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i X Yi Z; m; i I yyi | i I xyi I I yzi
(m) | (m) [(M) | (kg) |(kgm®) |(kgm?) |(kgm?) |(kgm?) |(kgm®) (kgm?)

1 0 022 | 0 19 0.34 0.36 0.31 0 0 0
2| -051 0 0 18.18 0.18 1.32 131 0 0 0
3| -0.67 0 0 10.99 0.07 0.92 0.93 0 0 0

D,, = Ma,X, —% l,,, €08(20,) + 1, sin(2q,) + % m,a,” cos(2d,) +%m3x32 cos(20, +29,) + 1,

+% lyy, cos(qu) —m,a,Y, sin(2q, + 2q,) + m,a,X, cos(2q, + 24,) +% I, + % m3a32 cos(2¢q, +20,)
+M;a,a, COS(Zqz + Q3) —M;a, Y, sin(2q2 + qs) —M;X;Y; Sin(qu + 2q2) —M,ay, Sin(qs) +m, Cos(qs)asaz

+m,a,X, cos(q,) + % m, X, +M,a, X, c0S(2q, +0,) +% l,,, c0s(2q; +24,) + % m,y,” + % m,y,’ +% L,
_E m3y32 COS(Z% + 2%) _% Ixx3 COS(2q3 + 2q2) + Ixy3 Sin(Z% + 2%) +% Ixx2 + mzzz2 + mlzlz + mlxlz

1 1 1 1 1 1 1
+maXx, + > m,a,> +m,z,” + > s + > m,x,” + > m,a,” + > m,a,” + > m,x,” c0s(2q,) — > m,Y,’ cos(24,)

1 . .
+ > mzaz2 cos(2q,) + m,a,x, cos(2q,) —m,a, Yy, sin(2q,) —m,x, Yy, sin(2q,)

D, =1,, cos(qs +0,)+1,, sin(q;+0,)+sin(g,)1,, +cos(q,)l,,
—MyZ,a, Sin(qs + Q2)_ MyZ, Sin(Qa +Q2)X3 —MyZ, Cos(q3 + %)ys

—m,z,cos(a,)y, —m,z,sin(dq, ) x, —-m,z,sin(q, )a, —m,z,sin(q, ) a,

Dy; =1, c0s(g;+0,)+1,, sin(g;+0,)—m,z;a;sin(g, +0,)

—Mmyz, Sin(qs + qz)xs —MyZ, COS(Qs +QZ)y3

2 2 2 :
Dy, =1, +2myaX, + mX,” +m,y,” + myy,” +1,, —2m.a,y, sin(q,)

+2m, c0s(0,)a,a, +2m,a, X, + m;a,> + m.x,” +2m,a,x,cos(q,) + m,a,” + ma,’
2 H 2 2
Dy, = 2MayX, +m,y," +1,, —m,a, Y, sin(d,) +m, cos(d;)asa, +m,a,” +mX," +m,a,X, cos(d,)
2 2 2
Djy =2mya;x; +myy;” + Izz3 +Mas +MyX,
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-M,a,X, sin (24, ) —m,a,y, ¢os(2q, ) -m,X,y, ¢0s (24, ) - ma,y, cos( 24, + 20, )
—M,a,X, Sin (20, + 0 ) —M,X,Y, C0S( 20, + 20, ) —M,a;X, Sin (20, + 20, ) —M;a,Y, C0s (20, +0; )

. 1 . 1 . .
C,= -m,a;a, sin (20, +q3)+E L sin(29, + 2q2)—E l,,sin(2q,) +1,, cos(2q,)+1,, cos(2q, +2q,) |d,

—omasin2g,) +2 my, i) - matsin2g,) -2 msin(ag,) - masin(a, + 20)

+%m3y32 sin(2q, +2q,) —%maxa2 sin(2q, +2q2)—% l,,sin(2q, +2q2)+% 1, sin(2q,)
1 1 . 1 .
—Emsazy3 cos(qs)—EmaazxaS|n(q3)—m3a2y3 cos(2q, +2q2)—§m3a2x35m(2q2 +0, ) —MyX,Y, €05 (20, + 20, )
. 1 1 . 1 . 1 . .
+ —MyaX; Sin (qu + Zqz)_Emsaz)% COS(Zqz + qs)_imsazaz sin (2% + qs)_Ems Sm(%)aaaz +E Ixx3 sm(2q3 + Zqz) 0

+ 1., 008(20, +20,) —%maasZ sin(2g, +24,) +%m3 y.>sin(2q, +2q,) —%m3x32 sin(2g, +24,) —% 1, sin(2q,+2q,)

-m,a,X, sin(2q, ) —m,a,y, cos(2q, ) —m,X, Y, cos( 24, ) - ma,y, cos( 20, + 24, )
—Mja,X, Sin (20, + 0y ) — MyX,Y, ¢0s( 20, + 20, ) —Mya,X, Sin (2q, + 20, ) —m,a, Y, cos(24, +a,)

. 1 . 1 . .
C,= -m;a,a,sin(2q, + q3)+z Ly, Sin (20, + 2q2)—z l,,, sin(2q,) +1,, cos(2g,)+1,, cos(2q, +24,) |q,

1 . 1 . 1 . 1 . 1 .
_E m3a22 Sln(2q2) +§m2y22 Sln(ZqZ) _§m2a22 Sln(ZqZ) _EmZXZZ Sln(qu) _EmSaSZ Sln(2q3 + 2q2)

+%m3y22 sin(2q, +2q,) —%m3x32 sin(2q, +29,) —% I, sin(2q, + 2q2)+% L, Sin(24,)

_mzzz COS(qZ)Xz - mszaae COS(q3 + qz)_ mazs COS(qB + qz)xs + mszs sin (qa +qz) y3 - Iyz3 sin (qs + qz)
+1,,, €08(0+0,)+m,z, sin(q, )y, —m,z,cos(d, )a, +cos(d, ) L, -sin(q,)! , ~ M2, cos(a, )a,

+(—m323a3 008 (0 +0, ) —MyZ; COS(C; +0, ) X +MyZ,Sin (G +, ) Y, ~ | V2, Sin (g, +0,) + L, cos(a +qz))q3
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1 1 .
_Emsazys cos(qs)—§m3a2x3 sin (qs)_ msa,y, COS(an + Zqz)
1 . )
—Emsazxssm(Zq2 +03 ) —MyX, Y, €0S (20, + 20, ) - M,a;X, Sin (20, + 20, )
1 1 . 1 . .
C13 = _Emsaz)’3 cos(2q2 +q3)_§m3a3az S|n(2q2 +Q3)_Em3 5|n(q3)a3a2 0

+% |, SiN(20, +20,) + 1, cos(2q, +20,) - % m,a,”sin(2q, +2q,) + % m,y,’ sin(2q, +2,)

1 . 1 .
- m,x,” sin(2q, +2q,) - l,,, sin(2q, +20,)

+(—msz3a3 cos(q3 "‘qz)_ M,Z, cos(q3 +q2)X3 +MyZ, sin (qs +qz)y3 - Iyzasin(qS +qz)+ Ingcos(qs +q2))qz

+(—m323a3 €05 (0, + 0, ) —M,Z, COS (0, + 0, ) X, + M,z Sin (0, +0, ) y; - Iyzzsin(q3 +0,)+ Ingcos(q3 + qz))q3

m,a,X, Sin (24, )+ m,a, Y, cos(2d, )+ m,Y,X, cos(24, )+ m;a,y, cos( 24, + 20, ) + M;a,X, sin (20, + s )

+M, Y;X, €0S (20, + 20, ) + M,a;X, Sin (20, + 2, ) + M;a, Y, cos (20, +0; ) + ma,a, sin (20, + ;)
1 . 1 . 1 . .
C, = - L, sin(2q, + 2q2)+5 L, sin(2q,)- Ly, cos (20, )- l,,, C0s(2q, +2q2)+§m3a22 sin(2q,) g,

—%mzy; sin(2q2>+§mzafsin(2q2>+§mzx; sin<2qz)+§m3a; sin(2qa+2qz)—§m3y;sin(2q3+2qz)

1 . 1, . 1, .
+§ m,x,” sin(2g; +20,) +§ l,,, sin(2q, +24,) - I, sin(2q,)

sz (_ms sin (qs)aeaz —Mya, Y, COS(%)_ mya, X, sin (Q3))q3

C, = (-m3sin (05)a,a, -m;a,y, cos(q;, ) -m,a,X, sin (q3))q2

+ ('ms sin (qs)asaz -m;a,y, COS(qg) -Mya, X, sin (qs))qs

1 1 . 1 .
Em3a2y3 cos(q3)+5m3a2x3sm(q3)+ m,a,y, cos (20, + 2q2)+§m3azx3 sin(20, +4;)
. 1 1 .
Y3, 00820 + 20, )+ M2y Sin (20, +20; )+ M2, €08 (20, +0, )+ M2,2;5in(20; +3;)

1 . 1 . 1 . 1 .
+ E mssln(qs)a2ae _E IXXasm(qu + 2q2) - Ixy3c05(2q3 + Zqz) + E m3a325|n(2q3 + 2q2) —Em3y325|n(2q3 + 2q2)

1 . 1 .
+ m,x,’sin(2q, +24,) 5 l,,,sin(2q, +20,)

Cy, = (ms sin(d;)a,a, +mya, Y, cos(d,) +Mya, X, Sin(qs)) d,
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G, = 9.81(

m, cos(d,)a, +m, cos(d,)x, -m, sin(d,) Y, +m,a, cos(d; +d,) +m; cos(qz)azJ
+ m3 COS(q3 + qz)xa - m3 Sin(qs + qz)ys

G, =9.81m, (@, cos(q;, +,) +C0s(, +d,)X, —sin(d, +d,)y;)
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Abstract

This thesis presents a novel method for controlling flexible-joint robot manipulators.
In this approach, by compensating flexibility effect the robot turns to rigid robot and
then control methods for rigid robots are applied. Feedback linearization and direct
adaptive fuzzy control, based on rigid model are designed with torque control strategy
and simulated on three-link articulated flexible-joint robot. In the following, voltage
control strategy is introduced and feedback linearization based on this strategy is
explained. Then an adaptive fuzzy system is designed for compensating flexibility
effect and feedback linearization based on rigid model is implemented on flexible-joint
robot. In addition, performance of controller is evaluated by simulation. At the end, an
adaptive fuzzy system is designed for improving performance of system against
uncertainties. In all of these methods, by mathematical analysis, it is proved that the
proposed control laws guaranty stability. VVoltage control strategy, in comparison with

torque control strategy has simpler structure therefore, implementation is easier.

Key words: Flexible-joint robots, Adaptive fuzzy system, Torque strategy, Voltage

control strategy.
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