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Wo.28-04 Blok 7. De PD regelaar als veer-demper combinatie

Deel 4 Blok 8. Stabiliteit van regelsystemen
Wo.12-05 Blok 9. De PID regelaar in het frequentie domein

Deel 5 Blok 10. Bandbreedte en verstoringsonderdrukking
Wo. 19-05 Blok 11. Toepassing: Tunen PID regelaar mechatronisch systeem

Deel 6  Blok 12. Set-points en feedforward tuning
Wo. 26-05 Blok 13. Digitale implementatie effecten
Blok 14. Terugblik / Evaluatie

20-sim exercise
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Exercise Setpoint

ofa  Start with the following model...
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Exercise Setpoint

Build a closed loop system according
to the following scheme (K=0.003)...

2«'T-»

Torquefctuatorl

IneftiaBpringDanperRrtia2 w0
=
Gearl SpringDanper3 Inertia3 RackPinionGearl

Attenuatel WaveGeneratorl

600S%+ 590804004 5 + 177764006

E—

1052+ 188804004 s + 59224004
LinearSystent.

SignalMonitorl

Hint: use the PID controller settings of previous exercise
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Exercise Setpoint

Replace the wave generator by a motion profile
generator (wizard)

TorquePctuatorl IneftiaBpringDanpeirizitia2 an

Gearl SpringDanper3 Inertia3 RackPinionGearl

Attenuatel

2
600s™+ 5928e+004 s + 1.777e+006

105%+ 188804004 s + 59224004

LinearSystent. SignalMonitorl
Settings: see next page MotionProfilel
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Exercise Setpoint

Settings in Motion Profile Wizard: .M.,P.,. . 3
* Desired motion type: Step 4o,

« Desired motion profile: Partial Cubic _/ﬁ

« Initial parameter settings: ' N - .

Stat Time: |'I
Stop Tine: I2 Back [ Net> |  Cancel
Arnplitude: ID.Z

Maw Velocity: |03

Max. Acceletstion: i1.25
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Exercise Setpoint
Assignments / Questions

» Simulate time response and check:
— Setpoint profile

m Simulator on: e; otorfb. =101
. Fle Wiew Properties Smuation Took Help
—C_ontrollerlr_lput B E® oie 2 MEN®
— Signal Monitor output .

* In which part of the s s
setpoint does the
error occur? Why?

2e-005 0.004

= SigraiMonitor
a
=1
- - ary
&

» Decrease the max. ik i
acceleration to 1 m/s? st AT
o 05 1 15 2 25 3
What happens? ime s
Simulation firished after 27140 steps in 0.821 seconds |
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Exercise Feedforward tuning

Add a mass/inertia feedforward gain:

j«-T-»

TorqueActuatorl

IneftiaBpringDanperitia2 Bl
g
Gearl SpringDanper3 nertia3 RackPinionGearl

?'_E\,: PositignSensor2
+¥+ —
Feedforward O y e 5
+ K PositionSensorl
Attenuatel MotionProfilel
2 F et
6005+ 592804004 s + 1777e4006 X
2 O
10s”+ 1.838et004 s + 5.922e+004
LinearSystent. SignalMonitorl
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Exercise Feedforward Tuning
Assignments / Questions
» Adjust feedforward gain and simulate time responses
and check: , - _—
— Controller input o i":""’:‘-l‘f‘f i
— Signal Monitor output S =2 ;mm L p Ry
* For which feedforward s \ oo
gain is the servo-error s )\ o
minimal? g [. A i
« Explain why the real B I
error (Signal Monitor) i |
IS nonzero oy Wi
2 25 3
w = 1rad/s: 78 dB ! ]
“M,eq = 0.125 gr” / 0.003 => K=0.042 ! : L]
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Exercise Digital Controller Delay
« Assume that the controller is digitally
Implemented with a sample frequency of 5
kHz; what is the effective delay time?
» Build model that approximates the o
delay (via Padé): et
* Linearise this mode| ===z sy
» Save the linearised
model as a
linear system:
File name: JLinearSystem- delay_pade Save |
Saveastype [20-tim Linear Systems (LinearSpstem” em) ¥ Cancel :
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Exercise Digital Controller Delay
» Make a controlled linear system
description of the mechanical system:

o

—y
Gearl SpringDanpér@ria3 RackPinionGearl

TorqueActuatorl Inertial ~ SpringDanper2 Inertia2

Massl  SpringDanperl Mas

l PositionSensorl
d
BTy
[m]

ControlledLinearSysteml_MotorFeedback
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Exercise Digital Controller Delay

ks 20-sim Controller Design Editer
iay Ecit View Tools Help

» Start controller
design by opening
the LinearSystem s peee

Additional Ports

model of the delay "=~ \*

System Descriphion
SN 867e+004 57 + 20+008 57~ 3.111e9013 & + 207der17

Edit
e Add PID filter and BT | [on e v

€ Loop Transfer (L)

© Senaitivity (5)

" Compl. Sensitivity (T)

tune parameters i =

rumer

» Retune iteratively t0 ... |- oof Seswmn s

achieve maximum — R

bandWldth . 0 i []T g:m G
Coupagt ¢ 20-sim. tatlab l

Model loaded Y
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Exercise Digital Controller Delay

» Look at the Loop Transfer Function: what
does the delay do?

ol —

4 20-sim Nyquist Plot

Laap Tranabst Funclidn: Bods Pl Loap Transfer Funetion : Nyquist Diagrain

8 o
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Exercise Digital Controller Delay
Additional assignments / questions

* Which resonance frequency of the system is
causing stability problems?

 What bandwidth is achievable with PID?

* What does this mean for the disturbance
suppression at 3 Hz?

* How can the stability problem be reduced by
using additional filters?

* What is the response on a motion profile? Should
the feedforward tuning be changed?
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Exercise Digital Controller Delay
Some results

=loix
EEHS B sy MENL»

madel

Servo tracking
with feedforward

rnodel

_ = Signalmonitort

time s}
Simulation finished after 55183 steps in 1,743 seconds

E
-
=]

g

N
= SignalManitor!
- 8
Y g
C 8

Disturbance
suppression

E
=1
g

0 05 1 15 2 -5 1 35 4%

time {5}
Simulation finished after 117081 staps in 4.54 saconds
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