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Mass properties of fixed-plate
Configuration: Default
Coordinate system: fixed coordinate
The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color
Density = 0.00 grams per cubic millimeter
Mass = 2991.60 grams
Volume = 1095824.31 cubic millimeters

Surface area = 976752.13 square millimeters

Center of mass: (millimeters)

X=1.00
Y =-0.57
Z=17.50

Principal axes of inertia and principal moments of inertia: (grams * square millimeters)
Taken at the center of mass.

Px =237828300.71 Ix =(-0.47, 0.88, 0.00)
Py =238402272.55 Iy =(-0.88, -0.47, 0.00)
Pz =474479840.62 Iz=(0.00, 0.00, 1.00)

Moments of inertia: ( grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxz=4.23 Lxy=-237387.21 Lxx = 238276557.32

Lyz=2.25 Lyy =237954015.94  Lyx =-237387.21

Lzz = 474479840.62 Lzy=2.25 Lzx =4.23

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz=152411.19  Ixy=-239083.78 Ixx =239193210.62

Iyz =-29641.62 lyy=238872708.93  Iyx =-239083.78

Izz = 474483799.64 Izy =-29641.62 Izx = 52411.19
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Mass properties of EE
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.00 grams per cubic millimeter

Mass = 591.56 grams

Volume = 455048.68 cubic millimeters

Surface area = 189799.12 square millimeters

Center of mass: ( millimeters )

X =0.01

Y =0.05

Z=648.84

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px=5161720.95 Ix=(0.71, 0.71, 0.00)
Py=5161720.95 Iy =(-0.71, 0.71, 0.00)
Pz =10320977.05 Iz=(0.00, 0.00, 1.00)

Moments of inertia: ( grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxz =-3576.74 Lxy=-10.88 Lxx=5161723.43
Lyz=-15695.36 Lyy=5161768.69 Lyx =-10.88

Lzz =10320926.82 Lzy =-15695.36 Lzx =-3576.74

Moments of inertia: ( grams * square millimeters )
Taken at the output coordinate system.

Ixz =857.01 Ixy =-10.53 Ixx =254207431.30
Iyz =3760.68 lyy=254207475.13 Iyx =-10.53
1zz = 10320928.42 Izy =3760.68 Izx = 857.01
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Mass properties of legl
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.01 grams per cubic millimeter

Mass = 946.70 grams

Volume = 121371.50 cubic millimeters

Surface area = 31889.30 square millimeters

Center of mass: ( millimeters )

X =152.35

Y =-204.85

7 =385.72

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =31658.83 Ix =(0.53, 0.29, 0.80)

Py =36458388.20 Iy =(0.63,-0.77, -0.14)
Pz =36458388.20 Iz=(0.57, 0.57,-0.59)

Moments of inertia: ( grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxz=15397179.61 Lxy=5601317.16 Lxx=26199818.24

Lyz =8407067.15 Lyy=33399993.69 Lyx=5601317.16

Lzz =13348623.29 Lzy=8407067.15 Lzx=15397179.61

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz =34514086.23  Ixy =-4551453.51 Ixx =206775640.03
Iyz =-66396081.05 lyy=176843389.33 Iyx =-4551453.51
1zz = 55670391.69 1Izy =-66396081.05 Izx =34514086.23
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Mass properties of leg2
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.01 grams per cubic millimeter

Mass = 946.70 grams

Volume = 121371.50 cubic millimeters

Surface area = 31889.30 square millimeters

Center of mass: ( millimeters )

X =151.44

Y =146.92

7 =385.25

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =31658.83 Ix =(-0.52, 0.32, 0.79)

Py =36458388.20 Iy =(0.50, -0.64, 0.58)
Pz =36458388.20 Iz=(0.70, 0.70, 0.17)

Moments of inertia: ( grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxz =-14970020.05 Lxy=-5977545.18 Lxx =26724062.75
Lyz=9192621.69 Lyy=32787764.42 Lyx =-5977545.18

Lzz =13436608.05 Lzy=9192621.69 Lzx =-14970020.05

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz =40260714.11 Ixy = 15084860.29 Ixx =187663503.67
Iyz =62774884.41 Iyy=195003844.93 Iyx = 15084860.29
Izz = 55580759.56 Izy = 62774884.41 1zx =40260714.11
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Mass properties of leg3
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.01 grams per cubic millimeter

Mass = 946.70 grams

Volume = 121371.50 cubic millimeters

Surface area = 31889.30 square millimeters

Center of mass: ( millimeters )

X =-202.75

Y =56.84

Z =385.89

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =31658.83 Ix = (-0.02, -0.60, 0.80)

Py =36458388.20 Iy =(0.78, -0.50, -0.36)
Pz =36458388.20 Iz=(0.62, 0.62, 0.48)

Moments of inertia: ( grams * square millimeters )

Taken at the center of mass and aligned with the output coordinate system.
Lxz =-496605.09 Lxy=376116.36 Lxx =36447731.36

Lyz =-17526899.14 Lyy=23183950.12 Lyx =376116.36
Lzz=13316753.74 Lzy =-17526899.14  Lzx =-496605.09

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz =-74563541.76 Ixy=-10534049.59 Ixx =180479442.26
Iyz =3238614.21 Iyy=203071515.64 Iyx =-10534049.59
Izz=55290188.14  Izy=3238614.21 Izx =-74563541.76



Mass properties of leg0
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.01 grams per cubic millimeter

Mass = 1164.41 grams

Volume = 149283.51 cubic millimeters

Surface area = 45522.47 square millimeters

Center of mass: ( millimeters )

X =0.00

Y =0.00

7 =261.42

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =288091.42 Ix =(0.00, 0.00, 1.00)
Py =55473226.43 Iy = (0.00, -1.00, 0.00)
Pz =55473226.43 Iz=(1.00, 0.00, 0.00)

Moments of inertia: ( grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lxz =0.00 Lxy=0.00 Lxx=55473226.43
Lyz=0.00 Lyy=55473226.43 Lyx =0.00
Lzz =288091.42 Lzy =0.00 Lzx =0.00

Moments of inertia: ( grams * square millimeters )
Taken at the output coordinate system.

Ixz=10.00 Ixy =0.00 Ixx =135049259.46
Ilyz=10.00 Iyy=135049259.46 Iyx =0.00
Izz =288091.42 Izy =0.00 Izx =0.00
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Mass properties of Festo-cylander
Configuration: Default
Coordinate system: fixed coordinate
The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color
Density = 0.00 grams per cubic millimeter
Mass = 1323.65 grams
Volume = 484852.97 cubic millimeters

Surface area = 60392.79 square millimeters

Center of mass: ( millimeters )

X =-316.88
Y =-294.58
Z="70.50

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =454008.79 Ix =(1.00, 0.00, 0.00)
Py =7196686.30 Iy = (0.00, 0.00, -1.00)
Pz =7196686.30 Iz=(0.00, 1.00, 0.00)

Moments of inertia: ( grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lxz=0.00 Lxy=0.00 Lxx =454008.79
Lyz=0.00 Lyy=7196686.30 Lyx =0.00
Lzz =7196686.30 Lzy =0.00 Lzx =0.00

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz =-29570592.54 Ixy = 123560344.63 Ixx =121898240.39
Iyz =-27489701.32 lyy = 146689057.58 Iyx =123560344.63
Izz =254975560.31 Izy =-27489701.32 Izx =-29570592.54

ay



Mass properties of festo-shaft
Configuration: Default
Coordinate system: fixed coordinate
The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color
Density = 0.01 grams per cubic millimeter
Mass = 193.05 grams
Volume = 24750.46 cubic millimeters

Surface area = 7956.18 square millimeters

Center of mass: ( millimeters )

X =-233.28
Y =-294.58
Z="70.50

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px=4175.60 Ix =(1.00, 0.00, 0.00)
Py =554528.37 Iy =(0.00, 1.00, 0.00)
Pz = 554542.64 Iz=(0.00, 0.00, 1.00)

Moments of inertia: ( grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lxz =0.00 Lxy =0.00 Lxx =4175.60
Lyz=0.00 Lyy =554528.37 Lyx =0.00
Lzz = 554542.64 Lzy =0.00 Lzx =0.00

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz=-3174988.19 Ixy=13266647.76 Ixx=17716767.08
Iyz =-4009361.69 Iyy=12019827.61 Iyx =13266647.76
Izz=27813383.99 Izy =-4009361.69 Izx =-3174988.19
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Mass properties of balljointorg
Configuration: Default
Coordinate system: fixed coordinate

The center of mass and the moments of inertia are output in the coordinate system of
RoBot 3PSS Full color

Density = 0.01 grams per cubic millimeter

Mass = 69.67 grams

Volume = 9001.93 cubic millimeters

Surface area = 5844.72 square millimeters

Center of mass: ( millimeters )

X =216.71

Y =-115.03

Z =660.15

Principal axes of inertia and principal moments of inertia: ( grams * square millimeters

)

Taken at the center of mass.

Px =3800.77 Ix =(0.00, 0.00, 1.00)
Py=20187.77 Iy=(0.71,-0.71, 0.00)
Pz=20187.77 Iz=(0.71, 0.71, 0.00)

Moments of inertia: ( grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lxz=11.36 Lxy =0.03 Lxx =20187.76
Lyz =49.85 Lyy =20187.62 Lyx =0.03
Lzz =3800.93 Lzy =49.85 Lzx=11.36

Moments of inertia: ( grams * square millimeters )

Taken at the output coordinate system.

Ixz=9967837.03 Ixy=-1736947.36 Ixx=31305937.43
Iyz =-5290998.41 Iyy=33656185.29 Iyx=-1736947.36
1zz=4198036.34  1zy =-5290998.41  Izx =9967837.03
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Abstract:

Parallel robots are closed kinematic chain mechanisms developed in different forms, with
complex kinematics and dynamic equations that make them difficult to control. Parallel
robots with three degrees of rotational freedom are studied and paid much attention in the
industry and medicine because of their high speed and good accuracy. In this thesis,
parallel space robot 3PSS which has three degrees of rotational freedom and its pneumatic
actuators are located on the fixed base will be investigated. First, the robot is simulated
in SolidWorks software, inverse kinematics and forward kinematics equations are
extracted from geometric analysis method, then by analyzing the speed of the robot,
Jacobin matrix and singularity analysis and workspace will be determined. Then, the
dynamic equations governing the system are extracted by Newton-Euler method, the
obtained relationships are validated by software simulation. Finally, PID control method

is used to control this robot in tracking the reference path.

Keywords: Robot 3PSS, Parallel Robot, Three Degree of Freedom Robot, Robot
Kinematics, Robot Dynamics, Robot Validation, Robot Control
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