ons[t] - 6s[t]]) Sin[d;[t]]z)z) +

1
[524288 [@ IBm (5m+4M-2mCos[ons[t] -o6s[t]]) (-3m-4M+2mCos[2 (éns[t] -6s[t])])

(412 (13m+6M) + 1 (-41 (Tm+2M) +4ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s(t]]))) Cos[s[t]]?

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +es[t}])25in[d>[tﬂ -
1

To2a I (5m+4M-2mCos[ens[t] -os[t]]) (417 (183m+6M) + 1 (=41 (7Tm+2M) +41

mCos[26ns[t]] +4 1 (-8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[295[t]]>))2
= 1 2 s > 1
Sin[¢[t]] EI“m2 (5m+4M) (-1+2Cos[ons[t] -o6s[t]])°Sin[¢[t]] 7ZI4
m?> Cos[ons[t] -os[t]] (-1+2Cos[ens[t] -os[t]]) (5m+4M-2mCos[ons[t] -o6s[t]])

|

1
Sin[o[t]]%+ T I*m (5m+4M-2mCos[ens(t] -os[t]])2Sin[¢[t] ]2

2

1 1
> I?mSin[ons[t] -o6s[t]] Sin[¢[t]] ons [t]° + > I?mSin[ons[t] - 6s[t]]

Sin[¢[t]] es [t]%+
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1 1
(16!’ r (-s+wl(t]) - Z 1°m (-1+2Cos[ens[t] -os[t]]) Sin[s[t]] ons'[t] + Z

1
12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - s 1°Cos[¢[t]]

(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]]) qb’[t]”/

(~Cos(o[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[cp[t}]z) -

1
¢’ [t] § 12 (mSin[2e6ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

1
Sin[¢[t]] ¢ [t] + T (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[o[t]] (-2012 (13m+6M) + 1 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) v [t] | -

1
(16 -r- ELp (7Cos[¢>[t]12 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]

y+ 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[2es(t]] +81mSinens([t]] Sin[es[t]])

1)+
1
812 (3m+2M-2mCos[ens(t] -os[t]]) Sin[¢[t]]?) + T

(7Cos[¢[t]]2 (1?7 (-2msin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[2ens[t]] +81 mCos[ens[t]] Sin[@s[t}})) +
1
16 I°mSin[ons[t] - 6s[t]] Sin[qb[t]]z) ons’ [t] + 16
(—COS[(D['IZ]]Z (17 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[es[t]] Sin[éens[t]] -21 (5m+4M) Sin[293[t]])) -
1
16 12mSin[ens(t] -os[t]] Sin[¢[t]]?) s’ [t] + s
(1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[4[t]] Sin[¢[t]] +
2Cos[¢[t]] (-21% (13m+6M) + 1> (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +

I (5m+4M) Cos[2es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) ¢ [t]
1 1
-r (-s+uwlt]) + n 1°m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]] ons’'[t] - n

12 (5m+4M—2mCOS[6nS[t]—es[tﬂ)Sin[@[t]}es’[t}+%I2COS[¢[t]}
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]])
P[] - % (~Cos[@[t]]? (-21% (13m+6M) + 12 (14m+4M+mCos[26NnS[L]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[6s[t })) +

|

812 (3m+2M-2mCosfons[t] -o6s[t]]) Sin[q&[t}}z) w [t]
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(—Cos[qb[t]}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ens(t] -os[t]]) Sin[¢[t]]?) -

1
os’ [t] [Z 12 (5m+4M-2mCos[ens[t] -os[t]]) Cos[¢[t]] -

—_—

12 (2 (5m+4M) Cos[20s[t]] -4mCos[ens[t] +o6s[t]]) Cos[p[t]]]| ¢ [t] +

®| -

1
S (7Cos[¢[t112 (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -
16 I°mSin[ons[t] - 6s[t] ] Sin[<z>[t}}2) w’[t}] -

1 1
ons’ [t] [[7Z 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - s 12

(2mCos[26ns[t]] -4mCos[ens[t] +es[t]]) Cos[p[t] }] P[] +

1
6 (—Cos[qb[t}}z (1? (-2msin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
I (-2ImSin[2e6ns[t]] +8 1 mCos[ens[t]] Sin[@s[tﬂ)) +
16 12 mSin[ens[t] - es[t]] Sin[¢[t]]?) w’[t}]]]/

(Izm (-3m-4M+2mCos[2 (ens[t] -os[t])]) (417 (183m+6M) + 1 (-4 1 (7Tm+2M) +4

ImCos[26ns[t]] +41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[Zes[tH)))2

(7Cos[¢>[t}]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[2os[t]] +8mSin[ens([t]] Sin[es[t]]) + 1
(ImCos[2eéens[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éns[t]] Sin[es[tﬂ)) +

812 (3m+2M-2mCos[ens[t] -es[t]]) Sin[(j;[t]]z)z) _

1
32m (-1+2Cos[ens[t] -6s[t]]) Sin[o[t]] [75 1mCos[ons[t] - 6s[t]]
(-1+2Cos[éns[t] -6s[t]]) Sin[¢[t]] +

1
" 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[@[t}])

1
pens’ [t] [7E2Dref+ s | (4g (-mCos[Beta-o6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +
I (mens'[t]® - 4mCos[ens[t] - os[t]] ons'[t] 6s'[t] + (5m+4M) es'[t}z))) -p (6ns’[
1
t] +os[t]) [7E2Dref+ s | (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

I (mens'[t]®-4mCos[ons[t] - 6s[t]] ons’[t] 6s'[t] + (5m+4M) es’[t}z))J -

1
(65536 (1 c?2 1?2 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]])

024

(700s[¢[t]12 (-212 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +
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812 (3m+2M-2mCos(ens[t] -6s[t]]) Sin[6[t]1%)” (-d+g[t])2+
1
ﬁ (4I2 (13m+6M) + 1 (=401 (7m+2M) +4ImCos[2ens[t]] +41
(-8mCos[ens[t]] Cos[es(t]] + (5m+4M) Cos[2es(t]])))>

1
(2 (7r (-S+wlt]) + Z 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’[t] -
1 1
n 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Sin[¢[t]] 65 [t] + s 12Cos[¢[t]]
(mSin[{2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t]

1
(75 r (7COS[¢[tH2 (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M)

Sin[2es[t]]) + 1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M)

]
Sin[2es(t]])) -16 12mSin[ens([t] - os[t]] Sin[cz)[t}]z)
1
(-s+w[t]) + ” 1°m (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]]

<7COS[¢[tH2 (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[ZGS[tH)) -

12Cos[¢[t]]

1
16 I°mSin[ons[t] - 6s[t]] Sin[d)[tﬂz) ens’ [t] + 128
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]
(—Cos[da[tﬂz (1? (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[26s[t]]

16 12 mSin(eons(t] -oes[t]] Sin[¢[t]]?) ¢'[t] +

I
os[t]]) +

)) -

1
n 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Sin[¢[t]]

1
s (—Cos[qb[t}}z (17 (-2msin[2ens[t]] +8mCos[ens[t]] Sin[os[t]]) +

I (-2ImSin[26ns[t]] +8ImCos[ens[t]] Sin[es[t]})) +

1

16 12 mSin(ens(t] - os[t]] Sin[¢[t]]?) ens'[t] + o (~Cos[o[t]]?

(I2 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[es[t]] Sin[ens[t]]-21 (5m+4M) Sin[293[t]])) -
16 12 mSin[ens(t] -os[t]] Sin[¢[t]]?) s’ [t] +

(16I2 (3m+2M-2mCos[ens([t] -os[t]]) Cos[p[t]] Sin[p[t]] +

®| P

2Cos[o[t]] (-2017 (183m+6M) + 17 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +

8 ImsSin(ens(t]] Sin[es[t]])) Sin[¢[t]]) <z>'[t]]] +

1
76 (~Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +

I (ImCos[2éns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]

Sinfes([t]])) +812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qb[t}}z)z
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(Zgl (3m+2M) Sin[Beta-os[t]] +212mSinfons[t] -o6s[t]] ens’[t]zf

1
2 12 (8mCos[ens[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢’[t}2+
412mSin[ons[t] -os[t]] Sin[¢[t]] ons’'[t] v [t] +

1 1
4 [4— 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[¢[t]] + s 12 (2 (5m+4M)

Cos[26s([t]] -4mCos[ens[t] +6s[t]]) Cos[cp[t]]] o[t Wi t] -

1
s (—Cos[cb[t]]z (I2 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[2es[t}])) -
2 = = 2 2 1
16 1°mSin[ens[t] -os[t]] Sin[¢[t]]%) v [t] +Z

(—Cos[aﬁ[tﬂz (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSinfens[t]] Sin[es[t]])) + 817

(3m+2M-2mCos[éns(t] -6s[t]]) Sin[d;[t]]z) -1?mSinfens[t] -e6s[t]]

1
Sin[¢[t]] ens’' [t] + [7Z 12 (5m+4M-2mCosfons[t] -os[t]]) Cos[¢[t]] -

1
g 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

1
cb’[t]] -r (-s+w[t]) + 4_1 1°2m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]]

1
ens’ [t] +§I2Cos[¢[tﬂ (mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4m
1
Sin[ens[t}+es[t]])¢’[t})+zl2 (5m+4M-2mCos[ens[t] -6s[t]])
_ 1 _ i 2 1 _
Sin[¢[t]] [5 1?mSin[ons[t] -6s[t]] Sin[¢[t]] 6ns’[t] —EIZmSm[

ens[t] -6s[t]] Sin[é[t]] 6s [t]?

1
+ [_A_, 1°m (-1+2Cos[éns[t] -6s[t]])
1
Cos[o[t]] - s 12 (2mCos[26ns[t]] -4mCos[ens[t] +os[t]])

1
Cos[¢[t]] | ens [t] ¢ [t] + g 12 (mSin[26ns[t]] + (5m+4M)

Sin[26s[t]] -4mSin[ens[t] +6s[t]]) Sin[¢[t]] ¢’[t}2+

1 1
265 [t] (E ImSin[ons[t] -o6s[t]] Sin[¢[t]] ons’ [t] + " 12

(5m+4M-2mCos[ens[t] - es[t]]) Cos[¢[t]] @’[t]) +W'[t]]]]]]/

((4I2 (13m+6M) +1 (<41 (7Tm+2M) +41ImCos[26ns[t]] +41 (-8mCos|

ons[t]] Cos[es[t]] + (bm+4M) Cos[295[t}})))2
(—COS[¢[tH2 (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
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I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +
812 (3m+2M-2mCos[ons[t] -o6s[t]]) Sin[q&[tﬂz)z) /
((-3m-4M+2mCos[2 (ens[t] -eos[t])]) (7Cos[¢>[t}]2 (-217 (13m+6M) +

12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[os[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t}})) +

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[o[t]]?)) +

[32 (IZ (5m+4M-2mCos[ens[t] -os[t]]) Sin[¢[t]]
1
(—5 I?mCos[ons[t] -6s[t]] (-1+2Cos[ons[t] -6s[t]]) Sin[¢[t]] +
1
Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[da[tﬂ) +

1
IS 12 (-3m-4M+2mCos[2 (6ns[t] -6s[t])]) (—Cos[ab[t]}z (-212 (13m+6M) + 12

(14m+4M+mCos[2ens[t]] + (Bm+4M) Cos[26s[t]] +8mSin[éens[t]] Sin[es[t]]) +
I (ImCos[2éns[t]] +1 (5m+4M) Cos[295[t]]+8ImSin[ens[t}]Sin[es[t]]))+

812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[¢[t]]?)

1
pens’ [t] [7E2Dref+ s | (4g (-mCos[Beta-o6ns[t]] + (3m+2M) Cos[Beta-o6s[t]]) +

I (mens'[t]% - 4mCos[ens[t] - os[t]] ens'[t] 6s’ [t] +

(5m+4M)es [t]%)) | -p (ens'[t] + 68 [t])
1
(7E2Dref+ s | (4g (-mCos[Beta-o6ns[t]] + (3m+2M) Cos[Beta-o6s[t]]) +

I (mens'[t]% - 4mCos[ens[t] - os[t]] ens'[t] 6s'[t] + (5m+4M) os'[€]%)) | -

1
(65536 [1024 c? 1?2 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]])

(—COS[¢[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

(-d+o[t])?+

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[qﬁ[t}]z)z

1
To24 (417 (13m+6M) + 1 (-41 (7Tm+2M) +41ImCos[2ons[t]] +4 1

(-8mCos[ens[t]] Cos[os[t]] + (Bm+4M) Cos[2@s[t]])))2
1
[2 (7r (-s+w[t]) + n 1°m (-1+2Cos[ons[t] -o6s[t]]) Sin[¢[t]] ons’'[t] -
1 1
" 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65’ [t] + A 12 Cos[o[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t]

1
(7Er (~Cos[¢[t]]? (12 (8mCos[os[t]] Sin[ens[t]] -2 (5m+4M)

Sin[2os[t]]) +1 (81 mCos[es[t]] Sin[ens[t]] -21 (5m+4M)
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Sin[2es[t}])) -16 I°mSinfens[t] - 6s[t]] Sinw[tﬂz)
1
(-S+wl[t]) + a 1°m (-1+2Cosfens[t] -os[t]]) Sin[¢[t]]

(7C05[@[t}}2 (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2es[t]]) +
1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[2es[t}])) -

12 Cos[¢[t]]

1
16 12 mSin[ens[t] - 6s[t]] Sin[¢[t]]?) ens'[t] + 28

(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]
(7Cos[¢[tu2 (12 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[2
1 (8ImCos[es[t]] Sin[éens[t]] -21 (5m+4M) Sin[26s[t]]

16 I2mSin(ens(t] -6s(t]] Sin[¢[t]]%) ¢’ [t] +

D
os[t]]) +

)) -

1
n 12 (5m+4M-2mCos[ens[t] —es[t]]) Sin[¢[t]]

1
s (7Cos[¢[t112 (17 (-2msin[2ens([t]] +8mCos[ens[t]] Sin[os[t]]) +

I (-21mSin[2ons[t]] +8ImCos[ens[t]] Sin[es[t]])) +

1

16 12 mSin[ens[t] - es[t]] Sin[¢[t]]?) ens'[t] + T (~Cos[o[t]]?

(I2 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[os[t]] Sinfens[t]] -21 (5m+4M) Sin[2es[t]])) -
16 I2mSin(ens[t] -6s(t]] Sin[¢[t]]%) 6s'[t] +

(16I2 (3m+2M-2mCos[ens[t] -o6s[t]]) Cos[o[t]] SIn[¢[t]] +

®| -

2Cos[¢[t]] (-21% (13m+6M) + 12 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +

8 ImSin[ens[t]] Sin[os[t]])) Sin[¢[t]]) ¢’ [t]

+

1
o6 (~Cos[o[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2éns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]
sinfes(t]])) +812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[¢[t] %)’

(Zgl (3m+2M) Sin[Beta-6s[t]] +2 12mSin[ens[t] - 6s[t]] ens’[t]zf
1 ) _ - 2
" 1 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]]) ¢’ [t]” +
412mSin[ons[t] -os[t]] Sin[¢[t]] ons’'[t] v [t] +

1 1
4 [4— 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[¢[t]] + s 12 (2 (5m+4M
Cos[26s([t]] -4mCos[ens[t] +6s[t]]) Cos[cp[t]]] o [t] Wi t] -

(—Cos[cb[t]]z (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[26s[t]]) +

®| R

1 (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[2es[t}])) -

16 I2mSin(ens(t] -6s(t]] Sin[¢[t]]?) w’[t}zj +

E i

Printed by Mathematica for Students



42 | 3D-4DOF-hipless-eqns.nb

(7Cos[¢>[t1]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) +812

(3m+2M-2mCos[eons[t] -o6s[t]]) Sin[qb[t]]z)

-IZmSinfens[t] -o6s[t]]
1
Sin[¢[t]] ons [t] + [7Z 12 (5m+4M-2mCos[ens[t] -es[t]]) Cos[o[t]] -
5 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

oo

1
7r(7s+w[t])+ZI2m(71+2Cos[ens[t]—es[t}})Sin[cb[tH
1
ens’ [t] +§I2Cos[¢>[t]} (mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4m
1
Sin[ens[t}+es[t}})¢’[t})+zlz (5m+4M-2mCos[ens(t] -o6s[t]])
) 1 ) . , 1 ]
Sin[¢[t]] [E ImSin[ons[t] -o6s[t]] Sin[¢[t]] ons’ [t] 75I2m5|n[
. 2 1.,
ons[t] -os[t]] Sin[¢[t]] 6s [t]” + [7ZI m(-1+2Cos[ens[t] -os[t]])
1
Cos[o[t]] - s 12 (2mCos[26ns[t]] -4mCos[ens[t] +os[t]])

Cos[¢[t]]

1
ons’[t] ¢ [t] + A 12 (mSin[26ns[t]] + (5m+4M)
Sin[2e6s[t]] -4mSin[ens[t] +o6s[t]]) Sin[¢[t]] d)’[t}z

+

1 1
268 [t] (5 ImSin[ons[t] -6s[t]] Sin[¢[t]] ons’[t] + " 12

s}/

(5m+4M-2mCos[ens(t] -es[t]]) Cos[p[t]] ¢ [t]

((4|2 (13m+6M) + 1 (-41 (7Tm+2M) +41ImCos[26ns[t]] +41 (-8mCos|

ons[t]] Cos[os[t]] + (5m+4M) Cos[295[t]])))2
(—Cos[qﬁ[t]}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)

Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
I (5m+4M) Cos[2os[t]] +8ImSin[ons[t]] Sin[es[t]])) +

|/

(17 (-3m-4M+2mCos[2 (ens[t] -os[t])]) (—Cos[¢[tﬂ2 (72I2 (13m+6M) +
12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
1 (ImCos[2ens[t]] +1 (5m+4M) Cos[Zes[t}]+8ImSin[ens[tHSin[es[tﬂ))+
812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[<z>[t]]2)) -

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qb[t]]z)z)

3201°m (-1+2Cos[ons[t] -os[t]]) Cos|

o}
t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -
4mSinfens[t] +6s[t]]) Sin[¢]
t]]
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1
4096 EC (—Cos[qb[t]]z (-2017 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)

Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +
812 (3m+2M-2mCos[ens[t] - 6s[t]]) Sin[¢>[tﬂ2)2 (-d+o[t])

1
-C+ 5 1 (32ImCos[es[t]] Sin[éens[t]] -8ImSin[26ns[t]]) ens’ [t] +

1
5 12 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]]) 65’ [t] ]| -

Kp (412 (13m+6M) +1 (=41 (7Tm+2M) +4ImCos[26ns[t]] +
131072 P ( )+ 1 ( ) [ [t]]

41 (-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) Cos[Zes[t}])))2
(7Cos[¢>[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[2@s[t]]+8ImSin[ens[t}]Sin[es[t}]))+
2 1

812 (3m+2M-2mCos[éens[t] -o6s[t]]) Sin[mt}]z) ¢ [t] + 5

(4I2 (13m+6M) + 1 (=401 (7Tm+2M) +40ImCos[2ens[t]] +41
(-8mCos[éens[t]] Cos[oes[t]] + (Bm+4M) COS[Z@S[tH)))

1
[8 (~Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26nS[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M)Cos[26s[t]] +8ImSin[éns[t]]
Sinfes[t]])) +817 (3m+2M-2mCos[ens[t] -os[t]]) Sin[qb[tﬂz)

1
(—g 1?LpCos[¢[t]] (mSin[2ons[t]] + (5m+4M) Sin[206s[t]] -
1
4mSin[ens[t] +6s[t]]) + _Z 1?m (-1+2Cos[éns[t] -6s[t]]) Cos[o[t]] +
1
§ 12 (2mCos[26ns[t]] -4mCos[ens[t] +o6s[t]]) Cos[cp[t]]]
1
ons’ [t] + [Z 12 (5m+4M-2mCos[ens[t] -6s[t]]) Cos[o[t]] +

1
5 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]]

es’[t]]
1
(r (-s+wl[t]) - " 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] +
1 i 1
n 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - A 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[2es[t]] -4mSin[ens[t] +es[t]]) ¢ [t] | +

1
I (16I2 (3m+2M-2mCos[ons[t] -os[t]]) Cos[o[t]] Sin[¢[t]] +

2Cos[¢[t]] (-21% (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[os[t]]) + 1 (ImCos[26ns[t]]
I (5m+4M)Cos[2es[t]] +81ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

+
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1 1
r(-s+wl(t]) - " 1°m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ons’'[t] + 2 12

1
(5m+4M-2mCos[ens[t] -6s[t]]) Sin[¢[t]] 65" [t] - 5 1°Cos[o[t]] (mSin]
2

2eons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) ¢’ [t]| -

1
76 (~Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]

Sin[es[t]})) +812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qb[tﬂz)2

1
2cKp (-d+¢[t]) +2c ¢ [t] - E 1 (321 mCos[os[t]] Sin[éens[t]] -
1
8ImSin[2ens[t]]) ens'[t] ¢’ [t] - " 12 (8mCos[ons[t]] Sin[os[t]] -

1
2 (5m+4M) Sin[26s[t]]) 6s'[t] ¢’ [t] - n 12LpCos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) v [t] -

1°m (-1+2Cos[ons[t] -os[t]]) Cos[¢[t]] ons'[t] v [t] +

12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]] ons [t] w [t] +

Nl R A RN PR

12 (5m+4M-2mCos[ons[t] -o6s[t]]) Cos[¢[t]] 6s'[t] w [t] + " 12
(2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +o6s[t]]) Cos[p[t]] 68 [t] v [t] +
1

S (1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[¢[t]] +2Cos[[t]]

(<212 (13m+6M) + 1? (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[26s[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[2éns[t]] +1 (5m+4M) Cos|

/

2eos(t]] +81ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]]) w’[t]z]

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos|
ens(t]] Cos[es[t]] + (5m+4M) Cos[26s[t]])))
(—Cos[da[tﬂz (-217 (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)

Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
1 (5m+4M)Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}})) +

812 (3m+2M—2mCos[ens[t}—es[t]J)Sin[qb[tHZ)z),
1
(4096 [_5 (412 (13m+6M) + 1 (<41 (7m+2M) +41mCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[2es[t]])))

1
[r (-s+wlt]) - Z 1°m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ons’'[t] +
1 1
" 12 (5m+4M-2mCos[ens[t] -es[t]]) Sin[¢[t]] o5 [t] - s 12Cos[¢[t]]
1
(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éns[t] +6s[t]]) ¢ [t] [72

12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])
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1
e (7Cos[¢>[t}]2 (12 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[2ens[t]] +8ImCos[éens[t]] Sin[es[tﬂ)) +

1
16 12 mSin[eons[t] - os[t]] Sin[¢[t]]?) ons'[t] + o
(-Cos prt]]? (1?2 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +

[
I (8ImCos[es[t]] Sin[éons[t]] -21 (5m+4M) Sin[295[tﬂ)) -

16 I2mSin(ens[t] -os[t]] Sin[¢[t]]%) 6s'[t] | +

1
o (16 12 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[p[t]] +

2Cos[¢[t]] (-21% (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]]
1 (5m+4M) Cos[26es[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[¢[t]])

4

1
-r (-s+wl[t]) + Z 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ens’[t] -
1 i 1
n 12 (5m+4M-2mCos[oens[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - 5 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[2es[t]] -4mSin[ens[t] +es[t]]) ¢ [t]]|] +

1
256 (412 (13m+6M) + 1 (<41 (7Tm+2M) +41ImCos[2ens[t]] +4 |

(-8mCos[eons[t]] Cos[oes[t]] + (5m+4M) Cos[295[t}})))
(~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+ 4M+mCos[20ns(t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]]
Sinfes[t]])) +81? (3m+2M-2mCos[ons[t] -6s[t]]) Sin[@[t}}z)

1 1
[[(Z 1°m (-1+2Cos[ons[t] -os[t]]) Cos[o[t]] - 3 12 (2mCos[26ns[t]] -
4mCos[ons([t] +os[t]]) Cos[p[t]] | ons [t] +

1 1
(72 12 (5m+4M-2mCos[ons[t] -os[t]]) Cos[o[t]] - — I?

8
(2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +6s[t]]) Cos[o[t]] es’[t]]
1
(r (-s+wl[t]) - 4— 12m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]] ens’'[t] +
1 1
" 12 (5m+4M-2mCos[ons[t] -os[t]]) Sin[¢[t]] 6s'[t]]| - § 12Cos[¢[t]]

mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +es[t]])

1
2_ 5 I2mSin[ens[t] - 6s[t]] Sin|

1
(E I?mSin[ons[t] -6s[t]] Sin[¢[t]] 6ns’[t]
2 1 2
p[t]] 68 [t]° - n 12 (2mCos[2ons[t]] -4mCos[ons[t] +os[t]]) Cos[o[t]]

1
ens’[t] ¢ [t] - " 12 (2 (5m+4M) Cos[2es[t]] -4mCos[ens[t] +es[t]])
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1
Cos[p[t]] 6s [t] ¢’ [t] + § 12 (mSin[26ns[t]] + (5m+4M) Sin[2e6s[t]] -
_ _ 2 1
4mSinfens[t] +os[t]]) Sin[¢[t]] ¢’ [t] +rw’[t1]) + 256

(—COS[(b[t]]z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qﬁ[t]}z)z —2c? (-d+o[t]) +

1
= (412 (13m+6M) + 1 (<41 (Tm+2M) +41ImCos[2ens[t]] +

41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s[t]])))
1
_E (16I2 (3m+2M-2mCos[ens[t] -6s[t]]) Cos[p[t]] Sin[p[t]] +

2Cos[¢[t]] (-21% (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Bm+4M)
Cos[26s(t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]]
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[s[t]])

+

1
w’[t}2+29ns’[t] [E 1 (321 mCos[os[t]] Sin[ens[t]] -81Im

1
Sin[2ens[t]]) ¢’ [t] + Z 1°m (-1+2Cos[ons[t] -o6s[t]]) Cos[o[t]] -

1
§ 12 (2mCos[26ns[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]]

w’[t}] +
1
20s’[t] [§ 12 (8mCos[ons[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) ¢'[t] +
1 1
[—Z 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] - A 12 (2 (5m+4M)

i

Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]]

w’[t]J

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos|
ons[t]] Cos[es[t]] + (5m+4M) Cos[2@s[t]})))
(7C05[@[t}}2 (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +

/

((4I2 (13m+6M) + 01 (=41 (7m+2M) +401mCos[26ns[t]] +41 (-8mCos[ons[t]]
Cos[os[t]] + (5m+4M) Cos[26s[t]])))
(—Cos[cz)[t]]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
1 (ImCos[26ns[t]] +1 (5m+4M) Cos[Zes[t}]+8ImSin[ens[tHSin[es[t}}))+
812 (3m+2M-2mCos[ens[t] -os[t]]) Sin[o[t]]?)) +

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[gb[t}]z)z)

321* (5m+4M-2mCos[ens[t] -os[t]])
Cos|

¢ [
]
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(erirn[Zens[t]] +(5m+4M) Sin[2es[t]] -
4
m
Sin[ens[t] +o6s[t]]) Sin[¢[t]]

1
4096 @C (—Cos[d;[tﬂz (72I2 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] + (5m+4M)

Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t}})) +

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qﬁ[t]]z)z (-d+¢[t])

1
-C+ 3—2 1 (32ImCos[es[t]] Sin[éns[t]] -8ImSin[26ns[t]]) éens’ [t] +

1
g 12 (8mCos[ens[t]] Sin[os[t]] -2 (5m+4M) Sin[26s[t]]) es'[t] ]| -

Kp (4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +
131072

41 (-8mCos[ens[t]] Cos[es[t]] + (Em+4M) Cos[ZQS[t}])))z
(—COS[¢[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[ZQS[t]J+8ImSin[ens[t}]Sin[es[t}]))+
1
812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[qﬁ[t}]z)zqﬁ’[t] + =
(412 (13m+6M) + 1 (<41 (Tm+2M) +41ImCos[2ens[t]] +4 1

(-8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[26s(t]])))
1
[8 (~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+ 4M+mCos[20ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]]
Sinfes[t]])) +812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[qb[t]}z)

1
(7§ 1?LpCos[¢[t]] (mSin[26ons[t]] + (5m+4M) Sin[26s[t]] -
1
4mSin[éens[t] +6s[t]]) + “a 1°m (-1+2Cos[ens[t] -6s[t]]) Cos[o[t]] +
1
g 12 (2mCos[26ns[t]] -4mCos[ons[t] +6s[t]]) cOs[cb[t]]]
1
ens’ [t] + [Z 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Cos[o[t]] +

1
s 12 (2 (5m+4M) Cos[2es[t]] -4mCos[ens[t] +es[t]]) Cos[¢[t]]

es’[t}]

1
r(-s+wit]) - n 12m (-1 +2Cos[ens[t] -os[t]]) Sin[é[t]] ens’ [t] +

1 1
n 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65’ [t] - s 12Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) qb’[t]] +

1
E (16I2 (3m+2M-2mCos[ons[t] -e6s[t]]) Cos[¢[t]] Sin[o[t]] +

2Cos[¢[t]] (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] + (5m+4M)
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Cos[2es[t}} +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) Sin

t]]
o[t]])

+

[
[

1
r(-s+w(t]) - n 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons' [t] + — I?

1

4
1

(5m+4M-2mCos[éns[t] -6s[t]]) Sin[¢[t]] 65 [t] - g 12Cos[¢[t]] (mSin]

2
2ons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) ¢’ [t]| -

1
o6 (~Cos[o[t]]? (-212 (13m+6M) + 12 (14m+ 4M+mCos[20ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[ées[t]]) +
I (ImCos[2ens[t]] +1 (5m+4M)Cos[26s[t]] +8ImSin[ens[t]]

sinfes(t]])) +812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[s[t] %)’

1
2cKp (-d+¢[t]) +2Cc ¢’ [t] - E I (321 mCos[6s[t]] Sin[éns[t]] -
1
8ImSin[2ens[t]]) 6ns’[t] ¢’ [t] - " 12 (8mCos[ons[t]] Sin[os[t]] -

1
2 (5m+4M) Sin[2os[t]]) es’[t] ¢ [t] - " 12 Lp Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[2es[t]] -4mSin[ens[t] +6s[t]]) v [t] -

1

—1°m(-1+2Cos[ons[t] -6s[t]]) Cos[¢[t]] ens’ [t] v [t] +

2

1

n 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[¢[t]] ons' [t] w [t] +
1 1

> 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[¢[t]] 65’ [t] v [E] + 2 12

2 (5m+4M)Cos[26s[t]] -4mCos[ons[t] +os[t]]) Cos[o[t]] oS [t] ' [Et] +

(16I2 (3m+2M-2mCos[ons([t] -os[t]]) Cos[o[t]] Sin[o[t]] +2Cos[¢p[t]]

&l r

(-2017 (183m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M) Cos[2es[t]] +
8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +1 (5m+4M) Cos|

/

2os[t]] +81ImSinfens(t]] Sin[es[t]])) Sin[¢[t]]) w'[t}z]

((4|2 (13m+6M) + 1 (-41 (7Tm+2M) +4ImCos[26ns[t]] +41 (-8mCos|
ens[t]] Cos[es[t]] + (5m+4M) Cos[2es[t]])))
(—Cos[qj[t}}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[2os[t]] +8mSin[ens[t]] Sin[os[t]]) +1 (ImCos[2ens[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[tﬂ)) +

812 (3m+2M72mCos[ens[tJ—es[t}})Sin[¢[t}}2)2),
1
(4096 [73—2 (4I2 (I1B3m+6M) + 1 (=401 (7Tm+2M) +40ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) COS[Z@S[tH)))

1
r (-s+wl(t]) - 2 12m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCosfens[t] -o6s[t]]) Sin[¢[t]] 6s'[t] - s 12Cos[¢[t]]
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3

(mSin[26ns[t]] + (5m+4M) Sin[2es[t]] -4mSin[ens[t] +6s[t]]) ¢ [t]
12Cos[¢[t]] (mSin[2ons[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]])

% (—Cos[cb[t]]z (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +
I (-21ImSin[2ons[t]] +8ImCos[ens[t]] Sin[es[t]])) +
16 I2mSin(ens[t] -6s[t]] Sin[¢[t]]%) ens'[t] + %
(-Cos[o[t] 12 (17 (8mCos[os[t]] Sinfens[t]] -2 (5m+4M) Sin[2es[t]]) +
I (8ImCos[es[t]] Sin[ens[t]] -21 (5m+4M) Sin[295[t]])) -

16 12 mSin[eons[t] -es[t]] Sin[¢[t]]?) os'[t] | +

1
— (16I2 (3m+2M-2mCos[ons[t] -os[t]]) Cos[o[t]] Sin[¢[t]] +

2Cos[¢[t]] (202 (13m+6M) + 1 (14m+4M+mCos[2ons[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[os[t]]) + 1 (ImCos[26ns[t]
1 (5m+4M) Cos[2@s[t}}+8ImSin[ens[t]]Sin[es[t]]))Sin[qb[

+

]
t]])
1
-r (-s+uw[t]) + " 1°m (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] ons’[t] -
1 1
— 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] - A 12Cos[¢[t]]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +os[t]]) d)’[t}]] +

1
—— (412 (13m+6M) + 1 (-41 (7m+2M) +41ImCos[2ens(t]] +4 1

256
(-8mCos[ens[t]] Cos[es[t]] + (Bm+4M) COS[Z@S[t]])))

(-Cos[@[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]
Sinfes[t]])) +81% (3m+2M-2mCos[eons[t] -6s[t]]) Sin[@[t}}z)

1 1
[((— 1°m (-1+2Cos[ons[t] -os[t]]) Cos[o[t]] - s 12 (2mCos[26ns[t]] -
4mCos[ons(t] +es[t]]) Cos[op[t]] | ens' [t] +

1
(77 12 (Gm+4M-2mCos[ons[t] -o6s[t]]) Cos[o[t]] - A 12

es’[t}]

(2 (5m+4M)Cos[26s[t]] -4mCos[ens[t] +os[t]]) Cos[¢[t]]
1
(r (-s+wl[t]) - —12m (-1+2Cos[ens[t] -o6s[t]]) Sin[¢[t]] ens’[t] +

1 1

— 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] es’[t}] s 12Cos[¢[t]]
(mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -4mSin[ons[t] +6s[t]])

1 1
(5 I2mSin[ens[t] -es[t]] Sin[¢[t]] 6ns’ [t]? - 5 I?mSin[ons[t] -6s[t]] Sin|

1
o[t]]es [t]?- 212 (2mCos[26ns[t]] -4mCos[ons[t] +6s[t]]) Cos[¢[t]]
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1
ons’ [t] ¢ [t] - 3 12 (2 (5m+4M) Cos[26s[t]] -4mCos[ens[t] +es[t]])

1
Cos[¢[t]] os' [t] ¢ [t] + s 12 (mSin[2ons[t]] + (5m+4M) Sin[26s[t]] -

1
R
256
(—COS[(b[t]]z (<212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +1 (ImCos[26ns[t]] +
1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[t}})) +

4mSinfens[t] +6s[t]]) Sin[¢[t]] cp’[t]2+rw’[t]])

812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qﬁ[t]}z)z —2c? (-d+o[t]) +

1
= (412 (13m+6M) + 1 (-41 (Tm+2M) +41ImCos[2ens[t]] +
41 (-8mCos[ens[t]] Cos[es[t]] + (5m+4M) Cos[26s[t]])))
1
_E (16I2 (3m+2M-2mCos[ons[t] -6s[t]]) Cos[p[t]] Sin[p[t]] +

2Cos[¢[t]] (2012 (13m+6M) + 1 (14m+4M+mCos[2eons[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +1 (ImCos[26ns[t]]
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t]])) Sin[s[t]])

+

1
w’[t}2+29ns’[t] [5 1 (321 mCos[os[t]] Sin[ens[t]] -81Im

1
Sin[2ens[t]]) ¢’ [t] + Z 1°m (-1+2Cos[ons[t] -o6s[t]]) Cos[o[t]] -

1
§ 12 (2mCos[26ns[t]] -4mCos[ens[t] +o0s[t]]) Cos[¢[t]]

w’[t}] +
1
20s’'[t] [§ 12 (8mCos[ens[t]] Sin[es[t]] -2 (5m+4M) Sin[26s[t]]) ¢ [t] +
1 1
[72 12 (5m+4M-2mCos[ons[t] -6s[t]]) Cos[o[t]] - A 12 (2 (5m+4M)

I/

Cos[26s(t]] -4mCos[ens[t] +os[t]]) Cos[p[t]]

w’[t]]

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos|
ens[t]] Cos[es[t]] + (5m+4M) Cos[265[t]})))
(7C05[@[t}}2 (<212 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[tﬂ)) +

/

((4I2 (13m+6M) + 01 (=41 (7m+2M) +401mCos[26ns[t]] +41 (-8mCos[ens[t]]
Cos[es[t]] + (5m+4M) Cos[26s[t]])))
(—Cos[cb[tﬂz (72I2 (13m+6M) + 12 (14m+4M+mCos[20ons[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
1 (ImCos[26ns[t]] +1 (5m+4M) Cos[ZGS[t]]+8ImSin[9ns[tHSin[es[t}}))+
812 (3m+2M-2mCos[ens[t] -eos[t]]) Sin[o[t]]?)) +

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[gb[t}]z)z)

32 (5m+4M-2mCos[ens[t] -os[t]])

Sin|
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oL
]

1
2 1?m (5m+4M) (-1+2Cos[éens[t] -o6s[t]])

1
Sin[¢[t]] + —
2
|2
m

Cosjons[t] -6s[t]]
(5m+4M-2mCos[ens[t] -6s[t]])

Sin[@[t]]]

1
-péns’[t] |-E2Dref + g 1 (4g (-mCos[Beta-6ns[t]] + (3m+2M) Cos[Beta-6s[t]]) +

I (mens'[t]% -4mCos[ons[t] -os[t]] ens'[t] 6s'[t] + (5m+4M) os'[t]?)) | -

1
(65536 (4096 c?1 (321 mCos[es[t]] Sin[ens[t]] -8 ImSin[2eons[t]])

(—COS[(b[t]JZ (72I2 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] + (5m+4M)
Cos[26es[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos(ens[t] -6s[t]]) Sin[6[t]1%)" (-d+g[t])2+

1
To24 (412 (13m+6M) + 1 (-4 1 (7m+2M) +4ImCos[26ns[t]] +4 |

[72

(-8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[2es[tﬂ)))2

1
r(-s+wl(t]) - " 1°m (-1+2Cos[ons[t] -o6s[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCos[ens[t] -o6s[t]]) Sin[¢[t]] 65 [t] - g 12Cos[¢[t]]

(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t]

1
(E (7Cos[¢>[t}]2 (17 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[2e6ns[t]] +8ImCos[éens|t]] Sin[es[tﬂ)) +

16 I°mSin[ens[t] - 6s[t]] Sin[d)[tﬂz) -r (-s+wlt]) -

1 1
" 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] + A 12 Cos[o[t]]
(mSin[2eéens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]])

1
o (t]| - Z 1°m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]]

1
[— (-Cos[o[t] 12 (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +

16
I (-2ImSin[26ns[t]] +8 I mCos[ens[t]] Sin[es[tﬂ)) +
1
16 12 mSin(ens(t] - os[t]] Sin[¢[t]]?) ens'[t] + s (~Cos[o[t]]?
(I2 (8mCos[es[t]] Sin[ens[t]] -2 (5m+4M) Sin[26s[t]]) +
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1 (8ImCos[es[t]] Sin[ons[t]] -21 (5m+4M) Sin[Zes[t}])) -
16 I2mSin(ens[t] -6s(t]] Sin[¢[t]]%) s’ [t] +

(16I2 (3m+2M-2mCos[éns[t] -o6s[t]]) Cos[¢[t]] Sin[p[t]] +

oo

2Cos[¢[t]] (-21% (13m+6M) + 1> (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +

8 ImSin[ens[t]] Sin[os[t]])) Sin[¢[t]]) @'[t]]] +

(~Cos[o[t]1? (-212 (13m+6M) + 12 (14m+ 4M+mCos[20ns(t]] +

INR

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]]
Sin[es[t]})) +81°2 (3m+2M-2mCos[éens[t] -o6s[t]])

Sin[o[t]1?)

(szSin[ens[t] -os[t]] Sin[¢[t]] 6s [t] +
1
[72 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] +
1
s 12 (2mCos[26ns[t]] -4mCos[ons[t] +Oos[t]]) COSW[tH] d)’[t})

1
r(-s+w[t]) + n 12 (5m+4M-2mCos[ons[t] -o6s[t]]) Sin[¢[t]]

1
s’ [t] - s 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[26s[t]] -

1
4mSin[ens[t] +es[t]]) ¢ [t] | - " 1I2m (-1 +2Cos[ens[t] -es[t]])

2

1
Sin[¢[t]] > I2mSin[ons[t] -6s[t]] Sin[¢[t]] ons’ [t]° -

1, . , 1,
EI mSin(ens([t] -os[t]] Sin[¢[t]] 65’ [t] 75I m(-1+

1
2Cos[ons[t] -o6s[t]]) Cos[o[t]] ens’[t] ¢ [t] + s 12 (mSin[26ns[t]] +
(5m+4M) Sin[26s[t]] -4mSin[ens[t] +6s[t]]) Sin[¢[t]] qb’[t]2+

1
os'[t] |[-12mSinfens[t] -6s[t]] Sin[¢[t]] ons’'[t] + (Z 12 (5m+4M-
1
2mCos[ens[t] -o6s[t]]) Cos[p[t]] - g 12 (2 (5m+4M) Cos[26s]

t]] -4mCosfons[t] +os[t]]) Cos[¢[t]] | ¢ [t]

1
76 (~Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +

(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +

I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éons[t]]
Sinfes[t]])) +817 (3m+2M-2mCos[ens(t] -os[t]]) Sin[d)[tﬂz)z

_212mSin[ens[t] -es[t]] 65 [t]? -4 12mSin[ons[t] - 6s[t]]

Sin[¢[t]]es’ [t]w [t] -2 |gImSin[Beta-ons[t]] +
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1
= 1 (32ImCos[es[t]] Sin[ens[t]] -8ImSin[2ons[t]]) ¢’[t]2+

1 1
2 2 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - s 12

(2mCos[26ns[t]] -4mCos[ens[t] +os[t]]) Cos[mt}]] ¢ [t] w[t] +

1
I (-Cos[o[t] 12 (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +

I (-2ImSin[26ns[t]] +8 I mCos[ons[t]] Sin[es[tﬂ)) +

I/

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos|

16 ImSin[ons[t] -o6s[t]] Sin[¢[t] ]2) w’[t]z)

ons[t]] Cos[es[t]] + (Bm+4M) Cos[295[t}})))2
(—Cos[qﬁ[t]}z (-212 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +

I (5m+4M) Cos[26s[t]] +8ImSin[ons[t]] Sin[es[t]])) +
812 (3m+2M-2mCos[ons[t] -6s[t]]) Sin[qb[t]]z)z) ]/
(m(-3m-4M+2mCos[2 (ens[t] -os[t])]) (—Cos[mt}]z (-217 (183m+6M) +

12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
1 (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[@s[t}})) +
812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[<z>[t]]2)) +

[32 (sz (-1+2Cos[ons[t] -os[t]]) Sin[¢[t]]
1
(72I2m (5m+4M) (-1+2Cos[ens[t] -os[t]]) Sin[¢[t]] +
1
EI2mCos[ens[t] —os[t]] (5m+4M-2mCos[ens[t] -os[t]]) Sin[o[t] ]| +

1
6 1?m (-3m-4M+2mCos[2 (6ns[t] -6s[t])])

(-Cos[¢[t]]1? (-212 (13m+6M) + 12 (14m+4M+mCos[20ons[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +
I (ImCos[2eéns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[t]])) +

812 (3m+2M-2mCos[ens[t] -o6s[t]]) Sin[cp[t}]z)

1
-pens’'[t] |-E2Dref + A I (4g (-mCos[Beta-ons[t]] + (3m+2M) Cos[Beta-os[t]]) +

I (mons'[t]? - 4mCos[ens[t] -os[t]] ens'[t] s [t] + (5m+4M) 65’ [t]?)) | -

c?1 (321 mCos[es[t]] Sin[ens[t]] -8 ImSin[26ns[t]])

1
65536
4096

(7Cos[¢[t]]2 (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (5m+4M)
Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[ens[t]] Sin[es[t}])) +

812 (3m+2M-2mCos[ons[t] -os[t]]) Sin[mt}]z)2 (-d+p[t])2+
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1
To24 (412 (13m+6M) + 1 (-4 1 (7m+2M) +4ImCos[26ns[t]] +4 |

[72

(-8mCos[ons[t]] Cos[os[t]] + (5m+4M) Cos[2es[tﬂ)))2

1
r(-s+wl(t]) - " 1°m (-1+2Cos[ons[t] -o6s[t]]) Sin[¢[t]] ons’'[t] +

1 1
n 12 (5m+4M-2mCos[ens[t] -es[t]]) Sin[¢[t]] 65 [t] - g 12Cos[¢[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]]) ¢ [t]

1
[E (7Cos[¢>[t}]2 (17 (-2msSin[2ons[t]] +8mCos[ens[t]] Sin[es[t]]) +
1 (-2ImSin[2e6ns[t]] +8ImCos[éens|t]] Sin[es[tﬂ)) +

16 I°mSin[ons[t] - 6s[t]] Sin[qﬁ[t}}z) -r (-s+wlt]) -

1 1
" 12 (5m+4M-2mCos[ons[t] -6s[t]]) Sin[¢[t]] 65 [t] + 5 12 Cos[o[t]]
(mSin[2ens[t]] + (5m+4M) Sin[26s[t]] -4mSin[éens[t] +6s[t]])

1
o (t]| - Z 1°m (-1+2Cos[ens[t] -6s[t]]) Sin[¢[t]]

1
[— (-Cos[o[t] 12 (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +

16
I (-2ImSin[26ns[t]] +8 I mCos[ons[t]] Sin[es[tﬂ)) +
1
16 12 mSin(eons(t] - os[t]] Sin[¢[t]]?) ens'[t] + s (~Cos[o[t]]?

(I2 (8mCos[es[t]] Sin[éens[t]] -2 (5m+4M) Sin[26s[t]]) +
I (8ImCos[es[t]] Sin[ens[t]]-21 (5m+4M) Sin[293[t]])) -
16 I2mSin[ens[t] - 6s[t]] Sin[mt]]z) os’ [t] +

(1612 (3m+2M-2mCos[ens[t] -es[t]]) Cos[¢[t]] Sin[e[t]] +

(ool o

2Cos[o[t]] (-2017 (13m+6M) + 17 (14m+4M+mCos[2ens[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ons[t]] Sin[es[t]]) +
I (ImCos[2éens[t]] +1 (5m+4M) Cos[26s[t]] +

8ImSin[ens[t]] Sin[es[tﬂ)) Sin[qﬁ[t]}) <z>'[t]]] +

1
" (-Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns[t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[ées[t]]) +
I (ImCos[2ens[t]] +1 (5m+4M)Cos[26s[t]] +8ImSin[ens[t]]
Sin[es[t]])) +81% (3m+2M-2mCos[ens[t] -es[t]])

Sin[o(t]]?)

(—IzmSin[ens[t] -oes[t]] Sin[¢[t]] 65 [t] +
1
[7Z 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] +
1
s 12 (2mCos[26ns[t]] -4mCos[ons[t] +os[t]]) Cos[@[t}}] ¢>’[t})

1
r(-s+wlt]) + " 12 (5m+4M-2mCos[oens[t] -os[t]]) Sin[¢[t]]

Printed by Mathematica for Students



3D-4DOF-hipless-eqns.nb | 55

1
os’'[t] - s 12Cos[¢[t]] (mSin[26ns[t]] + (5m+4M) Sin[2es[t]] -

1
4mSinfens[t] +6s[t]]) ¢’ [t]] - 2 12m (-1+2Cos[ens[t] -os[t]])

1
Sin[¢[t]] 5 I2mSin[ons[t] -6s[t]] Sin[é[t]] ons’[t]? -

1 _ _ > 1
5 1mSin[ons[t] -os[t]] Sin[¢[t]] 68’ [t]° - 5 12m (-1+

1
2Cos[ons[t] -6s[t]]) Cos[p[t]] ons' [t] ¢ [t] + s 12 (mSin[2ons[t]] +

(5m+4M)Sin[26s[t]] -4mSin[ens[t] +es[t]]) Sin[¢[t]] <z>’[t]2+

1
os’[t] |-1PmSin[ens[t] -6s[t]] Sin[¢[t]] ens’[t] + n 12 (5m+4M-

1
2mCos[ens[t] -o6s[t]]) Cos[p[t]] - g 12 (2 (5m+4M) Cos[26s]

t]] -4mCos[ens[t] +os[t]]) Cos[p[t]]| ¢’ [T]

1
756 (~Cos[¢[t]]? (-212 (13m+6M) + 12 (14m+4M+mCos[26ns(t]] +
(5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[es[t]]) +

I (ImCos[26ns[t]] +1 (5m+4M) Cos[26s[t]] +8ImSin[ons[t]]

Sinfes[t]])) +8 1% (3m+2M-2mCos[ens[t] -6s[t]]) Sin[¢[t112)2

(—2 I2mSin[ens[t] -es[t]] 6s [t]? -4 I2mSin[ens[t] - 6S[t] ]
Sin[¢[t]]es’ [t]w [t] -2 |gImSin[Beta-ons[t]] +

1
= 1 (32ImCos[es[t]] Sin[ens[t]] -8ImSin[2ons[t]]) ¢’[t]2+

1 1
2 [Z 1°m (-1+2Cos[ens[t] -os[t]]) Cos[¢[t]] - s 12

(2mCos[26ns[t]] -4mCos[ens[t] +es[t]]) COS[cb[t]]] ¢ [t] W [t] +

1
6 (-Cos[o[t] 12 (17 (-2msSin[2ens[t]] +8mCos[ens[t]] Sin[es[t]]) +

1 (-2ImSin[2ens[t]] +8 1 mCos[ens[t]] Sin[@s[t}})) +

/

((4I2 (13m+6M) + 1 (=401 (7Tm+2M) +4ImCos[2ens[t]] +41 (-8mCos|

16 12 mSin[ens[t] - os[t]] Sin[¢[t]]?) w’[t]z]

ens[t]] Cos[es[t]] + (5m+4M) Cos[29$[t}})))2
(—Cos[du[t}]z (-217 (13m+6M) + 12 (14m+4M+mCos[2ens[t]] + (Em+4M)
Cos[26s([t]] +8mSin[ens[t]] Sin[es[t]]) + 1 (ImCos[26ns[t]] +
I (5m+4M) Cos[26s[t]] +8ImSin[éens[t]] Sin[es[tﬂ)) +

|/

(1Pm (-3m-4M+2mCos[2 (ens[t] -os[t])]) (—Cos[da[tﬂz (<217 (183m+6M) +
12 (14m+4M+mCos[26ns[t]] + (5m+4M) Cos[26s[t]] +8mSin[ens[t]] Sin[6s[t]]) +
1 (ImCos[26ns[t]] +1 (5m+4M) Cos[2@s[t}]+8ImSin[9ns[tHSin[es[t}}))+

812 (3m+2M-2mCos[ens[t] -6s[t]]) Sin[gb[t}]z)z)
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