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cos(thetal) -—sin(thetal) 0 O
sin(thetal) cos(thetal) 0 O
0
1

= (\
' 0 0 1 :
0 0 0
[cos(theta2) -sin(theta2) 0 L1
sin(theta2)  cos(theta2) 0 O
i | sintheta) - cos(theta?) "
0 0 1 0
i 0 0 0 1
[ cos(theta3) -cos(thetad)*sin(theta3) sin(theta3)*sin(thetad) L2
o 0 -sin(theta4) -cos(thetad) 0 )
¥ sin(theta3)  cos(theta3)*cos(thetad) -cos(theta3)*sin(thetad) 0
0 0 0 1



cos(thetab) -cos(theta6)*sin(thetab) sin(theta5)*sin(theta6) L3
sin(theta5)  cos(theta5)*cos(theta6)  -cos(thetad)-cos(theta5)*sin(theta6) 0O

T = . (¥)
0 sin(thetab) cos(theta6) 0
0 0 0 1
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(L1*cos(thetal))/2
Ir =1{ (L1*sin(thetal))/2 ®)
0

(L2*cos(thetal + theta2))/2 + L1*cos(thetal)
,I =1 (L2*sin(thetal + theta2))/2 + L1*sin(thetal) #)
0

L2*cos(thetal + theta?) + L1*cos(thetal) + (L3*cos(thetal + theta2)*cos(theta3))/2
.1 =9 L2*sin(thetal + theta2) + L1*sin(thetal) + (L3*sin(thetal + theta2)*cos(theta3))/2  (v)
(L3*sin(theta3))/2

o



(L4*(sin(theta5)*(sin(thetad)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))

- cos(thetad)*sin(theta3)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))) +
cos(theta3)*cos(thetab)*

(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))))/2 + L2*(cos(thetal)*cos(theta2)

- sin(thetal)*sin(theta2)) + L1*cos(thetal) + L3*cos(theta3)*(cos(thetal)*cos(theta2)

- sin(thetal)*sin(theta2))

L2*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal)) - (L4*(sin(theta5)*(sin(theta4)
*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2)) + cos(thetad)*sin(theta3)*(cos(thetal)

or =< [*sin(theta2) + cos(theta2)
*sin(thetal))) - cos(theta3)*cos(theta5)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))))
/2 + L1*sin(thetal)+ L3*cos(theta3)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))
(L4*(cos(theta5)*sin(theta3) + cos(theta3)*cos(thetad)*sin(thetas)))/2 + L3*sin(theta3)
\)
0l93k P2 35 50 s
-(L1*dthetal*sin(thetal))/2
Y =1 (L1*dthetal*cos(thetal))/2 @)

0

- dthetal*((L2*sin(thetal + theta2))/2 + L1*sin(thetal)) - (L2*dtheta2*sin(thetal + theta2))/2
=4 dthetal*((L2*cos(thetal + theta2))/2 + L1*cos(thetal)) + (L2*dtheta2*cos(thetal + theta2))/2 (V)

L2*cos(thetal + theta2) + L1*cos(thetal) + (L3*cos(thetal + theta2)*cos(theta3))/2
L2*sm(theta1 + theta2) + L1*sin(thetal) + (L3*sin(thetal + theta2)*cos(theta3))/2 )
(L3*sin(theta3))/2



(L4*(sin(theta5)*(sin(thetad)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))

- cos(thetad)*sin(theta3)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2)))

+ cos(theta3)*cos(thetab)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))))/2

+ L2*(cos(thetal)*cos(theta?) - sin(thetal)*sin(theta2)) + L1*cos(thetal) + L3*
cos(theta3)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))
L2*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal)) - (L4*(sin(theta5)*(sin(theta4)
*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2)) + cos(theta4)*sin(theta3)*(cos(thetal)
v 04 =< [*sin(theta2) + cos(theta2)*sin(thetal))) - cos(theta3)*cos(theta5)*(cos(thetal)*sin(theta2)
+ cos(theta2)*sin(thetal))))/2 + L1*sin(thetal) + L3*cos(theta3)*(cos(thetal)*sin(theta2)
+ cos(theta2)*sin(thetal))

(L4*(cos(theta5)*sin(theta3) + cos(theta3)*cos(thetad)*sin(thetas)))/2 + L3*sin(theta3)
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T 1= (m1*L1* *dthetal® *cos (thetal)®) / 8 + (m1* L1* *dthetal®

(\A)
*sin (thetal)?) / 8+ (m1* L12 *dthetal®) / 24

T 2 =(m2*(dthetal™ ((L 2*cos (thetal+theta2)) / 2 + L1*cos (thetal))
+(L 2*dtheta2*cos (thetal +theta2)) / 2)*) / 2 + (m 2* (dthetal*
((L2*sin(thetal+theta2))/2+ L1*sin(thetal)) + (L 2*dtheta2*

sin (thetal+theta?2))/2)?)/ 2+ (L 2> *m 2* (dthetal+dtheta2)?) / 24

(%)

T 3= (m3*(dthetal*(L2*cos(thetal + theta2) + L1*cos(thetal) + (L3*cos(thetal + theta2)
*cos(theta3))/2) +dtheta2* (L 2 *cos (thetal +theta2) + (L 3*cos (thetal +theta2) *

cos (theta3)) / 2) — (L 3*dtheta3*sin (thetal + theta2) *sin (theta3)) / 2)*) / 2+ (m3*
(dthetal*(L2*sin(thetal + theta2) + L1*sin(thetal) + (L3*sin(thetal + theta2)*
cos(theta3))/2) +dtheta2 * (L 2*sin (thetal + theta2) + (L 3*sin (thetal + theta2) *cos (theta3))
12) + (L 3*dtheta3*cos (thetal + theta?2) *sin (theta3)) / 2)*) / 2 + (L 3° *m 3* (dtheta3 —

cos (theta3) *sin (theta4) * (dthetal + dtheta?2))?) / 24 + (L 3° *dtheta3” * m 3*cos (theta3)?)
18+ (L 3* *m3*cos (theta3)® *cos (theta4)’ * (dthetal + dtheta2)?) / 24

(Y9



T 4 = (m4*(dtheta3*((L4*(cos(theta5)*sin(theta3)*(cos(thetal)*sin(theta2)

+ cos(theta2)*sin(thetal))+ cos(theta3)*cos(thetad4)*sin(theta5)*(cos(thetal)
*sin(theta2) + cos(theta2)*sin(thetal))))/2 + L3*sin(theta3)*(cos(thetal)*
sin(theta2) + cos(theta2)*sin(thetal))) - dtheta2*((L4*(sin(theta5)*(sin(theta4)
*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal)) - cos(thetad)*sin(theta3)*
(cos(thetal)*cos(theta?) - sin(thetal)*sin(theta2))) + cos(theta3)*cos(theta5)
*(cos(thetal)*cos(theta?)- sin(thetal)*sin(theta2))))/2 + L2*(cos(thetal)*
cos(theta2) - sin(thetal)*sin(theta2))+ L3*cos(theta3)*(cos(thetal)*cos(theta2)

- sin(thetal)*sin(theta2))) - dthetal*((L4*(sin(theta5)*(sin(thetad)*(cos(thetal)
*sin(theta2) + cos(theta2)*sin(thetal)) - cos(thetad)*sin(theta3)*(cos(thetal)
*cos(theta?) - sin(thetal)*sin(theta2))) + cos(theta3)*cos(theta5)*(cos(thetal)
*cos(theta?) - sin(thetal)*sin(theta2))))/2 + L2*(cos(thetal)*cos(theta2) -
sin(thetal)*sin(theta2)) + L1*cos(thetal)+ L3*cos(theta3)*(cos(thetal)*
cos(theta?) - sin(thetal)*sin(theta2))) + (L4*dtheta5*(cos(theta5)*(sin(theta4)
*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2)) + cos(thetad4)*sin(theta3)
*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))) + cos(theta3)*sin(thetab)
*(cos(thetal)*sin(theta?) + cos(theta2)*sin(thetal))))/2 + (L4*dthetad*sin(thetab)
*(cos(thetad)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2)) - sin(theta3)
*sin(thetad4)*(cos(thetal)*sin(theta2) +cos (theta2) *sin (thetal)))) / 2)?) / 2 +
(m4*(dthetal™ (L 2*(cos (thetal) *sin (theta2) +cos (theta2)*sin(thetal)) -
(L4*(sin(thetab)*(sin(thetad)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))
+ cos(thetad)*sin(theta3)*(cos(thetal)*sin(theta?) + cos(theta2)*sin(thetal)))

- cos(theta3)*cos(theta5)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))))/2
+ L1*cos(theta3)*(cos(thetal)*sin(theta2) + cos(theta2)*sin(thetal))) + dtheta3
*((L4*(cos(theta5)*sin(theta3)*(cos(thetal)*cos(theta2) - sin(thetal)*sin(theta2))

+ cos(theta3)*cos(thetad)*sin(theta5)*(cos(thetal)*cos(theta?) - sin(thetal)
*sin(theta))))/2 + L3*sin(theta3)*(cos(thetal)*cos(theta?) - sin(thetal)*
sin(theta2))) - (L4*dtheta5*(cos(thetab5)*(sin(thetad4)*(cos(thetal)*sin(theta2)

+ cos(theta2)*sin(thetal)) - cos(thetad)*sin(theta3)*(cos(thetal)*cos(theta2)

- sin(thetal)*sin(theta2))) - cos(theta3)*sin(thetab5)*(cos(thetal)*cos(theta2)

- sin(thetal)*sin(theta2))))/2 - (L4*dthetad*sin(theta5)*(cos(theta4)*(cos(thetal)
*sin(theta2) + cos(theta2) *sin (thetal)) + sin (theta3) *sin (theta4) * (cos (thetal)
*cos (theta2) —sin (thetal) *sin (theta2)))) / 2)?)/2 + (m4*((L4*dtheta5*
(sin(theta3)*sin(thetab) - cos(theta3)*cos(theta4)*cos(theta5)))/2- dtheta3*
((L4*(cos(theta3)*cos(theta5) - cos(thetad)*sin(theta3)*sin(thetab)))/2 + L3*
cos(theta3)) + (L 4*dtheta4 *cos (theta3) *sin (theta4) *sin (theta5)) / 2)?) / 2 +

(L 4% *m 4* (dtheta5 +cos (theta6)*(dtheta3 - cos(theta3)*sin(thetad4)*(dthetal

+ dtheta?)) + sin(theta5)*sin(theta6)*(dthetad + sin(theta3)*(dthetal + dtheta2))

- cos(theta3)*cos(theta4)*cos(theta5)*sin(theta6)*(dthetal+dtheta2))?) / 24 +
(L 4% *m 4* (sin (theta6) * (dtheta3 —cos (theta3) *sin (theta4) * (dthetal +dtheta?2))
- cos(theta6)*sin(theta5)*(dtheta4 + sin(theta3)*(dthetal + dtheta2)) + cos(theta3)
*cos(thetad) *cos (theta5) *cos (theta6) * (dthetal +dtheta2))?) / 24
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U,=0 (YF)
U,=0 (Y0)
U, = (L3*g*m3*sin(theta3))/2 (Y#)
U, = g*m4*((L4*(cos(theta5)*sin(theta3) + cos(theta3) )

*cos(thetad)*sin(theta5)))/2 + L3*sin(theta3))

aS (pisl,SY p an JISW bl eSS > sladdolas OS] Cawdds sl 1y gl pl 5, 5Y Seslos g,
gy ol iz jele (Sl 55 0 il SYde (6105 olai b Gallae

©(6,0) = k(6,6)—u(6) 28)
an oo Sty iz 3 93k 8 > sladlslae

doe ot (29)



ol ez adoleo ol ale ‘_,’S\..,l_i.o 695 9,90 40wl lail LIS slis I NX 1 SolopT d\ 4o as

g g0

00 060 00

Ailoas i lais! cule, jghaieas U(0) g K(0) T yo a5
B0 b glad Aol

Oygod S50 Gle e a4 Cond ) jale S 695k G (Solins dobie paslstn ol Sew 2

o 3 25 (S
F =M, (0)%+V,(6,0)+G,(6) 31)

&l cmmslin (L0 oy X g 050 )1y Slgy (2les e 2 oS Cenl (g )lisS 95 oy Fl o a8
(S50 oz Gple My(0) ok slad (slo el ol sl 2o 5,70 515 5 e Ltaled

@ dily loales Jolis o G, (0) 5 5,5 slad o ety anly sloales ol o, V, (6,0)

gl Jlagl yyakaly o5 5L da fads jo #dly sla slasl IS

r=J"(O)F 32)

] 00 AL gs ‘w‘{T} )‘).a‘ Uj—")l'er" 95"""" as. X 9 F uj—’>)LQ> QL°-"° ).) b J (9) @95‘) o° s

N



I\/Ill Iv|12 MlS I\/|14 M15 M16
|\/|21 Iv|22 M23 I\/|24 I\/|25 M26
M _ M31 M32 M33 M34 M35 M36
|\/|41 M42 M43 I\/|44 I\/|45 Iv|46
M 51 M 52 M 53 M 54 M 55 M 56 ™
_M61 M62 M63 M64 M65 M66_

M 11=(L12*m1)/3+ L1**m2+L1**m3+(L2°*m2)/3+L1**m4

+L2°*m3+L2°*m4+(L4°*m4)/3+ (L3 *m3*cos (theta3)?) / 3+

L 3% *m4*cos (theta3)” — (L 4° *m4*cos (theta5)®) / 3+ L1*L2*m 2

*cos(theta2) + 2*L1*L2*m3*cos(theta2) + 2*L1*L2*m4*cos(theta2)

+ L2*L.3*m3*cos(theta3) + 2* L 2* L 3*m 4 *cos (theta3) — (L4° *m 4

*cos (theta3)® *cos (thetad)?) / 3+ (L 4> *m 4*cos (theta3)? *cos (theta5)?)
/3+L1*L3*m3*cos (theta2) *cos (theta3) + 2*L1*L3*m4*cos (theta?2)

*cos (theta3) + L 2* L 4*m 4 *cos (theta3) *cos (theta5) + (L 4° *m4*

cos (theta3)® *cos (theta4)® *cos (theta5)®) / 3+ L 3* L 4*m 4 *cos (theta3)’

*cos (theta5) — L 2* L 4*m 4 *cos (theta4) *sin (theta3) *sin (theta5) + L1*L4*m 4
*sin(theta2)*sin(thetad)*sin(theta5) + L1*L4*md4*cos(theta2)*cos(theta3)
*cos(theta5) -(2* L 4> * m4*cos (theta3) *cos (theta4) *cos (thetas)

*sin (theta3) *sin (theta5)) / 3— L1* L 4*m 4 *cos (theta2)*cos(theta4)
*sin(theta3)*sin(thetab) - L3*L4*m4*cos(theta3)*cos(thetad)*sin(theta3)*sin(thetab) (V)

\Y



M 1= (L2°*m2)/3+L2°*m3+L2°*m4+ (L4 *m4)/3+ (L3 *m3*
cos (theta3)®) / 3+ L 3% *m4*cos (theta3)” — (L 4> *m 4 *cos (theta5)?)

/3 + (L1*L2*m2*cos(theta2))/2 + L1*L2*m3*cos(theta2) + L1
*L2*m4*cos(theta2) + L2*L3*m3*cos(theta3) + 2*L2*L3*m4

*cos (theta3) — (L 4% *m 4 *cos (theta3)” *cos (theta4)®) / 3

+(L 4**m4*cos (theta3)® *cos (theta5)?) / 3+ (L1*L3*m3*
cos(theta2)*cos(theta3))/2 + L1*L3*m4*cos(theta2)

*cos (theta3) + L 2* L 4*m 4*cos (theta3) *cos (theta5) + (L 4°

*m 4*cos (theta3)” *cos (theta4)” *cos (theta5)?) / 3+ L3

*_4*m4*cos (theta3)” *cos (theta5) — L 2* L 4* m 4*cos (theta4)
*sin(theta3)*sin(thetab) + (L1*L4*m4*sin(theta2)*sin(thetad)
*sin(theta5))/2 + (L1*L4*m4*cos(theta2)*cos(theta3)*cos(thetab))

12 —(2* L 4> *m4*cos (theta3) *cos (theta4) *cos (theta5) *sin (theta3)
*sin(theta5))/3 - (L1*L4*m4*cos(theta2)*cos(thetad)*sin(theta3)
*sin(theta5))/2 - L3*L4*m4*cos(theta3)*cos(thetad)*sin(theta3) *d)
*sin(thetab)

M 13 = (L4**m4*cos (theta3) *cos (theta4) *cos (thetab)* *sin (theta4)) / 4

—(L 4% *m4*cos (theta3) *sin (theta4)) /12 — (L 4% * m 4 *cos (theta3)
*cos(thetad)*sin(thetad))/4 - (L1*L3*m3*sin(theta2)*sin(theta3))

/2 —L1*L3*m4*sin (theta2) *sin (theta3) — (L 4° * m 4 *cos (theta5) *sin (theta3)
*sin(thetad)*sin(thetab))/4 - (L1*L4*m4*cos(theta5)*sin(theta2)

*sin(theta3))/2 - (L3*L4*m4*sin(theta3)*sin(theta4)*sin(thetab))

/2 — (L 3* *m3*cos (theta3) *sin (thetad)) /12 — (L1* L 4* m 4 *cos (theta3)
*cos(thetad)*sin(theta2)*sin(theta5))/2

*#)

M|, =-(L4*m4*(2*L4*sin(theta3) *cos (theta5)’ +2* L 4*cos (theta3)
*cos(thetad)*sin(thetab)*cos(thetab) - 2*L4*sin(theta3) + 3*L2

*cos(thetad)*sin(thetab) + 3*L1*cos(theta2)*cos(thetad)*sin(theta5) + (*v)
3*L3*cos(theta3)*cos(thetad)*sin(thetab) - 3*L1*sin(theta2)*
sin(theta3)*sin(theta4)*sin(theta5)))/6

'Y



M 15 = -(L4*md*(6*L2*cos(thetab)*sin(thetad) + 3*L4*cos(thetal)
*sin(thetad) + 6*L1*cos(theta2)*cos(theta5)*sin(theta4) + 6*L3*
cos(theta3)*cos(theta5)*sin(thetad) + L4*cos(theta3)*cos(thetab)

(¥A)
*sin(theta4) + 6*L1*cos(theta3)*sin(theta2)*sin(thetab) - L4*sin(theta3)
*sin(theta5)*sin(theta6) + L4*cos(theta3)*cos(thetad)*cos(thetab)
*sin(theta6) + 6*L1*cos(thetad)*cos(theta5)*sin(theta2)*sin(theta3)))/12
M ;=0 (*4)

M 01 = (L2°*m2)/3+L2°*m3+L2°*m4+(L4*°*m4)/3+(L3**m3*
cos (theta3)®) / 3+ L 3% *m4*cos (theta3)® — (L 4> * m 4 *cos (theta5)?)
/3 + (L1*L2*m2*cos(theta2))/2 + L1*L2*m3*cos(theta2) + L1*L2*m4*
cos (theta2) + L 2* L 3*m3*cos (theta3) + 2* L 2* L 3*m4*cos (theta3) — (L 4>
*m 4*cos (theta3)? *cos (theta4)?) / 3+ (L 4° * m 4 *cos (theta3)” *cos (theta5)?)
/3 + (L1*L3*m3*cos(theta2)*cos(theta3))/2 + L1*L3*m4*cos(theta2)*
cos (theta3) + L 2* L 4* m 4 *cos (theta3) *cos (theta5) + (L 4> *m 4 *cos (theta3)? (F+)
*cos (theta4)? *cos (theta5)?) / 3+ L 3* L 4*m 4 *cos (theta3)® *cos (theta5)

- L2*L4*m4*cos(thetad)*sin(theta3)*sin(theta5) + (L1*L4*m4*sin(theta2)
*sin(thetad)*sin(thetab))/2 + (L1*L4*m4*cos(theta2)*cos(theta3)
*cos (theta5)) / 2 — (2* L 4% * m 4 *cos (theta3) *cos (theta4) *cos (theta5)
*sin(theta3)*sin(thetab))/3 - (L1*L4*m4*cos(theta2)*cos(thetad)*sin(theta3)
*sin(thetab))/2 - L3*L4*m4*cos(theta3)*cos(thetad)*sin(theta3)*sin(thetab)

M 09 = (L2°*m2)/3+L2°*m3+L2°*m4+(L4°*m4)/3+(L3**m3*

cos (theta3)®) / 3+ L 3* *m4*cos (theta3)* — (L 4> *m4*cos (theta5)?) / 3+

L2*L3*m3*cos (theta3) + 2*L 2* L 3*m4*cos (theta3) — (L 4° * m 4*cos (theta3)’

*cos (theta4)?) / 3+ (L 4% *m 4 *cos (theta3)® *cos (theta5)?) / 3+ L2*L4*m 4

*cos (theta3) *cos (theta5) + (L 4° * m 4 *cos (theta3)” *cos (theta4)® (FY)
*cos (theta5)?) / 3+ L 3* L 4*m4*cos (theta3)> *cos (theta5) — L 2* L 4* m 4 *cos (theta4)

*sin (theta3) *sin (theta5) — (2* L 4> * m 4*cos (theta3) *cos (theta4)
*cos(thetab)*sin(theta3)*sin(thetab))/3 - L3*L4*m4*cos(theta3)*cos(theta4)
*sin(theta3)*sin(theta5)

\f



M 5 =—(sin(theta4) * (L 3 *m3*cos (theta3) + L 4 *m 4*cos (theta3) +

3*L 4> *m4*cos (theta3) *cos (thetad) + 3* L 4> * m 4 *cos (theta5) * sin (theta3)
*sin (theta5) + 6* L 3* L 4* m 4 *sin (theta3) *sin (theta5) —3* L 4° * m 4 *cos (theta3)
*cos (theta4) *cos (theta5)?)) /12

M ,, =—(L4*m4*(2*L4*sin (theta3) *cos (theta5)’ + 2* L 4*cos (theta3)
*cos(thetad)*sin(theta5)*cos(thetab) - 2*L4*sin(theta3) + 3*L.2*
cos(thetad)*sin(theta5) + 3*L3*cos(theta3)*cos(thetad)*sin(thetab)))/6

M o5 = -(L4*m4*(6*L2*cos(thetad)*sin(theta4) + 3*L4*cos(theta3)™
*sin(thetad) + 6*L3*cos(theta3)*cos(theta5)*sin(thetad) + L4*cos(theta3)
*cos(theta6)*sin(thetad) - L4*sin(theta3)*sin(theta5)*sin(theta6)

+ L4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta6)))/12

M26=0

M .. = (L 4% *m4*cos (theta3) *cos (theta4) *cos (theta5)? *sin (thetad)) / 4
31

—(L 4% *m4*cos (theta3) *sin (theta4)) /12 — (L 4° * m 4 *cos (theta3) *cos (theta4)
*sin(thetad))/4 - (L1*L3*m3*sin(theta2)*sin(thetal))/2 - L1*L3*m4*

sin (theta2) *sin (theta3) — (L 4> * m 4 *cos (theta5) * sin (theta3) * sin (theta4)
*sin(theta5))/4 - (L1*L4*m4*cos(thetab)*sin(theta2)*sin(theta3))/2
—(L3*L4*m4*sin(theta3)*sin (theta4) *sin (theta5)) / 2 — (L 3* * m 3*cos (theta3)
*sin(thetad))/12 - (L1*L4*m4*cos(theta3)*cos(thetad)*sin(theta2)*sin(thetab))/2

M 3o = —(sin(theta4)* (L 3* *m 3*cos (theta3) + L 4* *m 4 *cos (theta3)

+3* L 4° *m4*cos (theta3) *cos (theta4) + 3* L 4> * m 4*cos (theta5) * sin (theta3)
*sin (theta5) + 6* L 3* L 4* m 4 *sin (theta3) *sin (theta5) —3* L 4° * m 4 *cos (theta3)
*cos (theta4) *cos (theta5)*)) /12

M 45 =(L32*m3)/3+ L3 *m4+ (L4 *m4)/3+L3*L4*m4—(L4°

*m4*sin (theta4)” *sin (theta5)®) / 4 — 2*L3*L4*m4*sin(theta5/ 2)*

M 3= -(L4*md*sin(thetad)*sin(theta5)*(2*L3 + L4*cos(theta5)))/4

M ;¢ = (L4*ma*(3*L4*cos(thetad) + L4*cos(theta) + 6*L.3*
cos(thetad)*cos(theta5)))/12

Mg =0
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M 41 =—(L4*m4*(2*L 4%*sin(theta3)*cos (theta5)? + 2* L 4*cos (theta3)
*cos(thetad)*sin(thetab)*cos(theta5) - 2*L4*sin(theta3) + 3*L2*cos(thetad)
*sin(thetab) + 3*L1*cos(theta2)*cos(thetad)*sin(thetab) + 3*L3*cos(theta3)
*cos(thetad)*sin(thetab) - 3*L1*sin(theta2)*sin(theta3)*sin(thetad)*sin(theta5)))/6

M 42 = —(L4*m4*(2*L4*sin(theta3) *cos (theta5)® + 2* L 4 *cos (theta3) *
cos(thetad)*sin(theta5)*cos(thetab) - 2*L4*sin(theta3)
+ 3*L2*cos(thetad)*sin(thetab) + 3*L3*cos(theta3)*cos(thetad)*sin(thetab)))/6

M 43 = -(L4*md*sin(thetad)*sin(theta5)*(2*L3 + L4*cos(theta5)))/4

M ,, = (L4**m4=*sin(theta5)”) /3

M, = (L4?*m4*sin(theta5) *sin (theta6)) / 12

M =0

M 51 = -(L4*md*(6*L2*cos(theta5)*sin(thetad) + 3*L4*cos(theta3)*sin(thetad)
+ 6*L1*cos(theta2)*cos(thetab)*sin(theta4) + 6*L3*cos(theta3)*cos(thetab)

*sin(thetad) + L4*cos(theta3)*cos(theta6)*sin(theta4) + 6*L1*cos(theta3)
*sin(theta2)*sin(thetab) - L4*sin(theta3)*sin(theta5)*sin(theta6)

+ L4*cos(theta3)*cos(thetad)*cos(thetab)*sin(theta6) + 6*L1*cos(thetad)*cos(theta5)

*sin(theta2)*sin(thetal)))/12

M 5o = -(L4*m4*(6*L2*cos(theta5)*sin(thetad) + 3*L4*cos(theta3)*sin(thetad)
+ 6*L.3*cos(theta3)*cos(thetab)*sin(thetad) + L4*cos(theta3)*cos(thetab)
*sin(thetad) - L4*sin(theta3)*sin(theta5)*sin(theta6) + L4*cos(theta3)*cos(theta4)
*cos(theta5)*sin(theta6)))/12

M ¢, = (L4*m4*(3*L4*cos(thetad) + L4*cos(thetas) +
6*L3*cos(thetad)*cos(theta5)))/12

M ¢, = (L4?*m4*sin(theta5) *sin (theta6)) / 12
M .- =(L4**m4)/3
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Mg, =0 (#0)
Mg;=0 %%)
Mg, =0 %)
Mg =0 ¢A)
M g5 =0 #4)

f 1

f 2

f
f =3 V)

f 4

f 5

f 6
f,= vY)
L3"2*dtheta3”"2*m3*sin(theta3)*sin(theta4))/12 + )
(L4"2*dtheta3"2*m4*sin(theta3)*sin(theta4))/12 -
(L1*L2*dtheta2"2*m2*sin(theta2))/2 - L1*L2*dtheta2"2*m3*sin(theta2) -

L1*L2*dtheta2*2*m4*sin(theta2) + (7*L4"2*dtheta3*dthetad*m4*cos(theta3))/12
- (2*L3"2*dthetal*dtheta3*m3*cos(theta3)*sin(theta3))/3 -
(2*L3"2*dtheta2*dtheta3*m3*cos(theta3)*sin(theta3))/3 -
2*L.3"2*dthetal*dtheta3*m4*cos(theta3)*sin(theta3)

2*L.3"2*dtheta2*dtheta3*m4*cos(theta3)*sin(theta3) +
(2*L4"2*dthetal*dtheta5*m4*cos(theta5)*sin(theta5))/3 +
(2*L4"2*dtheta2*dtheta5*m4*cos(theta5)*sin(theta5))/3 +
(L4"2*dtheta3*dtheta5*m4*sin(theta3)*sin(theta4))/2 -
L1*L2*dthetal*dtheta2*m2*sin(theta2) -
2*L1*L2*dthetal*dtheta2*m3*sin(theta2) -
2*L1*L2*dthetal*dtheta2*m4*sin(theta2) -
L2*L3*dthetal*dtheta3*m3*sin(theta3) - L2*L3*dtheta2*dtheta3*m3*sin(theta3)
- 2*L.2*L.3*dthetal*dtheta3*m4*sin(theta3) -
2*L.2*L.3*dtheta2*dtheta3*m4*sin(theta3) -

VY



(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(thetad)"2)/2
(7*L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(theta5)"2)/12
(L4"2*dtheta3"2*m4*cos(thetad)*sin(theta3)*sin(thetad))/4
(L4"2*dtheta5"2*m4*cos(thetab)*sin(theta3)*sin(theta6))/12
(L1*L3*dtheta2"2*m3*cos(theta3)*sin(theta2))/2
(L1*L3*dtheta3"2*m3*cos(theta3)*sin(theta2))/2
L1*L3*dtheta2"2*m4*cos(theta3)*sin(theta2)
L1*L3*dtheta3"2*m4*cos(theta3)*sin(theta2)
(L3"2*dtheta3*dthetad*m3*cos(theta3)*cos(theta4))/12
(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(theta4))/12
(L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(theta4))/12
(L2*L4*dthetad"2*m4*sin(thetad)*sin(theta5))/2
(L2*L4*dtheta5"2*m4*sin(thetad4)*sin(thetab))/2
(L4N2*dtheta3”2*m4*cos(thetad)*cos(theta5)*2*sin(theta3)*sin(theta4))/4
(2*L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(theta4)*cos(theta5)"2)/3
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)*2*sin(theta3))/3
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(theta5)*2*sin(theta3))/3
theta2*dtheta3*m4*cos(theta3)*cos(theta sin(theta
2*L4"2*dtheta2*dtheta3*m4* heta3)* heta4)"2*sin(theta3))/3
(2*L4"2*dthetal*dthetad*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3
theta2*dtheta3*m4*cos(theta3)*cos(theta sin(theta
(2*L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(theta5)"2*sin(theta3))/3
theta2*dthetad*m4*cos(theta cos(thetad)*sin(theta.
2*L4"2*dtheta2*dthetad*m4* heta3)"2* hetad)*sin(theta4))/3
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*2*cos(theta5)*sin(thetab))/3
theta2*dtheta5*m4*cos(theta cos(theta5)*sin(theta
2*L4"2*dtheta2*dtheta5*m4* heta3)"2* heta5)*sin(theta5))/3
(L4"2*dtheta3*dtheta5*m4*cos(theta5)"2*sin(theta3)*sin(theta4))/2
L3*L4*dthetal*dtheta5*m4*cos(theta3)*2*sin(theta5)
L3*L4*dtheta2*dtheta5*m4*cos(theta3)"*2*sin(theta5)
(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(theta4)”2*cos(theta5)"2)/2
theta m4*cos(theta3)*cos(theta5)*sin(thetad)*sin(theta
(L472*dtheta3"2*m4*cos(theta3)*cos(theta5)*sin(thetad)*sin(theta5))/4
(L4"2*dthetad"2*m4*cos(theta3)*cos(theta5)*sin(thetad4)*sin(theta5))/3
(L4N2*dtheta5"2*m4*cos(theta3)*cos(thetad)*sin(thetab)*sin(theta6))/12
(L1*L4*dtheta2”*2*m4*cos(theta3)*cos(theta5)*sin(theta2))/2
(L1*L4*dtheta3”2*m4*cos(theta3)*cos(thetab)*sin(theta2))/2
(L1*L4*dtheta5"2*m4*cos(theta3)*cos(theta5)*sin(theta2))/2
(L4n2*dthetad*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta6))/12
(L1*L4*dtheta2"2*m4*cos(theta2)*sin(theta4)*sin(theta5))/2
(L1*L4*dthetad"2*m4*cos(theta2)*sin(thetad)*sin(theta5))/2
(L1*L4*dtheta5*2*m4*cos(theta2)*sin(thetad)*sin(theta5))/2
(L3*L4*dtheta3"2*m4*cos(theta3)*sin(theta4)*sin(theta5))/2
(L3*L4*dthetad"2*m4*cos(theta3)*sin(thetad)*sin(thetas))/2
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(L3*L4*dtheta5*2*m4*cos(theta3)*sin(thetad4)*sin(thetas))/2
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(2*L4"2*dthetal*dtheta3*m4*cos(theta4)*cos(theta5)*sin(theta5))/3
(2*L4"2*dtheta2*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta5))/3
L2*L4*dthetad*dtheta5*m4*cos(theta4)*cos(theta5)
(L4"2*dtheta3*dtheta5*m4*cos(theta6)*sin(theta3)*sin(theta4))/12
(L4"2*dtheta3*dtheta5*m4*cos(theta3)*sin(theta5)*sin(theta6))/12
(2*L4"2*dthetad*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta5))/3
(L4"2*dtheta5*dtheta6*m4*cos(theta3)*sin(theta4)*sin(theta6))/12
(L4"2*dtheta5*dtheta6*m4*cos(theta6)*sin(theta3)*sin(theta5))/12 -
L1*L3*dthetal*dtheta2*m3*cos(theta3)*sin(theta2) -
L1*L3*dthetal*dtheta3*m3*cos(theta2)*sin(theta3) -
L1*L3*dtheta2*dtheta3*m3*cos(theta2)*sin(thetad) -
2*L.1*L.3*dthetal*dtheta2*m4*cos(theta3)*sin(theta2) -
2*L.1*L3*dthetal*dtheta3*m4*cos(theta2)*sin(theta3) -
2*L.1*L.3*dtheta2*dtheta3*m4*cos(theta2)*sin(theta3) -
L2*L4*dthetal*dtheta3*m4*cos(theta5)*sin(theta3) -
L2*L4*dtheta2*dtheta3*m4*cos(theta5)*sin(theta3) -
L2*L4*dthetal*dtheta5*m4*cos(theta3)*sin(thetab) -
L2*L4*dtheta2*dtheta5*m4*cos(theta3)*sin(theta5) +
L3*L4*dthetal*dtheta3*m4*cos(thetad)*sin(thetab) +
L3*L4*dtheta2*dtheta3*m4*cos(theta4)*sin(theta5) -
(4*L4"2*dthetal*dtheta3*m4*cos(theta3)"2*cos(thetad)*cos(theta5)*sin(theta5))/
3 -
(4*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*2*sin(theta3))/
3 -
(4*L4"2*dtheta2*dtheta3*m4*cos(theta3)"2*cos(theta4)*cos(theta5)*sin(thetab))/
3 -
(4*L4N2*dtheta2*dtheta5*m4*cos(theta3)*cos(theta4)*cos(theta5)2*sin(theta3))/
3 - 2*L3*L4*dthetal*dtheta3*m4*cos(theta3)"2*cos(thetad)*sin(theta5) -
2*L.3*L4*dtheta2*dtheta3*m4*cos(theta3)"2*cos(thetad)*sin(thetab) -
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)"2*cos(thetab)2*sin(theta3
))/3 -
(2*L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*2*cos(theta5)*2*sin(theta3
))/3 -
(2*L4"2*dthetal*dthetad*m4*cos(theta3)"2*cos(thetad)*cos(theta5)"2*sin(thetad
)3 -
(2*L4N2*dtheta2*dthetad*m4*cos(theta3)*2*cos(thetad)*cos(theta5)"2*sin(thetad
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))/3 -
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*2*cos(thetad)"2*cos(thetab)*sin(thetab
))/3 -
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)"2*cos(thetad)2*cos(thetab)*sin(thetab
)3 -
(L4"2*dtheta5*dtheta6*m4*cos(theta3)*cos(thetad)*cos(theta5)*cos(theta6))/12 -
L1*L4*dthetad*dtheta5*m4*cos(theta2)*cos(theta4)*cos(thetab) -
L3*L4*dthetad*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)
(L1*L4*dtheta2"2*m4*cos(thetad)*sin(theta2)*sin(theta3)*sin(theta5))/2
(L1*L4*dtheta3"2*m4*cos(thetad)*sin(theta2)*sin(theta3)*sin(thetab))/2
(L1*L4*dthetad"2*m4*cos(thetad)*sin(theta2)*sin(theta3)*sin(theta’s))/2
(L1*L4*dtheta5"2*m4*cos(thetad)*sin(theta2)*sin(theta3)*sin(theta5))/2
(L4"2*dtheta3*dthetad*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta5))/12
(L4"2*dtheta3*dtheta5*m4*cos(thetad)*cos(thetab)*sin(theta3)*sin(theta6))/12
(L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(thetab)*sin(thetad)*sin(theta6))/12
L1*L4*dthetal*dtheta2*m4*cos(theta3)*cos(theta5)*sin(theta2) -
L1*L4*dthetal*dtheta3*m4*cos(theta2)*cos(theta5)*sin(theta3) -
L1*L4*dtheta2*dtheta3*m4*cos(theta2)*cos(theta5)*sin(theta3) -
L1*L4*dthetal*dtheta5*m4*cos(theta2)*cos(theta3)*sin(thetab) -
L1*L4*dtheta2*dtheta5*m4*cos(theta2)*cos(theta3)*sin(thetab) -
L2*L4*dthetal*dtheta3*m4*cos(theta3)*cos(theta4)*sin(thetab) -
L2*L4*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*sin(thetab) -
L2*L4*dthetal*dtheta5*m4*cos(theta4)*cos(theta5)*sin(theta3) -
L2*L4*dtheta2*dtheta5*m4*cos(theta4)*cos(theta5)*sin(theta3)
2*L.3*L4*dthetal*dtheta3*m4*cos(theta3)*cos(thetab)*sin(theta3)
2*L3*L4*dtheta2*dtheta3*m4*cos(theta3)*cos(theta5)*sin(theta3)
L1*L4*dthetal*dtheta2*m4*cos(theta2)*sin(thetad4)*sin(thetab)
L1*L4*dthetal*dthetad*m4*cos(thetad)*sin(theta2)*sin(thetab)
L1*L4*dthetal*dtheta5*m4*cos(theta5)*sin(theta2)*sin(thetas)
L1*L4*dtheta2*dthetad*m4*cos(thetad)*sin(theta2)*sin(thetab)
L1*L4*dtheta2*dtheta5*m4*cos(theta5)*sin(theta2)*sin(theta4)
L1*L4*dtheta3*dtheta5*m4*sin(theta2)*sin(theta3)*sin(theta5)
L2*L4*dthetal*dthetad*m4*sin(theta3)*sin(theta4)*sin(thetab)
L2*L4*dtheta2*dthetad*m4*sin(theta3)*sin(thetad4)*sin(theta5) -
(L4"2*dtheta3*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(thetad)*sin(th
etas))/2 -
L1*L4*dthetal*dtheta3*m4*cos(theta2)*cos(theta3)*cos(thetad)*sin(thetab)
L1*L4*dtheta2*dtheta3*m4*cos(theta2)*cos(theta3)*cos(thetad)*sin(thetab)
L1*L4*dthetal*dtheta5*m4*cos(theta2)*cos(theta4)*cos(theta5)*sin(theta3)
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L1*L4*dtheta2*dtheta5*m4*cos(theta2)*cos(thetad)*cos(theta5)*sin(theta3) -
L1*L4*dtheta3*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta2) -
L3*L4*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta3) -
L3*L4*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta3) +
(2*L4"2*dthetal*dthetad*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(

thetab))/3 +
(2*L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(
thetab))/3 +

L1*L4*dthetal*dtheta2*m4*cos(theta4)*sin(theta2)*sin(theta3)*sin(thetab)
L1*L4*dthetal*dthetad*m4*cos(theta2)*sin(theta3)*sin(theta4)*sin(theta5)
L1*L4*dtheta2*dthetad*m4*cos(theta2)*sin(theta3)*sin(theta4)*sin(theta5)
L1*L4*dtheta3*dthetad*m4*cos(theta3)*sin(theta2)*sin(theta4)*sin(thetab)
L1*L4*dthetad*dtheta5*m4*cos(theta5)*sin(theta2)*sin(theta3)*sin(theta4)
L3*L4*dthetal*dthetad*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(thetab)

(L3*L4*dtheta2*dthetad*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(theta5

+ + + + + +

f,= vY)
L3"2*dtheta3"2*m3*sin(theta3)*sin(theta4))/12 + )
(L4"2*dtheta3"2*m4*sin(theta3)*sin(theta4))/12 +

(L1*L2*dthetal"2*m2*sin(theta2))/2 + L1*L2*dthetal*2*m3*sin(theta2) +
L1*L2*dthetal*2*m4*sin(theta2) + (7*L4"2*dtheta3*dthetad*m4*cos(theta3))/12
- (2*L3"2*dthetal*dtheta3*m3*cos(theta3)*sin(theta3))/3 -
(2*L3"2*dtheta2*dtheta3*m3*cos(theta3)*sin(theta3))/3 -
2*L.3"2*dthetal*dtheta3*m4*cos(theta3)*sin(theta3) -
2*L.3"2*dtheta2*dtheta3*m4*cos(theta3)*sin(theta3)
(2*L4"2*dthetal*dtheta5*m4*cos(theta5)*sin(theta5))/3
(2*L4"2*dtheta2*dtheta5*m4*cos(theta5)*sin(theta5))/3
(L4"2*dtheta3*dtheta5*m4*sin(theta3)*sin(theta4))/2 -
L2*L3*dthetal*dtheta3*m3*sin(theta3) - L2*L3*dtheta2*dtheta3*m3*sin(theta3)
- 2*L.2*L.3*dthetal*dtheta3*m4*sin(theta3) -
2*L.2*L.3*dtheta2*dtheta3*m4*sin(theta3) -
(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(thetad)"2)/2
(7*L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(theta5)"2)/12
(L4n2*dtheta3"2*m4*cos(thetad)*sin(theta3)*sin(theta4))/4
(L4"2*dtheta5"2*m4*cos(theta5)*sin(theta3)*sin(theta6))/12
(L1*L3*dthetal*2*m3*cos(theta3)*sin(theta2))/2
L1*L3*dthetal*2*m4*cos(theta3)*sin(theta2) -

+ + +

+ + + +

R



(L3"2*dtheta3*dthetad*m3*cos(theta3)*cos(theta4))/12
(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(thetad))/12
(L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(theta4))/12
(L2*L4*dthetad"2*m4*sin(thetad)*sin(theta5))/2
(L2*L4*dtheta5"2*m4*sin(thetad)*sin(theta5))/2
(L4"2*dtheta3"2*m4*cos(thetad)*cos(theta5)*2*sin(theta3)*sin(theta4))/4
(2*L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(theta4)*cos(theta5)”"2)/3
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad4)"2*sin(theta3))/3
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(theta5)*2*sin(theta3))/3
(2*L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*2*sin(theta3))/3
(2*L4"2*dthetal*dthetad*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3
(2*L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(theta5)*2*sin(theta3))/3
(2*L4"2*dtheta2*dthetad*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*2*cos(theta5)*sin(thetab))/3
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)*2*cos(theta5)*sin(thetab))/3
(L4"2*dtheta3*dtheta5*m4*cos(theta5)"2*sin(theta3)*sin(theta4))/2
L3*L4*dthetal*dtheta5*m4*cos(theta3)"2*sin(thetab)
L3*L4*dtheta2*dtheta5*m4*cos(theta3)"2*sin(thetab)
(L4"2*dtheta3*dthetad*m4*cos(theta3)*cos(thetad)2*cos(thetas)"2)/2
(L4"2*dtheta3”2*m4*cos(theta3)*cos(thetab)*sin(thetad)*sin(thetab))/4
(L4"2*dthetad"2*m4*cos(theta3)*cos(theta5)*sin(thetad)*sin(theta5))/3
(L4N2*dtheta5"2*m4*cos(theta3)*cos(thetad)*sin(theta5)*sin(theta6))/12
(L1*L4*dthetal*2*m4*cos(theta3)*cos(theta5)*sin(theta2))/2
(L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta6))/12
(L1*L4*dthetal*2*m4*cos(theta2)*sin(theta4)*sin(theta5))/2
(L3*L4*dtheta3*2*m4*cos(theta3)*sin(thetad)*sin(theta5))/2
(L3*L4*dthetad"2*m4*cos(theta3)*sin(theta4)*sin(theta5))/2
(L3*L4*dtheta5"2*m4*cos(theta3)*sin(theta4)*sin(theta5))/2
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(theta4)*sin(theta3))/3
(2*L4N2*dthetal*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta5))/3
(2*L4"2*dtheta2*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta5))/3
L2*L4*dthetad*dtheta5*m4*cos(theta4)*cos(thetab)
(L4n2*dtheta3*dtheta5*m4*cos(theta6)*sin(theta3)*sin(theta4))/12
(L4"2*dtheta3*dtheta5*m4*cos(theta3)*sin(theta5)*sin(theta6))/12
(2*L4N2*dthetad*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta5))/3
(L4"2*dtheta5*dtheta6*m4*cos(theta3)*sin(theta4)*sin(theta6))/12
(L4"2*dtheta5*dtheta6*m4*cos(theta6)*sin(theta3)*sin(thetab))/12
L2*L4*dthetal*dtheta3*m4*cos(theta5)*sin(theta3)

Yy
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L2*L4*dtheta2*dtheta3*m4*cos(theta5)*sin(theta3) -
L2*L4*dthetal*dtheta5*m4*cos(theta3)*sin(thetab) -
L2*L4*dtheta2*dtheta5*m4*cos(theta3)*sin(theta5) +
L3*L4*dthetal*dtheta3*m4*cos(theta4)*sin(theta5) +
L3*L4*dtheta2*dtheta3*m4*cos(theta4)*sin(theta5) -
(4*L4"2*dthetal*dtheta3*m4*cos(theta3)"2*cos(thetad)*cos(theta5)*sin(thetab))/
3 -
(4*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*2*sin(theta3))/
3 -
(4*L4"2*dtheta2*dtheta3*m4*cos(theta3)*2*cos(thetad)*cos(thetab)*sin(thetab))/
3 -
(4*L4N2*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*2*sin(theta3))/
3 - 2*L3*L4*dthetal*dtheta3*m4*cos(theta3)"2*cos(thetad)*sin(theta5) -
2*L.3*L4*dtheta2*dtheta3*m4*cos(theta3)*2*cos(thetad)*sin(theta5) -
(2*L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)*2*cos(theta5)"2*sin(theta3
))/3 -
(2*L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)"2*cos(thetab)2*sin(theta3
))/3 -
(2*L4"2*dthetal*dthetad*m4*cos(theta3)"2*cos(thetad)*cos(theta5)"2*sin(thetad
N/3 -
(2*L4"2*dtheta2*dthetad*m4*cos(theta3)"2*cos(thetad)*cos(theta5)"2*sin(thetad
)3 -
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)"2*cos(thetad)2*cos(thetab)*sin(thetab
))/3 -
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)*2*cos(theta4)2*cos(thetab)*sin(thetab
))/3 -
(L4"2*dtheta5*dtheta6*m4*cos(theta3)*cos(thetad)*cos(thetab)*cos(theta6))/12 -
L3*L4*dthetad*dtheta5*m4*cos(theta3)*cos(thetad)*cos(thetab) -
(L1*L4*dthetal”2*m4*cos(thetad)*sin(theta2)*sin(theta3)*sin(thetab))/2

(L4"2*dtheta3*dthetad*m4*cos(thetad)*cos(thetab)*sin(theta3)*sin(theta5))/12
(L4n2*dtheta3*dtheta5*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta6))/12
(L4"2*dthetad*dtheta5*m4*cos(theta3)*cos(theta5)*sin(theta4)*sin(theta6))/12
L2*L4*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)*sin(thetab) -
L2*L4*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*sin(thetas) -
L2*L4*dthetal*dtheta5*m4*cos(theta4)*cos(theta5)*sin(theta3) -
L2*L4*dtheta2*dtheta5*m4*cos(thetad)*cos(theta5)*sin(theta3) -
2*L.3*L4*dthetal*dtheta3*m4*cos(thetad)*cos(thetab)*sin(theta3) -
2*L.3*L4*dtheta2*dtheta3*m4*cos(theta3)*cos(thetab)*sin(thetad) +
L2*L4*dthetal*dthetad*m4*sin(theta3)*sin(thetad)*sin(thetab) +

Yy
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L2*L4*dtheta2*dthetad*m4*sin(theta3)*sin(theta4)*sin(theta5) -
(L4"2*dtheta3*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(thetad)*sin(th
etab))/2 -
L3*L4*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta3) -
L3*L4*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta3) +
(2*L4"2*dthetal*dthetad*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(

theta5))/3 +
(2*L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(theta5)*sin(theta3)*sin(thetad)*sin(
theta5))/3 +

L3*L4*dthetal*dthetad*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(theta5) +
(L3*L4*dtheta2*dthetad*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(thetad

f 3= (V¥)

L3*g*m3*cos(theta3))/2 + L3*g*m4*cos(theta3) + L3*L4*ddtheta3*m4 + )

(L2*L3*dthetal*2*m3*sin(thetald))/2 + (L2*L3*dtheta2”"2*m3*sin(theta3))/2 +
L2*L3*dthetal®2*m4*sin(theta3) +  L2*L3*dtheta2"2*m4*sin(theta3) -
(L4"2*dthetal*dthetad*m4*cos(theta3))/12 -
(L4"2*dtheta2*dthetad*m4*cos(theta3))/12
(L4N2*dtheta5*dtheta6*m4*sin(theta6))/12
(L4*g*md*cos(theta3)*cos(theta5))/2 - 2*L3*L4*ddtheta3*m4*cos(thetas/2)"2
L3*L4*ddtheta3*m4*cos(theta5)
(L3"2*dthetal”2*m3*cos(theta3)*sin(theta3))/3
(L3"2*dtheta2”*2*m3*cos(theta3)*sin(theta3))/3
L3"2*dthetal”"2*m4*cos(theta3)*sin(theta3)
L3"2*dtheta2”*2*m4*cos(theta3)*sin(thetad)
(2*L3"2*dthetal*dtheta2*m3*cos(theta3)*sin(theta3))/3
2*L.3"2*dthetal*dtheta2*m4*cos(theta3)*sin(theta3)
(L4"2*dtheta3*dthetad*m4*cos(theta4)*sin(theta4))/2
(L4"2*dtheta3*dtheta5*m4*cos(theta5)*sin(theta5))/2
L2*L3*dthetal*dtheta2*m3*sin(theta3)
2*L2*L3*dthetal*dtheta2*m4*sin(theta3)
L3*L4*dtheta3*dtheta5*m4*sin(theta5) -
(L4*g*md*cos(thetad)*sin(theta3)*sin(theta5))/2 -
(L4"2*dthetal”2*m4*cos(theta3)*cos(thetad)*2*sin(theta3))/3 +
(L4"2*dthetal”2*m4*cos(theta3)*cos(theta5)*2*sin(theta3))/3 -
(L4n2*dtheta2”*2*m4*cos(theta3)*cos(thetad)"2*sin(theta3))/3 +
(L4"~2*dtheta2”"2*m4*cos(theta3)*cos(thetab)2*sin(theta3))/3 -

+ + + + + + + +

+ +
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(L4"2*dthetal*dthetad*m4*cos(theta3)*cos(thetad)"2)/2
(L4"2*dthetal*dthetad*m4*cos(theta3)*cos(theta5)"2)/12
(L4n2*dtheta2*dthetad*m4*cos(theta3)*cos(theta4)"2)/2
(L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(theta5)"2)/12
(L4"2*dthetad*dtheta5*m4*cos(theta5)*2*sin(theta4))/2
(L4"2*dthetal”2*m4*cos(thetad)*cos(thetab)*sin(theta5))/3
(L4"2*dtheta2”2*m4*cos(thetad)*cos(thetab)*sin(thetab))/3
(L4"2*dthetad"2*m4*cos(thetad)*cos(thetab)*sin(theta5))/4
(L1*L3*dthetal*2*m3*cos(theta2)*sin(theta3))/2
L1*L3*dthetal*2*m4*cos(theta2)*sin(theta3)
(L2*L4*dthetal*2*m4*cos(thetab)*sin(theta3))/2
(L2*L4*dtheta2"2*m4*cos(theta5)*sin(theta3))/2
(L3*L4*dthetal*2*m4*cos(thetad)*sin(theta5))/2
(L3*L4*dtheta2"2*m4*cos(thetad)*sin(theta5))/2
(L3*L4*dthetad"2*m4*cos(thetad)*sin(theta5))/2
(L3*L4*dtheta5"2*m4*cos(thetad)*sin(thetab))/2
(L3"2*dthetal*dthetad*m3*cos(theta3)*cos(theta4))/12
theta2*dthetad*m3*cos(theta3)*cos(theta.
L3"2*dtheta2*dthetad*m3* heta3)* heta4))/12
(L4"2*dthetal*dthetad*m4*cos(theta3)*cos(theta4))/12
theta2*dthetad*m4*cos(theta3)*cos(theta.
(L4n2*dtheta2*dthetad*m4*cos(theta3)*cos(theta4))/12
theta m4*cos(theta cos(thetad)*cos(theta5)*sin(theta
2*L4"2*dthetal"2*m4* heta3)"2* hetad)* heta5)*sin(theta5))/3
(2*L4"2*dtheta2”2*m4*cos(theta3)*2*cos(theta4)*cos(theta5)*sin(theta5))/3
L3*L4*dthetal*2*m4*cos(theta3)"2*cos(theta4)*sin(theta5)
L3*L4*dtheta2”*2*m4*cos(theta3)"2*cos(theta4)*sin(theta5)
thetal*dtheta2*m4*cos(theta3)*cos(theta sin(theta
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(thetad)"2*sin(theta3))/3
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(theta5)*2*sin(theta3))/3
(L4"2*dtheta3*dthetad*m4*cos(thetad)*cos(theta5)*2*sin(theta4))/2
theta3*dtheta5*m4*cos(theta cos(thetab)*sin(theta
(L4n2*dtheta3*dtheta5*m4*cos(thetad4)"2*cos(theta5)*sin(theta5))/2
(L4"2*dthetal*dtheta5*m4*cos(theta5)"2*sin(theta3)*sin(theta4))/2
(L4"2*dtheta2*dtheta5*m4*cos(theta5)*2*sin(theta3)*sin(theta4))/2
(L4n2*dthetal*2*m4*cos(theta3)*cos(thetad)2*cos(theta5)"2*sin(theta3))/3
(L4"2*dtheta2”*2*m4*cos(theta3)*cos(thetad)2*cos(theta5)"2*sin(theta3))/3
thetal*dthetad*m4*cos(theta3)*cos(theta. cos(theta
(L4n2*dthetal*dthetad*m4*cos(theta3)*cos(theta4)*2*cos(theta5)"2)/2
(L4n2*dtheta2*dthetad*m4*cos(theta3)*cos(thetad4)*2*cos(theta5)"2)/2
(L1*L4*dthetal”2*m4*cos(theta2)*cos(theta5)*sin(theta3))/2
(L2*L4*dthetal*2*m4*cos(theta3)*cos(thetad)*sin(theta5))/2
(L2*L4*dtheta2”2*m4*cos(theta3)*cos(thetad)*sin(thetab))/2
L3*L4*dthetal*2*m4*cos(theta3)*cos(theta5)*sin(thetad)
L3*L4*dtheta2”*2*m4*cos(theta3)*cos(thetab)*sin(theta3)
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(2*L4"2*dthetal*dtheta2*m4*cos(theta4)*cos(theta5)*sin(theta5))/3 -
(L4"2*dthetal*dtheta5*m4*cos(theta6)*sin(theta3)*sin(theta4))/12 -
(L4"2*dthetal*dtheta5*m4*cos(theta3)*sin(theta5)*sin(theta6))/12 -
(L4"2*dtheta2*dtheta5*m4*cos(theta6)*sin(theta3)*sin(theta4))/12 -
(L4"2*dtheta2*dtheta5*m4*cos(theta3)*sin(theta5)*sin(theta6))/12 +
L2*L4*dthetal*dtheta2*m4*cos(theta5)*sin(theta3) -
L3*L4*dthetal*dtheta2*m4*cos(theta4)*sin(theta5) -
L3*L4*dthetad*dtheta5*m4*cos(theta5)*sin(theta4) +
(4*L4N2*dthetal*dtheta2*m4*cos(theta3)*2*cos(theta4)*cos(theta5)*sin(thetab))/
3 + 2*L3*L4*dthetal*dtheta2*m4*cos(theta3)"2*cos(thetad)*sin(theta5) +
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(thetad)"2*cos(theta5)"2*sin(theta3
N/3 + (L1*L4*dthetal”2*m4*cos(theta2)*cos(theta3)*cos(thetad)*sin(thetab))/2 -
(7*L4"2*dthetal*dthetad*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta5))/12
(7*L4"2*dtheta2*dthetad*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta5))/12
- (L4"2*dthetal*dtheta5*m4*cos(thetad)*cos(thetab)*sin(theta3)*sin(theta6))/12 -
(L4N2*dtheta2*dtheta5*m4*cos(thetad)*cos(thetab)*sin(theta3)*sin(theta6))/12 +
L2*L4*dthetal*dtheta2*m4*cos(theta3)*cos(thetad)*sin(theta5) +
2*L.3*L4*dthetal*dtheta2*m4*cos(theta3)*cos(theta5)*sin(theta3) -
L3*L4*dthetal*dthetad*m4*cos(thetad)*sin(theta3)*sin(thetab) -
L3*L4*dthetal*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta4) -
L3*L4*dtheta2*dthetad*m4*cos(thetad)*sin(theta3)*sin(theta5) -
L3*L4*dtheta2*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta4) -
(L4~2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(thetad)*sin(th
etab))/2 -
(L4n2*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta4)*sin(th

etab))/2

f = (VF)

L4"2*dthetal*dtheta3*m4*cos(theta3))/12 +

(L4"2*dtheta2*dtheta3*m4*cos(theta3))/12
(L4"2*dtheta3*dtheta5*m4*sin(theta4))/2
(L4"2*dtheta3”2*m4*cos(thetad)*sin(theta4))/4
(L4"2*dtheta5"2*m4*cos(theta5)*sin(theta6))/12

(2*L4"2*dthetad*dtheta5*m4*cos(theta5)*sin(theta5))/3
\i2
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(L4"2*dtheta5*dtheta6*m4*cos(theta6)*sin(theta5))/12 -
(L4*g*md*cos(theta3)*sin(thetad)*sin(thetab))/2 -
(L4"2*dthetal”2*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3 -
(L4"2*dtheta2”*2*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3 -

(L4"2*dtheta3”2*m4*cos(thetad)*cos(theta5)2*sin(thetad))/4 +
(L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)"2)/2 -
(L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(theta5)"2)/12 +

(L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(theta4)"2)/2 -
(L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(theta5)"2)/12
(L4"2*dtheta3*dtheta5*m4*cos(theta5)*2*sin(theta4))/2
(L3"2*dthetal*dtheta3*m3*cos(theta3)*cos(thetas))/12
(L3"2*dtheta2*dtheta3*m3*cos(theta3)*cos(theta4))/12
(L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(theta4))/12
(L4N2*dtheta2*dtheta3*m4*cos(theta3)*cos(theta4))/12
(7*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(theta4))/12
(7*L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(thetas))/12
(2*L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(theta4)*cos(theta5)"2)/3 -
(2*L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(theta4)*cos(theta5)"2)/3 -
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)"2*cos(thetad)*sin(theta4))/3
(L4"2*dthetal”2*m4*cos(theta3)"2*cos(thetad)*cos(thetab)2*sin(theta4))/3
(L4"2*dtheta2”*2*m4*cos(theta3)"2*cos(thetad)*cos(theta5)*2*sin(theta4))/3
(L4"2*dthetal*dtheta3*m4*cos(theta3)*cos(theta4)”2*cos(theta5)"2)/2
(L4"2*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*2*cos(theta5)"2)/2 +
(L4"2*dthetal*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta6))/12 +
(L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(thetad)*cos(theta6))/12 -
(L1*L4*dthetal*2*m4*cos(thetad)*sin(theta2)*sin(theta5))/2 -
(L2*L4*dthetal”2*m4*sin(theta3)*sin(thetad)*sin(theta5))/2 -

A Tk N i
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(L2*L4*dtheta2"2*m4*sin(theta3)*sin(theta4)*sin(theta5))/2 +
(2*L4"2*dthetal*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta5))/3 +
(2*L4"2*dtheta2*dtheta5*m4*cos(theta5)*sin(theta3)*sin(theta5))/3 +
(2*L4N2*dthetal*dtheta2*m4*cos(theta3)"2*cos(thetad)*cos(theta5)"2*sin(thetad
))/3 -

(L4"2*dthetal”2*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(thetab))/
3 -
(L4"2*dtheta2*2*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(thetas))/
3 - (L1*L4*dthetal”2*m4*cos(theta2)*sin(theta3)*sin(thetad)*sin(theta5))/2 -
(L3*L4*dthetal*2*m4*cos(theta3)*sin(theta3)*sin(thetad)*sin(thetab))/2 -
(L3*L4*dtheta2"2*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(theta5))/2 +

(7*L4"2*dthetal*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta5))/12
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+
(7*L4"2*dtheta2*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(thetas))/12
- (L472*dthetal*dtheta5*m4*cos(theta3)*cos(thetab)*sin(thetad)*sin(theta6))/12 -
(L4"2*dtheta2*dtheta5*m4*cos(theta3)*cos(theta5)*sin(theta4)*sin(theta6))/12 +
L3*L4*dthetal*dtheta3*m4*cos(thetad)*sin(theta3)*sin(thetab) +
L3*L4*dtheta2*dtheta3*m4*cos(theta4)*sin(theta3)*sin(theta5) -
L2*L4*dthetal*dtheta2*m4*sin(theta3)*sin(theta4)*sin(thetab) -
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(thetab)*sin(theta3)*sin(thetad)*sin(
theta5))/3 -

(L3*L4*dthetal*dtheta2*m4*cos(theta3)*sin(theta3)*sin(theta4)*sin(theta5

f5 = Vo)

L3*L4*dtheta3"2*m4*sin(thetab))/2 - (L4"2*dtheta3*dthetad*m4*sin(thetad))/2 -)

(L4"2*dtheta3*dtheta6*m4*sin(theta6))/12 - (L4*g*m4*sin(theta3)*sin(thetas))/2
- (L4"2*dthetal”2*m4*cos(theta5)*sin(theta5))/3 -
(L4"2*dtheta2”*2*m4*cos(thetab)*sin(thetab))/3 +
(L4"2*dtheta3"2*m4*cos(theta5)*sin(theta5))/4 -
(L4"2*dthetad"2*m4*cos(theta5)*sin(theta5))/3
(2*L4"2*dthetal*dtheta2*m4*cos(theta5)*sin(theta5))/3
(L4"2*dthetad*dtheta6*m4*cos(theta6)*sin(theta5))/12
(L4*g*m4*cos(theta3)*cos(thetad)*cos(thetab))/2
(L4"2*dthetal”2*m4*cos(theta3)"2*cos(theta5)*sin(theta5))/3
(L4"2*dtheta2*2*m4*cos(theta3)2*cos(theta5)*sin(thetab))/3
(L4"2*dtheta3"2*m4*cos(thetad)2*cos(theta5)*sin(theta5))/4
(L3*L4*dthetal”2*m4*cos(theta3)*2*sin(theta5))/2
(L3*L4*dtheta2"2*m4*cos(theta3)*2*sin(theta5))/2
(L4"2*dtheta3*dthetad*m4*cos(theta5)*2*sin(theta4))/2
(L4"2*dthetal”2*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(L4"2*dtheta2”*2*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(L2*L4*dthetal*2*m4*cos(theta3)*sin(thetab))/2
(L2*L4*dtheta2"2*m4*cos(theta3)*sin(theta5))/2 -
(7*L4"2*dthetal*dthetad*m4*cos(theta3)*cos(theta4))/12 -
(7*L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(thetad))/12
(2*L4N2*dthetal~2*m4*cos(theta3)*cos(thetad)*cos(theta5)*2*sin(theta3))/3

+ + + 0+ + + o+

+ +

+ +
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(2*L4"2*dtheta2"2*m4*cos(thetad)*cos(thetad)*cos(theta5)*2*sin(theta3))/3
(2*L4"2*dthetal*dthetad*m4*cos(theta3)*cos(thetad)*cos(theta5)"2)/3
(2*L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(thetad)*cos(theta5)"2)/3
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)"2*cos(theta5)*sin(theta5))/3
(L4"2*dthetal*dtheta3*m4*cos(theta5)"2*sin(theta3)*sin(theta4))/2
(L4"2*dtheta2*dtheta3*m4*cos(theta5)"2*sin(theta3)*sin(theta4))/2
L3*L4*dthetal*dtheta2*m4*cos(theta3)"2*sin(thetab)
(L4"2*dthetal”2*m4*cos(theta3)"2*cos(thetad)*2*cos(theta5)*sin(theta5))/3
(L4"2*dtheta2"2*m4*cos(theta3)*2*cos(theta4)”2*cos(theta5)*sin(theta5))/3
(L1*L4*dthetal*2*m4*cos(theta2)*cos(theta3)*sin(thetab))/2
(L2*L4*dthetal*2*m4*cos(thetad)*cos(thetab)*sin(theta3))/2
(L2*L4*dtheta2"2*m4*cos(thetad)*cos(theta5)*sin(theta3))/2
(L4"2*dthetal*dthetad*m4*cos(theta3)*cos(thetad)*cos(theta6))/12
(L4"2*dtheta2*dthetad*m4*cos(theta3)*cos(thetad)*cos(theta6))/12
(L1*L4*dthetal2*m4*cos(theta5)*sin(theta2)*sin(theta4))/2
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(thetad)*sin(theta3))/3
(L4"2*dthetal*dtheta3*m4*cos(theta6)*sin(theta3)*sin(theta4))/12
(L4"2*dthetal*dtheta3*m4*cos(theta3)*sin(theta5)*sin(theta6))/12
(2*L4"2*dthetal*dthetad*m4*cos(theta5)*sin(theta3)*sin(theta5))/3
(L4"2*dtheta2*dtheta3*m4*cos(theta6)*sin(theta3)*sin(theta4))/12
(L4"2*dtheta2*dtheta3*m4*cos(theta3)*sin(theta5)*sin(theta6))/12
(2*L4"2*dtheta2*dthetad*m4*cos(theta5)*sin(theta3)*sin(theta5))/3
(L4"2*dthetal*dtheta6*m4*cos(theta3)*sin(theta4)*sin(theta6))/12
(L4"2*dthetal*dtheta6*m4*cos(theta6)*sin(theta3)*sin(theta5))/12
(L4"2*dtheta2*dtheta6*m4*cos(theta3)*sin(theta4)*sin(theta6))/12
(L4n2*dtheta2*dtheta6*m4*cos(theta6)*sin(theta3)*sin(theta5))/12
L2*L4*dthetal*dtheta2*m4*cos(theta3)*sin(thetab)
(4*L4"2*dthetal*dtheta2*m4*cos(theta3)*cos(theta4)*cos(theta5)*2*sin(theta3))/
3 +
(2*L4"2*dthetal*dtheta2*m4*cos(theta3)*2*cos(theta4)"2*cos(thetab)*sin(thetab
)3 + (L1*L4*dthetal”2*m4*cos(theta2)*cos(thetad)*cos(theta5)*sin(theta3))/2 +
(L3*L4*dthetal*2*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(theta3))/2 +
(L3*L4*dtheta2"2*m4*cos(theta3)*cos(theta4)*cos(thetab)*sin(theta3))/2 -
(L4"2*dthetal*dtheta6*m4*cos(theta3)*cos(thetad)*cos(theta5)*cos(theta6))/12 -
(L4"2*dtheta2*dtheta6*m4*cos(theta3)*cos(thetad4)*cos(theta5)*cos(theta6))/12
(L4"2*dthetal*dtheta3*m4*cos(thetad)*cos(theta5)*sin(theta3)*sin(theta6))/12
(L4~2*dthetal*dthetad*m4*cos(theta3)*cos(theta5)*sin(theta4)*sin(theta6))/12
(L4"2*dtheta2*dtheta3*m4*cos(thetad)*cos(thetab)*sin(theta3)*sin(theta6))/12
(L42*dtheta2*dthetad*m4*cos(theta3)*cos(theta5)*sin(theta4)*sin(theta6))/12
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L2*L4*dthetal*dtheta2*m4*cos(theta4)*cos(theta5)*sin(theta3) +

L3*L4*dthetal*dtheta3*m4*cos(theta5)*sin(theta3)*sin(theta4) +
L3*L4*dtheta2*dtheta3*m4*cos(theta5)*sin(theta3)*sin(theta4) +
(L4~2*dthetal*dtheta3*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(thetad)*sin(th
etab))/2 +
(L4~2*dtheta2*dtheta3*m4*cos(theta3)*cos(thetad)*cos(theta5)*sin(thetad)*sin(th
etab))/2 +

(L3*L4*dthetal*dtheta2*m4*cos(theta3)*cos(theta4)*cos(theta5)*sin(theta3

f 6= V%)

L4"2*dtheta5*m4*(dthetad*cos(theta6)*sin(thetab) - dtheta3*sin(thetab) + )-

dthetal*cos(theta3)*sin(theta4)*sin(theta6) +
dthetal*cos(theta6)*sin(theta3)*sin(theta5) +
dtheta2*cos(theta3)*sin(theta4)*sin(theta6) +

dtheta2*cos(theta6)*sin(theta3)*sin(theta5)
dthetal*cos(theta3)*cos(thetad)*cos(theta5)*cos(theta6) -
dtheta2*cos(theta3)*cos(theta4)*cos(theta5)*cos(theta6)))/12

" _
0
-cos(theta3)*sin(thetad)

B/ =|sin(theta3) %
cos(theta3)*sin(theta4)+ sin(theta3)*sin(theta5)*sin(theta6) - cos(theta3)
*cos(theta6)*sin(thetad) - cos(theta3)*cos(theta4)*cos(thetas)*sin(theta6)

| cos(theta5)*sin(theta3) - sin(theta3) + cos(theta3)*cos(thetad)*sin(theta5) |
1
-cos(theta3)*sin(theta4)

BJ =|sin(theta3) (VA)
cos(theta3)*sin(theta4) + sin(theta3)*sin(theta5)*sin(theta6)- cos(theta3)
*cos(theta6)*sin(thetad) - cos(theta3)*cos(theta4)*cos(theta5)*sin(theta6)

| cos(theta5)*sin(theta3) - sin(theta3) + cos(theta3)*cos(theta4)*sin(theta) |




o i}
0
1
-
B; = . v4)
cos(thetab) - 1
_0 -
0 .
0
T |0
B4 = l (/\')
sin(thetab)*sin(theta6)
| cos(thetad) - 1
o7
0
T |0
B: - 0 (AY)
1
_0_
o7
0
T |0
Bg = 0 (AY)
0
_l_
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function [R]=rot (axis,q)

if axis==
R=[1,0,0,0;0,cos(q),-sin(qg),0;0,sin(qg),cos(q),0;0,0,0,1];

elseif axis==
R=[cos(qg),0,sin(g),0;0,1,0,0;-sin(qgq),0,cos(gq),0;0,0,0,1];

elseif axis==3
R=[cos(qg),-sin(qg),0,0;sin(g),cos(q),0,0;0,0,1,0;0,0,0,17];

else
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wrong axis
stop
end

function [H]=trans (axis,q)
if axis==1
Hz[llOlOlq;olllOIO;OIOlllO;OIOIOll];
elseif axis==
H=[1,0,0,0;0,1, Olq;ol 0,1,0;0,0,0,1];
elseif axis==
H=[1,0,0,0;0,1,0,0;0,0,1,9;0,0,0,11];
else
Wrong axis
stop
end

clc;clear all;close all;

syms L1 L2 L3 L4 ml m2 m3 mé4 positive;

syms tawl taw2 taw3 tawd tawb tawb6 real;

syms thetal theta2Z theta3 theta4 thetab theta6 g real;

syms dthetal dtheta2 dtheta3 dthetad4 dthetab dtheta6 real;

syms ddthetal ddtheta2 ddtheta3 ddtheta4 ddtheta5 ddtheta6 real;
gg=[thetal theta2 theta3 thetad4 thetab theta6]';

dgg=[dthetal dtheta2 dtheta3 dthetad4 dtheta5 dthetab6]';
ddgg=[ddthetal ddtheta? ddtheta3 ddtheta4 ddthetab ddtheta6]';
stat=[qqg;daq] ;dstat=[dqqg;ddqq] ;

% Link 1

hOl=rot (3, thetal);

R01=h01(1:3,1:3);

w0l=dthetal*[0,0,1]1"';
rmll=[L1/2,0,0,11"';

r01=h01*rmll;

rO0l=simplify (r01(1:3));
v0l=simplify(jacobian(r0l, stat) *dstat) ;
I1=[(0,0,0;0,m1*L172/12,0;0,0,m1*L1"2/12];
Tl=ml*v01l'*v01l/2+w01"'*I1*w01/2;
Ul=ml*g*r01(3);

$ Link 2

hl2=trans(1l,Ll) *rot (3, theta2);
h02=h01*h12;

R12=h12(1:3,1:3);

wl2=dtheta2*[0,0,1]1"';

w02=R12"'"*w0l+wl2;

rm22=[L2/2,0,0,11";

r02=h02*rm22;

r02=simplify (r02(1:3));
v02=simplify(jacobian(r02, stat) *dstat) ;
I2=[0,0,0;0,m2*L2"2/12,0;0,0,m2*L2"2/12];
T2=m2*v02'*v02/2+w02'*I2*w02/2;
U2=m2*g*r02 (3);

% Link 3
h23=trans(1,L2)*[1,0
1,0;0,1,0,0;0,0,0,1]
h03=h02*h23;

*

0;0,0,-
ot (3, theta3) *rot (1, thetad) ;
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R23=h23(1:3,1:3);

w23=[dtheta4, 0,dthetal3]"';
w03=R23"*w02+w23;

rm33=[L3/2,0,0,11"';

r03=h03*rm33;

r03=simplify (r03(1:3));
v03=simplify(jacobian (r03,stat) *dstat) ;
I3=[(0,0,0;0,m3*L.372/12,0;0,0,m3*L3"2/12];
T3=m3*v03'*v03/2+w03"'*I3*w03/2;
U3=m3*g*r03(3);

% Link 4

h34=trans (1,L3) *rot (3, thetab) *rot (1, thetao) ;
h04=h03*h34;

R34=h34(1:3,1:3);

w34=[dthetao, 0,dtheta5]"';
w04=R34"'"*w03+w34;

rm44=[L4/2,0,0,11";

r04=h04*rmd4;

rO04=simplify (r04(1:3));
v04=simplify(jacobian (r04,stat) *dstat) ;
I14=[0,0,0;0,m4*1.472/12,0;0,0,m4*L4"~2/12];
T4=m4*v04"'*v04/2+w04"'*I4*w04/2;
Ud=md*g*r04 (3);

% Total Energy
T=simplify (expand (T1+T2+T3+T4));
U=simplify (expand (Ul+U2+U3+U4)) ;
Lg=simplify (expand (T-U))

[

% Motion Equalation

Lg gd=jacobian(Lg,dqq) ';

Lg gd t=simple(jacobian(Lg gd, stat) *dstat);
Lg_g=jacobian(Lg,qq) ';

Eg 1=Lg gd t-Lg g;

M=simplify (jacobian(Eq_1,ddqq))
f=simplify(Eq 1-M*ddqq) ;

Egq r=jacobian(wO0l,dqq) '*[0,0, tawl-taw2] '+jacobian(w02,dqgqq) '*[0, -
taw3, taw2] '+jacobian (w03,dqq) '* [tawd-taw6,0, taw3-tawd]"'
+jacobian (w04,dqq) '*[taw6 0 tawd]';
B=simplify(jacobian(Eg r, [tawl;taw2;taw3;taw4;tawd;taw6]));

vy




