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Uvod — Motivace

Obrabéci stroj a dulezitost dynamické tuhosti
2DOF manipulator jako model obrabéciho stroje

Otazka : jak zvysit dynamickou tuhost?

TCP — Méreni koncové polohy nastroje
(Tool Center Position)

h. .
SEl ‘,.‘:‘n..ﬁ_ -




Zadani prace

Seznamit se s metodami rizeni robotu a s TCP

Modely rovinného 2R robota s kaskadni
regulaci a SMC

Poddajnost pohonu a poddajnost robota

Rizeni s TCP
Urceni dynamické tuhosti




Metody rizeni robota

e Kaskadni rizeni

e Klouzové rizeni



Kaskadni rizeni

Princip:
 Rada reguldtor(i propojena v sérii pro kazdy ¢len robota

SP2

SP1 Position @ Velocity Process
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@ controller controller
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PV1

* Nepozaduje dynamicky rozklad systému
* Rychle kompenzuje vliv poruchoveé veliCiny
* Pl-Pregulatory



Klouzove rizeni

 Zmeéna dynamika nelinearniho systému v zavislosti

na poloze ve stavoveho prostoru tak, aby systém
"klouzal" podél kluzné plochy.

State-space

State trajectory \ X \\ \

* Zpétnovazebni linearizace — Transformace
nelinearniho systému na ekvivalentni linearni popis

* Backstepping method — Rekurzivni stabilizace
systému



Sestaveni tuhého modelu manipulatoru

e Lagrangeovy rovnice |l druhu s Christoffelovy
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Sestaveni pruzného modelu kloubu
manipulatoru

* Tuha télesa manipulatoru jsou propojena
torznimi pruzinami s tlumici

——| Motor| : Mass 1
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Sestaveni pruzného modelu télesa
manipulatoru

* Vychazi se z realného experimentu, ktery
pouziva tenzometry

"4 g
Shoulder <+———* Elbow —— > End-
Motor "1 Motor oy Effector
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Sestaveni pruzného modelu télesa
manipulatoru

* Urceni ohybu télesa robota pomoci polynomu
n-tého radu

w,(x) = by + byx+ b,x* + byx® + b,x*

1"'.-'2 (x] = au + alx —+ azxz + 33!':3 Efechar

* Vlypocet koeficientl polynomu a urceni
vychylek (v, a)



Vysledky simulace

Simulace se simulacnim program Matlab 2011b
Integrace vSech modelu

Napodobeni realné situace — zatizeni robota
Testovani TCP



Kaskadni regulace s mérenim TCP

Pyl , , 5 5 2107
— #-Coordinates . — X-C -::-I:-rdinates
. Y-Coordinates || = voCoordinates H
|
2"__1_[_’ _______ , , ‘5 x 10
— X-Coordinates . X Coordinates
— Y-Coordinates 1 o Y-Coordinates ||
— 1 e P
E o5 - a E | e
= ) | E - os59——E
= 0 _I6 0 1 | 2 =6
ok = ' E =
4] ' i} *7 [
0.5 1 J ___________________
1 | | 05
2
15 0.1 02 03 -1
time[s] |
y ! |
& 1 2 3 4 5 8 -1.5 1 3 7
time(s] time[s]
Errorin Errorin Task space Task space
joint 1jum] | joint 2[pum] error X error Y
coordinates[pm] | coordinates[um]
Without 5 1.5 ] 21
TCP
With TCP 4 08 ] 0




error [m)

SMC s mérenim TCP
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Zvyseni dynamické tuhosti
Vysledky kaskadni regulace
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Zvyseni dynamické tuhosti

Vysledky s rizenim SMC
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Zaver

Vysledky jsou srovnatelné radove um
Rozdilné prechodové deéje
Kaskadni regulace je jednoducha, ale na ukor stability

SMC je slozitéjsi, zaruci vetsi stabilitu, ale na ukor
dosazitelné presnosti

Vyrazné zvyseni vlastni frekvence u SMC

Zvyseni dynamické tuhosti o vice nez 50% pouzitim
mereni TCP



Dekuji za pozornost



Otazky v posudku

1. Why do matrixes Jw, Jw contain zero
elements?
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Otazky v posudku

2. zi parameters in (3.2.7) are not mentioned in
the text.
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Otazky v posudku

3. What exactly do these errors mean? There are
in meters [m] but they seem to relate to
angular joint errors ?
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Fig. 3.4.2: Error in joint | due to joint elasticity Fig_3.4.3: Error in joint 2 due to joint 2lasticity



Otazky v posudku

4. for the practical controller the frequency
difference between outer and inner loop
should be larger.

~ Link 1 2
Controllers
Outer loop fl'equeucie-; 904 1165
(rad/s)
Inner loop frequencies 1228 1257
{rad/s)

Table 3.6.1



Otazky v posudku

5. Integrating equation (3.6.2)...” should be
“Integrating equation (3.6.3)...

- Ano, jde o tiskovou chybu



Otazky v posudku

6. equations (3.6.5) and (3.6.6) do not contain
the factor u, how come ?

- Ano, jde o tiskovou chybu

V modelu v Matlabu bylo také realizované
ve forme:

pu = {:1 — IJ]I'JI- + HPf



Otazky v posudku

7. how was the equation (3.6.2) obtained? Is it
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Otazky v posudku

8. equation (3.7.25) as written it does not prove
that the error in task space converges to zero.

V(X)) = —pX, (DX, (D <0 (3.7.25)
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Otazky v posudku

9. it would be more illustrative to show the
desired trajectory also as the phase portrait in
X,y. This way it is hard to imagine.




Otazky v posudku

10. Dynamic stiffness is configuration
dependent, in what robot configuration was it
tested ?




Otazky v posudku

11.Why was the equation (4.2.1) modified with

respect to the equation stated in [3] ?
B(X+ Xz}=35‘3’Jfﬁf”("?’(l”+||Xz||2J < B(Xy,X3) = 250 + 55(1%, |2 + [X;[%) (4.2.1)
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Otazky v posudku

12. From the resulting graphs 4.1.3-4.2.6 it is not
clear on what type of robot model were the
simulations running (rigid, elastic, flexible) robot ?

Dve simulace:
* Kaskadni regulace s poddajnymi klouby a poddajnym
robotem se zatéznou silou v koncovém efektoru

* SMCrizeni s poddajnymi klouby a poddajnym
robotem se zatéznou silou v koncovém efektoru



Otazky v posudku

13. To obtain graphs of dynamic stiffness, why
was a function as shown in fig. 4.3.1 chosen
and not e.g. a step load function?

Napodobena realna situace, ktera uvazuje
poddajnost manipulatoru a poddajnost zatéze

50

T
F = —Asin(2mft)
0

-50

"11

= -100
T

©
S -150

-200

-250

\.\ //I
30873 2.9 3 3.1 3.2 3.3 3.4

time[s]




Otazky v posudku

14. How exactly were obtained the data in
graphs depicting the dynamic stiffness ?

* Pouzitim Bode Plot block se systém linearizuje

mezi body X a F.

* \lypocitd se zesileni/faze z Imearmho systemu

pomoci
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