v

4 a a ¢ I3 i
¥o1s09INeniinus MItavagAuANIIUNadeIR LY Inssad nEangu
Y A ¥ A a o

R, WIAUA B1YINTY

Sayan Arnssuenaasumauga (AINTINATOINA)

da (= a a J a
91%1587]1]5?\‘]51137]2“141/“!5 IF. AT, UUNTD Tﬂﬁ

UNAALD

£
Av A

Aveiiuaaitmsiigniaumimsinasuiiveauyunagesdiuseuuuiuudaaz

1 A

Y A = ) A A o 4 A Y
mudangunaounlunulszinulasldngujueiadu aumsmsmdounisznovlilale 3
AUMIANANADDE,, 6,, w(r,1) aumsgniaglimmzauiumsduiinia wganssy
yoanudanguodiuielaeliisauyd lnuauoin1sdu (Assumed modes method) A2
5550917 5 Tnuausngniaeniie 14 lumsadsaunslugilves State-space

T1/sunsy Matlab 1ag Simulink gnlfivedrassmandeuivesuyunatazmsdu

Y A [
YBINUBAKEY
o a o { J J ] 1 1

HAN139100INANTINIINUVUTIADINTBIATZNOUAINIINHUIBEINYNLAAT
13 nuviraesudainganssunmsinaouidoandoInuNn AN INUBIYANATDIAZ @150
o a o < " e W Y 4
AnengAnssumsduveswunanuuMuuiseMudanguiadaldesnuuudiniuguiie

o Y A ' Y
anmyduvesmMubanguld

y ' v < Yy A ' Yy A& 99
AANAADVYDINYUNATDINIUADUV VN UMTILATNIUBANGUYNaI1e 1]y
= F) o 1 [ A Y o a 4
msfn ganadeulduomes Iinszuaaseswnugailesiunuues Tuiinlasi aasu
9 ] v

magminaadsusnaugiuvesmudanduie 14ianisduveatiudangu 21995119

a g a J A o A J o 9y @
@LaﬂVI3fJUﬂﬁQﬂ@@ﬂUfU‘ULW@GUUL‘ﬂa@‘L!ll'ﬂW]@ﬁllw{KhﬂﬁﬁllﬁﬂﬁﬂiﬂﬂWWWHWWGlauﬂWﬁ?ﬂllﬁz

auaunszua i lusemes



av dﬁl P~ a Y A 1 9 o =
luauidtetinnudsssuanavesiudanguni ldanmsdiuiunianguuazns
= A a o 9 an . v =
nadou lunmgpanudsssumnasiuinldainisnig Eigen value Usgnoununguives
. v A 1 Y A 1 9 = 1 9 a
Euler-Bernoulli Tag1¥i3ouluavevvestutanguuungiuiudaminnazilateduddase
AMUDETINIAVRIANATO IR I IndaanauasunIginagey Tagnisiagiudangu
[ { I { ) a
(Tap test) dayanai ldvzgnuilasainTawuvesnaniuTamuvesnnudnmsduaigisng
A I o ] dy ¥ A 1 A a 1
wlaaylSesuunisn vasnnmsutasainimiignldineiainnudsssumnALazANNKLI
Y A l
YOINUBATIU
[ 9 d’ o ] 4 4’ [ a dyd
AnunuuUY PD T4iieniuaudiiiaueauamas 11099100300 ausiaiin
1 [ 1 < %
NUMUAoAN UL UYBITZUVLAZINITADUAUBIVOITZUUIIAGY  AIAILANIUL
Aq Yo [ 9 o o o Y A [
Energy-based N l#dnaatloundunnaasunalddrmsuarugumsduveshiutangulu
MINATEURIAILANIUY Energy-based uazdiniuauuuy PD zgnldniuaunszudlaih

s 9 [ d‘ = = d‘ Y v o'/ 1 [
VDNUBDMBDINTDUNY LiJ@L‘]_]ifJ‘UL‘VIEJ‘Uﬁ'iJ33flu%ﬂl@\153Uﬂﬂﬂl“ﬁﬁﬁﬂﬂﬂﬂuﬂﬁﬁui’lﬂﬂﬂ PD uay

v
I 1

k4 [
szuui hild (1¥@nruauuu PD edaifen) szuundesiia Peak time My uasguy

Aq Vo o A . . ~ 09: '
nlgdnrungumsduiin Settling time NduAN



Vi

Thesis Title Modeling and Control of a Two-link Rigid-flexible
Manipulator
Author Mr. Santi Chanwikrai
Degree Master of Engineering (Mechanical Engineering)
Thesis Advisor Assoc. Prof. Dr. Matthew O.T. Cole
ABSTRACT

This thesis presents a method for deriving the dynamic equations of a two link
rigid-flexible planar manipulator using Hamilton's principle theory. The dynamics of
the manipulator can be described by three equations involving three generalize
coordinates 6, ,, w(r,t). These dynamic equations are simplified and converted to

a form suitable for time-step integration. The equation describing deflection of the
flexible end-link is discretized using the assumed modes method and a finite number
of low frequency first five mode modes retained in a conversion to state-space form.
Matlab and Simulink programs are used for numerical simulation of the manipulator
motion and vibration of the flexible link.

A set of simulation results showing behavior of the model is presented. With
the inclusion of a simple damping model, the simulation model gives physically
realistic motion behavior and is therefore considered suitable for predicting vibration
behavior of a rigid-flexible manipulator and as a tool for designing and testing
controllers for reduction of flexible link vibration.

A two link rigid-flexible manipulator test-rig is created for the experimental
study. The experimental system is actuated by DC servo motors with harmonic drive
gearheads. A strain gauge is used as vibration sensor, mounted at the base of the
flexible end-link. Electronic circuits are designed and used to drive the motors by
measuring and controlling current.

Natural frequencies of the flexible link are obtained from theory and
experiment. For theory, natural frequencies are calculated from eigen value method
with Euler-Bernoulli beam theory. Boundary conditions of the link are fixed-free. For
experiment, natural frequencies are measured from strain signal graph during tap
tests. Strain signal is converted from time domain to frequency domain by Fast
Fourier Transform. The modal damping values of the flexible link can also be
estimated from the Fast Fourier Transform graph.
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PD controllers are selected for motor position control because this type of
controller is robust and can give quick response. An energy-based robust strain
feedback controller is also considered for vibration control of the flexible link. The
controller regulates the motor current in parallel with the PD controller. System
performance is compared for vibration control and non-vibration (PD only) control.
For these controllers, the response of the flexible link have equal peak time, however
settling time with vibration control is faster than with non-vibration (PD only) control.



