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P11 =mzazxs — 0.5]xz; cos(2qz2) + Txys sin(2qz) + 0.5mga3 cos(2gz) + 0.5maxs cos(2qs + 2q2) + Tyy: + 0.5Tyys cos(2g2)—
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maasrs cos(2g2 + q3) + 0.51yys cos(2ga + 2¢2) — 0.5may?2 cos(2gs + 2¢2) — 0.51xx3 cos(2ga + 2¢2) + 0.5may2 + 0.5may2+
0.5Iyys + Izyssin(2gs + 2g2) + 0.5Ixxs + mozs + mazs + miz? + maaszs + 0.5maal + mazl + 0.51yys + 0.5max’ + 0.5maeal+
0.5maaZ + 0.5max3 cos(2gz2) — 0.5m2y3 cos(2qz) + 0.5mz2a3 cos(2qgz2) + m2a2x2 cos(2q2) — maazy2 sin(2qz) — maw2y2 sin(2qz),
P12 =1Iyz; cos(gs + qz2) + Izzasin(qs + g2) — Mazzaz sin(gs + g2) — Mmazssin(gs + gz2)xs + sin(gy ) [rz,+
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P33 = 2maazzs + maya + Iz23 + maaZ + maz, p21=pi12, p3l = P13, p32=pa2s3,



—M3aaaZs Sin(2ge) — Maasysz cos(2g2) — Maxays cos(2gz) — maasys cos(2gs + 2¢2)—
M3aarTs sin(2gz + ga) — MaZays cos(2g2 + 2q3) — Maazxs sin(2gz + 2¢s3) — Madays cos(2g2 +gs)—
Ei= maasaz sin(2gz + gs) + 0.51zxs sin(2g2 + 2gs) — 0.51yy2 sin(2gz2) + Tryz cos(2gz) + Txys cos(2qz + 2¢3)— | =+
0.5m3a3 sin(2gz2) + 0.5mzy3 sin(2g2) — 0.5mza3 sin(2gz2) — 0.5max3 sin(2g2) — 0.5maaj sin(2gs + 2¢2)+
0.5may; sin(2g2 + 2q3) — 0.5msz3 sin(2gs + 2¢2) — 0.51yys sin(2g3 + 2¢2) + 0.5Izx2 sin(2g2)
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MaZays cos(2ga + 2¢g3) — Maazxs sin(2g2 + 2¢a) — 0.5maaaya cos(2ga + gz) — 0.5maazas sin(2g2 + ga)—
0.5mg sin(gs)asas + 0.5]xx 5 sin(2gs + 2¢3) + Txys cos(2g2 + 2g3) — 0.5mga? sin(2gs + 2g¢3)+
0.5msy3 sin(2g2 + 2qs) — 0.5maz2 sin(2g2 + 2gs) — 0.5Iyys sin(2g2 + 2¢s)

]

—maazzs sin(2g2) — maazy2 cos(2qgz) — maz2y2 cos(2g2) — maasys cos(2gs + 2g2)—
maazxasin(2gz + gs) — mazays cos(2g2 + 2¢3) — maasxa sin(2gz2 + 2g3) — maazya cos(2gz + g3)—
E12 = maaszaz sin(2qz + q3) + 0.51xx3 sin(2g2 + 2q3) — 0.51yy2 sin(2qz2) + Izy2 cos(2qg2) + Izys cos(2gz + 2qa)— g1+
0.5mgzaZ sin(2g.) + 0.5mqy3 sin(2q.) — 0.5mqaf sin(2g,) — 0.5mo 22 sin(2g2) — 0.5mgza? sin(2gs + 2¢2)+
0.5m3y2 sin(2g2 + 2g3) — 0.5max? sin(2q; + 2g2) — 0.5Tyys sin(2gz + 2g2) + 0.51zz2 sin(2g2)
—Mz 23 cOs(gz )Tz — Mazaas cos(gs + q2) — Mazs cos(gs + g2)xa + M2z sin(gs + ¢2)ys — Jyzs sin(gs + ¢2)+ .
( Izz; cos(gs + g2) + Mmaza sin(ga)ys — Mmazz cos(ga)as + cos(gz)lzzs — sin(gs)Iyze — maza cos(gz)as ) G2t

(—mazaas cos(gs + g2) — msazs cos(gs + g2)x3 + mazs sin(gs + g2)ys — ITyza sin(gs + g2) + Txz;3 cos(ga + q2)) ga,

—0.5mzasys cos(gs) — 0.5mgaqxs sin(gs) — maasys cos(2gs + 2g2) — 0.5mza2x3 sin(2g2 + ¢3)—

F13— m3zzays cos(2gs + 2g2) — maazxs sin(2g; + 2g2) — 0.5mzazys cos(2g2 + g3) — 0.5mgazas sin(2gs + g3)— Qi+
0.5mg sin(gz)azas + 0.5 zxs sin(2qs + 2q2) + Irys cos(2qs + 2g2) — 0.5mgza3 sin(2qs + 2g2)+ '
0.5may3 sin(2gs + 2q2) — 0.5max3 sin(2g3 + 2q2) — 0.5Iyys sin(2q3 + 2g2)

(—mgzaaz cos(gs + g2) — ™Maza cos(gs + g2)Ts + Mazg sin(ga + gz2)ys — Tyza sin(gs + ¢2) + Tx23 cos(gs + ¢2)) =+
(—mazaas cos(ga + g2) — maza cos(ga + q2)xa + Mmazasin(gs + g2)ys — ITyza sin(gs + ¢2) + Iwza cos(gs + g2)) ga,

maazx28in(2g2) + maaaya cos(2g2) + mazaya cos(2q2) + maasys cos(2g2 + 2g3)+
maazxssin(2gz + gs) + maxays cos(2gz + 2g3) + maaaws sin(2gz + 2gs) + maazys cos(2g2 + g3 )+

E21=| maazassin(2gs + ¢s) — 0.5Izz5 sin(2gs + 2g5) + 0.5Iyy, sin(2g2) — Izy, cos(2qz2) — Txys cos(2gz + 2g3)+ | di,
0.5m3za3 sin(2g>) — 0.5may3 sin(2g2) + 0.5maa sin(2gs ) + 0.5max3 sin(2q,) + 0.5maa? sin(2gz + 2g2)—
0.5may? sin(2gs + 2g2) + 0.5maz? sin(2¢s + 2g2) + 0.51yy; sin(2gs + 2g2) — 0.5]zx, sin(2g2)

E22 = (—masin(gs)asas — Maazys cos(gs) — Msazxssin(gs)) g,

E23 = (—masin(gs)asaz — Mm3azys cos(gs) — Msazxssin(gs)) g2 + (—ms sin(gs)asaz — Mmzazys cos(gs) — Msazxssin(gs)) gs,
0.5mzazysz cos(gz) + 0.5mzaz 23 sin(qz) + maazys cos(2qa + 2q2) + 0.5mzazxa sin(2qz + qa)+

E31= maays cos(2qs + 2g2) + maaaxs sin(2gz + 2g2) + 0.5mza2ys cos(2g2 + qg3) + 0.5maasasz sin(2¢2 + ¢z )+
0.5m3 sin(ga)asaz — 0.5Ixzs sin(2gs + 2g2) — Izys cos(2gs + 2g2) + 0.5maaj sin(2gs + 2g2)—
0.5may3 sin(2gs + 2qg2) + 0.5maz? sin(2qs + 2g2) + 0.51yys sin(2gs + 2g2)

32 = (masin(gs)asaz + maasys cos(qs) + maazxasin(gs)) gz,

E33=0,

G2=g Mz cos(gz2)az + M2 cos(gz)T2 — M2 sin(gz)y2 + maas cos(gs + q2) + ma cos(gz)az+
mg cos(gs + gz2)xs — ma sin(gs + g2)ys ’

G3 = gms (a3 cos(gs + q2) + cos(gs + g2)x3 — sin(gs + ¢2)ys) .
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Abstract

In this thesis, an adaptive observer-based fault detection system is designed. This system
detects a fault in the event of failure in the robot actuators and activates the system fault
alarms. The fault detection system for a rigid and flexible robot arm with a DC motor
drive is designed to withstand the disturbance signal, such as a change in load of the arm
of the robot, or modeling uncertainties, has the lowest sensitivity, and has a maximum
sensitivity to the actuator faults. In order to simplify the nonlinear and complex equations
of the robot, the idea of voltage control strategy is used. The adaptive observer
performance has been studied in terms of speed and accuracy in detecting the actuator

faults. Simulation results show the effectiveness of this method.

Key words: Fault detection—Robot-Adaptive observer — Robust fault Detection

VoV



\o



. ‘U"f Z/}

Faculty of Electrical Engineering and Robotic

M.Sc. Thesis in Control Engineering

Fault Detection for Robot Actuator using
Adaptive Observer

By:
Morteza Asgari

Supervisor:
Mohammad Haddad Zarif

Date: August 2018

\of



