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Robust Motion Control of Industrial Robot Robust Motion Control of Industrial Robot 
Considering TwoConsidering Two--inertia System inertia System 

Based on CDM Method and Resonance Ratio ControlBased on CDM Method and Resonance Ratio Control



What’s need for industrial robot manipulators

High-accuracy

BackgroundBackground

High-repeatability

High-precision 



2. Improve speed response

3. Reduce the state error of position control

ProblemProblem

1.Vibration Suppression



Outline of conventional control methodOutline of conventional control method
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Outline of proposed control methodOutline of proposed control method
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Figure 1:Description of the position and orientation of the end-effecter frame



TwoTwo--Inertia ModelInertia Model
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Advantages

Zero-Backlash

High efficiency

Positioning accuracy and repeatability

Not back-drivable

J L ,DL

Load



J MO ,DMO

Harmonic Gear

Motor

KS 

J L ,DL

Load

TwoTwo--Inertia ModelInertia Model

-

-

+

-

+

LL DSJ +
1 Lω L

θ

S
1

Sθ

MOMO DSJ +
1

SK
S
1

gnR
1

MθMω
TK

gnR
1

S
1

Tτ

Lτ

Mτ

Torsional Torque

Load Dynamics

Motor Dynamics

Disturbance Torque

ICMD

TwoTwo--inertia inertia 
SystemSystem



Resonance ratio controlResonance ratio control

TwoTwo--inertia inertia 
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Resonance ratio control and PI Speed ControlResonance ratio control and PI Speed Control
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The resonance frequency of the new system is changed to The resonance frequency of the new system is changed to 

The resonance ratio can be controlled by KThe resonance ratio can be controlled by KRR

Optimal Resonance RatioOptimal Resonance Ratio

Determined by CDM methodDetermined by CDM method



Resonance ratio control and PI Speed ControlResonance ratio control and PI Speed Control

TwoTwo--inertia System and inertia System and 
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Feedforward CompensatorFeedforward Compensator

TwoTwo--inertia System, inertia System, 
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DD--PD Position ControlPD Position Control
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DD--PD Position ControlPD Position Control
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Simulation ResultsSimulation Results
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The three-dimensional circle trajectory path which rotating angle from 
X-axis 45 ๐and from Z-axis 45 ๐



Simulation ResultsSimulation Results
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2. Improve speed response: Feedforward control

3. Reduce the state error of position control : D-PD Position 
Controller

ConclusionConclusion

1.Vibration Suppression : Resonance Ratio Control and 
PI Speed Controller

4. All of this controller designed by CDM method, considering from 
stability index and rise time. 



Thank youThank you



Resonance ratio controlResonance ratio control

TwoTwo--inertia inertia 
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Acceleration-relate symmetric matrix term

Nonlinear Coriolis and centrifugal force vector term

Gravity loading force vector term

Coulomb and viscous friction term

Dynamic of Robot ManipulatorDynamic of Robot Manipulator
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