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This thesis concerns the design of an infinite dimensional control system for a
flexible robot arm. In this work, we consider this system as a flexible beam that is clamped
to a motor at the one end and free at the other end. A mass is also attached to the free
end of the beam. The mathematical model can be described by an Euler-Bernoulli partial
differential equation, with initial and boundary conditions. To reduce the vibration of the
tip mass, we apply a feedback through the angular acceleration of motor. The control law
is a linear combination of the tip deflection and a linear functional of the beam deflection.
We show that the infinitesimal generator of the closed-loop system generates a contraction
semigroup. Since the spectrum of a closed operator need not have only the eigenvalues,
it is rather difficult to analyze the stability of the system using the spectral analysis
approach. However, by using the Sobolev Imbedding theorem and Arzela’s theorem, we
can prove that the spectrum consists only of isolated eigenvalues with finite multiplicity.
Besides, those eigenvalues lie in the open left half of the complex plane. We then prove
that the closed loop system is asymptotically stable.
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Re (Au,u),, = —K |p (u2, x) + mlus|® <0 (4.29)
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lasf ¢ (z) danadadiy

)\2
(@) + (@) = 0 (5.10)
WaZ ¢, () FDANADINY
)\2 K
& (@) + 2= 6p(2) = =LA [ (61, 2) + mlgi (1) - @ (5.11)
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Aaud waazulann1am ¢,(z) an (5.19) lagazduii ¢,(z) ssnsndauldeglugy
dp(x) = a1z + az

Wawnuasllu (5.1 wdnnaudnyszdnd azlén

A2 K
%(all’ +az) = *pEﬁAF(éfh)x
AU a) = — 5@ wge a, = 0 GevnlK
KF(¢
Gp(x) = — A( L (5.12)
KF(¢1)
o(0)=0 , G0)=-—" . GW=0 . ¢'1)=0 (5.13)
WNTUMAINDY ¢y () AN (5.10 uann1seynudsudud dedianniszaadu
e
m- + o =0
_ L 1/4 - L 1/4 -
m_i(EI) VAL i(EI) VA

WAL BIAN VN = iV Az ldn
B L 1/4 - . L 1/4 -
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NG9 N.17 I & > 0 10U uas 8 = a + ib LudeausaudazannI s LU
sinh(Bl) + sin(Gl) =0 (n.15)
cosh(pl) 4 cos(Bl) + kB(sinh(Bl) — sin(Bl)) =0 (n.16)
azlédn Mndldviniugudvesrisassannislddniu

a L4 & v 1 o 1 a X a 4{' 1 & d! o U
WFah NUNAY N.16 13192l SnauvaIuAaLaNNT AsiaTuNTILE la] = 1b] tMUH v 1K

JHN1T (N.9)-(N.10) LASANNNT (N.12)-(N.13) ANAANUKRF DUARNNITIALD (9%

h1(B) = 0 <= hi4(a) = cos(al) sinh(al) + sin(al) cosh(al) =0 (n.17)

ha(B) = 0 <= haa(a) = cos(al) cosh(al) + ka(cos(al) sinh(al) — sin(al) cosh(al)) =0 (n.18)

% a0 1Hudnauzasanniy (0.17) azléan

sin(aol) cosh(aol) = — cos(al) sinh(agl)
i luumulu (n.18) aglén
haa (a0) = cos(aol) cosh(aol) + 2k cos(aol) sinh(agl) (n.19)
haa(a0) = cos(aol)[cosh(agl) + 2k sinh(aol)] (n.20)

89N cos(agl) # 0 ( WWT123 BuTauni sin(agl) = 1 WaZ cosh(agl) # 0 Vag € R
I#auns (0.17) liduasa)
A9t WANTIWLANIZINDH cosh(agl) 4 2kag sinh(agl)

A v
LN AN

ag > 0 = sinh(apl) >0 = agsinh(apl) >0

ap < 0= sinh(agl) <0 = agsinh(agl) >0
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cosh(agl) + 2kag sinh(apl) >0 Vag € R

azléii1 81 ao \TURNUVDY hy(a) = 0 W& halag) # 0 TR

v
o

NHIFHNNT
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