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"Industrial

’ Uncertainty

* Robust control
* Performance
* Sability

* Modeling
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' Common kinematic arrangements of manipulators
* Dynamic properties

‘Actuators

‘Torque

* Joint

° Forward kinematics

7 End-effector

¥ Internal sensors
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'World coor dinates

* Denavit-Hartenber g repr esentation
* Inverse Kinematics

* Nonlinear

*Non-unigueness of solutions

° Vel ocity Kinematics

7 Jacobian

® Sngular configuration
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' Position Control

* Lagrangian dynamics

* Transmit

*Tracking

° Disturbance Rejection Problem,
° Desired trajectory

7 Unmodeled dynamic

* Friction
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"Rigid objects
? Geometry of three-dimensional space
* Rotation transfor mation
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' Fixed coordinate frame
> Operator
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' Homogeneous transfor mation
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'Trandation

* Perspective

* Scale factor

* Vision system

* Skew symmetric matrix
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' Force Control

? Sensor

*Wrist Force Sensors

* Joint Torque Sensors

* Tactile or Hand Sensors
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' Revolute joint
? Prismatic joint
* Open kinematic chain
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' Degreess-of-freedom (DOF)
’ Positioning

* Orientation

* Redundant Manipulator

* Workspace

° Mechanical constraints

7 Reachabl e workspace
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' Dextrous wor kspace
* Accuracy

* Repeatability

# Controller resolution
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' Classification of Robotic Manipulators
’ Articulated (RRR)
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' Spherical (RRP)

* Spherical coordinates
* Unimate manipul atot
* Sanford manipul ator
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' SCARA (RRP)
> Assembly
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' Cylandrical (RPP)

* Cylindrical Coordinates
* Cartesian (PPP)

‘ Cartesian coordinates
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' Link parameters
* Link length

* Link twist

* Link offset

* Joint angle
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[ ;’:int... H Copy H Close H Options... ]m

Cutput coordinate system: -- default -- -
Part3-2@Assem2 -
f Part3-3@Assem2
Selected items:
Part3 4@ Assem2 D
| Part5-1 @Assem2 -

Include hidden bodies/components
Show output coordinate system in corner of window

i___IAssigned mass properties

Mass properties of selected components
Cutput coordinate System: -- default --

The center of mass and the moments of inertia are output in the coordinate system of Assem2
Mass = 303.87 kilograms

Wolume = 0.04 cubic meters
Surface area = 534 meters®2

Center of mass: { meters )

¥X=4019
¥=013
Z£=030

Principal axes of inertia and principal moments of inertia: [ kilograms * square meters )
Taken at the center of mass.

Ix = [0.25, -0.00, 0.97) Px =19.42

Iy = (0.97, 0.00, 0.25) Py = 19.43

Iz = {0.00, 1.00, 0.00) Pz = 20.02

Moments of inertia: [ kilograms * square meters }
Taken at the center of mass and aligned with the output coordinate system.

Lt = 19.43 Ly = 0.00 Lz = 0.00
Lyx = 0.00 Lyy = 20.02 Lyz = 0.00
Lz = 0.00 Lzy = -0.00 Lzz = 19.42

Moments of inertia: [ kilograms * square meters }
Taken at the output coordinate system.

Dot = 53.12 Ly = 7.57 bz = -17.17
Iyx = 7.57 Iyy = 58.69 Iyz = -12.43
I = -17.17 Loy = -12.43 Iz = 35.36

pr 35 o 4 it olSis olais] 5l LS ol L, (SilSe (slaaaseia$-Y s

oy



—

| 5 Mass
b [ Print... ] [ Copy ] [ Close ] [ Options... ] [ Recalculate
Qutput coordinate system:  -- default -- -

Part2-1@Assem2
Selected items:

Include hidden bodies/components

Show output coordinate system in carner of window

Eﬁssigned mass properties

Mass properties of Part2 [ in Assembly Configuration - Default -~
Qutput coordinate System: -- default -
The center of mass and the moments of inertia are output in the coordinate system of Assem2
Density = 7858.00 kilograms per cubic meter
Mass = 189,27 kilograms
Volume = 0.02 cubic meters
Surface area = 2.34 meters”2
Center of mass: [ meters )
X=014
¥ =0.56 =
Z=0.25
Principal axes of inertia and principal moments of inertia: [ kilograms * square meters )
Taken at the center of mass.
Ix = (0.66, 0.08, 0.75) Px = 4,50
Iy = (0.75, 0.00, 0.66) Py = 14,47
Iz = (0.05, 1.00, -0.06) Pz =15.35
Moments of inertia: [ kilograms * square meters )
Taken at the center of mass and aligned with the output coordinate system.
Lo = 10.27 Ly = -0.54 lxz = 476
Lyx = -0.54 Lyy = 15.29 lyz = 0.62
Lz = 4,76 Lzy = 062 Lez = 9.07
Moments of inertia: [ kilograms * square meters ) Kiil
Taken at the output coordinate system.
bt = 81.23 Iny = -14.58 bz =-1110 -
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[ Print... ] [ Copy ][ Close ][ Options... ] [ Recalculate
|
Output coordinate system: -- default -- -
' Part6-1@Assem2 |
selected items: i e
Include hidden bodies/components
Show output coordinate system in corner of window
Assigned mass properties
Mass properties of selected components -
Output coordinate System: -- default --
The center of mass and the moments of inertia are output in the coordinate system of Assem?
Mass = 32.15 kilograms
Volume = 0.00 cubic meters
Surface area = 0.28 meters~2
Center of mass: [ meters )
¥=1032
¥ =03
Z=046
Principal axes of inertia and principal moments of inertia: [ kilograms * square meters )
Taken at the center of mass.
Iy = (-0.66, 0.09, 0.75) Px =003
Iy = [0.75, 0.00, 0.66) Py=181
Iz = [0.06, 1.00, -0.07) Pz =153
Moments of inertia: [ kilograms * square meters )
Taken at the center of mass and aligned with the output coordinate system.
i Ly = 0.11 Lz = 0.87
Lyx = 0,11 Lyy = 1.82 lyz =013
Lzy = 0.87 Lzy =013 Lzz = 0.82
Moments of inertia: [ kilograms * square meters )
Taken at the output coordinate system.
b = 20.56 Iy = 6.65 Iz = -5.70
Iyx = 6,65 Iyy = 1207 Iyz =245
Izx = -5.70 Izy =245 Izz = 16,85 -
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0.3 0.25 0.46
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" Control loop

? Electrical actuators
* Hydrolic actuators

‘ Pneumatic actuators
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'Permanent magnet DC motor
* Stepper motors

* Armature

' Reliable

* Commutators

° Power transistors

" Thyristors

¥ Electrical pulse
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" Nonlinear

> Multivariable

* Robust stability

* Robust perfomance
> Physical system

* Time delay
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" Equilibrium point

’ Linear time-invariant system
* Polynomial

* Routh-Hurwitz criterion

* Constant real coefficients

° Nyquist criterion

" Imaginary axis

* Frequency domain

’ Cauchy’s argument principle
' Lyapunov
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> Domain of attraction
*Energy function

* Generalized energy function
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Abstract

This M.Sc thesis presents the modeling of an Spherical robot manipulator in
kinematics and dynamics. Then a robust control design is developed and
simulated. The joints of the robot is RRP (Rotational, Rotational, Prismatic).
The joints provide three degrees of freedom. To abtain the kinematics we use
the Denavit-Hartenberg presentation and to abtain the dynamics the Euler-
Lagrange equation has been used. The obtained model is multivariable,
nonlinear, coupled and uncertain. To control the robot, a robust nonlinear
controller has been designed. The proposed control guarantees the stability of
the close-loop system. The performance is very good such that the tracking
error is ignoreable. The direct method of lyapounov has been used for
stability analysis. Since the uncertainty includes unmodeled dynamics
parametric uncertainty and external disturbances. The performance of the
controller is important in overcoming the uncertainty. Finally a comparsion

between the Spong’s method and the proposed controller is presented.
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