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Introduction
Industrial Emulator Plant

Backlash

PID Controllers don’t perform well when subjected to 
multiple sources of disturbance, such as:

Vibration

Electromechanical system which consists of a 
brushless DC servo motor that drives a 
rotational load 
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Industrial Emulator Plant Modeling
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Equivalent terms used to simplify the 
equations of motion:
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rd )
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Equations of motion:
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Industrial Emulator Plant Modeling
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Equations of motion
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where:

State vectors
x = [θ1

·θ1 θ2
·θ2]

T ·x = [ ·θ1
··θ1

·θ2
··θ2]

T

·x = Ax + Bu y = Cx
State equations

A =
0 1 0 0
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0 0 0 1

a41 a42 a43 a44

B =
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0
0

C = [0 0 1 0]

where
a21 = − k

gr2J*d
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gr2
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a41 = k
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a42 = c12
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PID Controller Algorithm

G(s)C(s) u(s)e(s) y(s)r(s)
+ _

PlantController

u(s) = Ki
1
s

e(s) + Kpe(s) + Kdse(s)

Block diagram

Equations

Control law:

e(s) = r(s) − y(s)Error:

u(s)e(s)

1
s

αs
s + α

+

Ki

Kp

Kd

Controller

5



2-DOF PID Controller Algorithm

u(s) = Ki
1
s

ei(s) + Kpep(s) + Kd
αs

s + α
ed(s)

Equations

Control law:

Weighted 

error terms:

ep(s) = βr(s) − y(s)

ei(s) = r(s) − y(s)
ed(s) = γr(s) − y(s)

If :γ = 0

u(s) = [Ki
1
s

+ Kpβ] r(s) − [Ki
1
s

+ Kpβ + Kd
αs

s + α ] y(s)

Cr(s) Cy(s)

Cr(s) = [Ki
1
s

+ Kpβ]
Cy(s) = [Ki

1
s

+ Kpβ + Kd
αs

s + α ]

Two new controllers:

G(s)
u(s) y(s)

Cy(s)

+ _Cr(s)
r(s)

Block diagram of 2-DOF PID controller:
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Controller Simulation
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The 2-DOF PID controller has less steady state error, 
settling time, overshoot and oscillations than the PID 
controller.
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Experimental Setup
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Experimental Results
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Experimental Results
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With backlash
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Experimental Results

With Coulomb friction and backlash and sinusoidal vibration
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• Both controllers achieved similar performance in experimental the first 
four experimental tests, although the PID controller was slightly better 
without disturbances and with Coulomb friction, while the 2–DOF PID 
controller was slightly better with backlash and Coulomb friction + 
backlash. 


• However, there was a notable difference in test five due to the presence of 
Coulomb friction, backlash and vibration. In that case, the step response 
of the 2–DOF PID controller showed significantly less overshoot, steady 
state error and oscillations and similar settling time.

Concluding Remarks
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