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Ljg =(5,omya, +M, Ly +dya,mg +dya, my +d3a,ms +dja, mg +a, msre )

I5=mar,r,

ljg=(a3myrz-asdymy-asdymy -diasmg +myrrs-dymsrs -diasmg)

Y33

Iw:(r),;,r

3 -dsd, my-dzd, mg-damyry, -dymyd,-dymsry)

Ly=(-lyys-Ixx o +lzz+1zz —m()rm2 )
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L, :(m()rm2 +lyy, +Ixxs+lyy )

L, =(Ixx +Hyys +mgrq”)

L.z I omor 2 2 2 2 ) q2 2 2 o2 o2
23 =IxXxy +1z25 +2my 14 d +m3a3 +mgas +msag Hinyag +2a;mr, +medy +msdy +mdy +mgr, T +myn,

2,2 2 2 2 o2 2,2 T, o
+M3Ls " +dy Mg+, My +ay My +Myay " +Molyy ™ +My Ly~ +ay My +2Morpa, +Hzze +Hlyy, +zz,

-2 o mLr 4.2 4.2 o2 d.2 2,02 2 2 a2 4lzz, +Ivy
Ly =2a3m3r,+2my L d, +d 7 mg +d, mg +myns T +myd, " +my L, T +ay Mg tag my +msas +msas +Hzz, +lyy,

2
+lzzs+Ixx , -+,

[ije}
l
o
=
o
2

gy=g{myry+myas+a;m,+asms+mga; }

g4:g{1n31‘5+m4r)4+m4d4+m5d4+m6d4}

1)

ag

Mgl,q

aq
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PUMAS60 &b, 4o 4, I sl jsige a5 bogs e (sla ol

(N/M) 5590 ,5teiS Zolb(V =) Jgaz

Param | Armstrong | CSIRO | Paul81 | MU |
K, 0189 | 0223 | 0.255 | 0202
K, 0219 | 0226 | 0.220 |0.258 |
K; | 0202 | 0240 | 0239 | 0245 |
K, 0.075 | 0.069 | 0.078 |0.095
Ks 0.066 | 0.072 | 0.070 |0.101
K 0.066 | 0.066 | 0.079 |0.089

R ‘

2590 o)) gl sla el b (Y-0) Jgas

Param | Armstrong LZ’niaz‘ion Tarn iK "saki
Tont 291e-6 | 200e-6 | 198e-6 | 200e-6
Jmz | 409¢-6 | 20006 | 203c-6 | 200e-6
Tons 299¢-6 | 200e-6 | 202e-6 ‘ 200e-6
Jui | 35¢6 | 18¢-6 | 18.3¢-6 20c-6
Jus 35e-6 18e-6 18.3e-6 iL 20e-6
Tue 35e-6 18e-6 | 18.3e-6 | 20e-6 |

ey a6 58 ol eaglie polie (T-0) Jgaz

| Param Frmstron g | U'mation | Tarn K’saki
RAbase 2.1 1.6 1.6 1.6
RAwrist 6.7 3.83 - 3.76
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a8, 0 S0 S sl el (F-0) g

Joint | Armstrong | Breacking Away
Gy 62.61 -62.61
G, | 10736 107.815
G; 53.69 -53.7063
Gy 76.01 76.03636
Gs 71.91 71.923
Ge 76.63 76.686
Gas -1/ Gs
G46 ‘1/ G()
} Gse -13.72
t
(L 0 0 0 0 01
Gl
0 ! 0 0 0 0
G,
0 0 L 0 0 0
G;
Q‘: ’ | gm
0 0 0 — 0 0
Gy
0o 0 0 S ! 0
G, G,
0 0 0 G+GsGys  Gsg RS
L G, Gs Gy |

PUMAS560 5 A, G oais de (B-0)
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Abstract

Today, robots are successfully applied for high repetitive simple manufacturing tasks that
require little interaction of the robot with the environment. It is desirable to extend the
capabilities of robots, and apply them in more complex cases, which generally require
faster and more accurate motions and more interaction with the environment. This in turn
requires the robot to deal with more complex dynamics, which has to be addressed in the
controller design.

On the other hand, in many of industrial applications there are many uncertainties such as
system parameter variations, external disturbance, friction force, and unmodeled dynamics,
which influence the prior-designed control characteristics, and therefore the performance of
model-based control techniques in high acceleration and speed operations, is severely
affected by these uncertainties.

This study considers different control laws for the motion control of high speed robot
manipulators. For this purpose, robust, sliding mode, discontinuous feedback linearization
and computed torque control algorithms are applied and simulated for PUMAS60 robot, as
case study, by considering to actuators effects. Afterwards, a robust control scheme is
proposed by using free and reduced model of system.

The advantage of the proposed approach in comparison to other schemes is needless of any
information about the robot and actuators parameters to control of a high speed robot
manipulator, and simplicity of its stability analysis. Such as, in order to using of model-

based control techniques in here, a simple model of PUMAS60 robot is extended base on

christoffel symbols of first kind.

Keywords- Robust control, Sliding mode control, Feedback linearization, Model-Free
Control, PUMAS560.



