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Mechatronics Training

e December 31, 2009 Philips decided to stop all its training activities, which were
carried out by the Philips Centre for Technical Training (CTT), and all training
programs were transferred to external parties.

@ Currently, all former Philips trainings (and more) are offered to the market
under the umbrella of The High Tech Institute (www.hightechinstitute.nl).

@ Content partner for all Mechatronics courses is Mechatronics Academy B.V.
(www.mechatronics-academy.nl) which is set-up and supervised by :

@ Professor Dr.ir. Jan van Eijk
@ Professor Dr.ir. Maarten Steinbuch
@ Dr.ir. Adrian Rankers
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part 1

Mechatronics System Design

Day/Module | Topic Presenter

la
1b
2a
2b
3a
3b
da
4b
sa
5b

Introduction

Basic Modelling

Basic Control

Design Principles

Motor Selection
Humanwarei 1

Sensors & Metrology

4th Order System
(Industrial) Digital Control
Course Project

Jan van Eijk
Adrian Rankers

Michiel Vervoordeldonk

Raymond Lafarre
Rik van der Burg

Jaco Friedrich / Adrian Rankers

Adrian Rankers

Michiel Vervoordeldonk

Rik van der Burg
Jan van Eijk

* sequence of modules might be adapted depending on availability of trainers
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Mechatronics System Design

part 2
6a CD-case / Dynamics/ Modes Jan van Eijk / Adrian Rankers
6b Exercise Modelling (20sim) Adrian Rankers / Jan van Eijk
7a Applied Linear Motor Design Rob Munnig Schmidt
7b Electronics & Amplifiers Rob Munnig Schmidt
8a Control System Architecture Rik van der Burg
8b Humanwarert 2 Jaco Friedrich / Adrian Rankers
Qa Metrology / Thermal Design Theo Ruijl
9b Control Design Experiments Michiel Vervoordeldonk
10a Software in Mechatronics Pieter Jan van Bommel
10b Case Waferstepper/scanner Jan van Eijk

* sequence of modules might be adapted depending on availability of trainers
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Day la: Introduction

» Introduction

» Historical Background
» Essence of Mechatronics

» Deriving Servo Specifications
» Introduction Wide Format Printer Case
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Day 1b: Basic Modelling

X(1)

h(t)

Time response single mass-spring system

Modelling of a complete system

Building blocks, reduction, equivalent properties

X(t) 0.2

Step in position; mass = 5 kg, k = 1e3 N/m, stepsize=0.1m
ors
0.1 4
0 4
'
0 ]
0.08 4
3

» What, Why, How ?
o
o
o
» Frequency domain
??B?Iitude 50
-SUIOO uelr?cly [Hz] 0
phase 0 ; ; ; i
[deg]
2005 Lol E |§02
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Day 2a: Basic Control

. s toe d N
» Introduction T"f"' a1 Mess
» Kp/Kv controller

» FRF, Bode, Nyquist \

» Stability LSRN P L]
» (Process) Sensivity [
s Open Loop / Closed Loop Bods plot Nyauist plot

. le 50 T T T 7T Im 15
s Specs => Bandwidth e
-50 i i R 0.5 |
_10010 | | || :102 mjig!l‘imde( pr O??
frequency [Hz] 0 [ 0"'& J
i 1 11 -0.5 ————‘l—PhaSE(-iPPf-*llﬁd-?-s)—
|1 -1 ......
15 :- | _ |
-1.5 -1 -05 0 05 1 1.5
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Day 2b: Design Principles

a7 la_TY=1_AV]

» Degrees of freedom
+ Why?
* How ?

¢+ Manipulators ?

ol Supports Twee translatie's {geen audio)
, Stiffness 0o 0003 |

R — )
v Influence on stiffness by gear/transmission ratios

Comparison torsional stiffness of tubes

ol Vi rtu a_I p I ay, with different cross sections

and equal perimeter O = 4b and wall thickness t

- . 1.3b 0.1b %
Influance on accuracies by disturbances A .
/\ /—\ I* 1 0.59 0.56 0.04 1.6

&) Torsional stiffness k= —— Polar moment of inertia: | = ——2"
! ° ITE
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Day 3a: Motor Selection

Servo motors / Basic operation
Commutation
Lorentz motor

[ [ Motor torque
Torgue speed curve T \
Voltage vs. current control |[prush heating
Thermal behaviour
Limits
Motor selection
Case

DC Motor limitations

Sparking
brushes
(inductive limit)

- Flash over
floating | \ Voltage
brushes max
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Day 3b: Humanware-1

» Introduction / Importance of teamwork

» (Good communcation starts with listening
@ T h e ﬁ ar t C\) @) f g _Combiﬁingdisciplinesprévidesbetters_ollitions C k

» Conclusion

Me, Colleague, Team, Organisation

Organisation

* Know all modern technologies and their applications
* Be able to work out system solutions
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Day 4a: Fourth Order System

» Summary basic control
» Stability criterion
@ 4th Order SyStem Focus on the system with flexibility in the drive ’[rair|1_}{]b motor feedback

- ] C
F
» Implications for control Eom HOH w
d
amplitude -50
[dB]
-100
5 {4 AR
150 g0 07 102
frequency [Hz] \ lc-(m, +m,)
phase 200 N I B —~77 ¢ :\'I m ‘.m _
|deg] | ] I i i ] . Wl 1 2
Op-- |
(Ua =4
IR L \m,
) — N
'OOI(}O 10! 10°
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Day 4b: Metrology

easuring

» Whatis measuring ?

» Properties of the sensor (system) & |
» Basic statistics ——

@ P OS Itl O n m eas u re m e nt d eVI Ces Amount of reflected light is related to distance of object.
Capacitive sensors

Four-Field Sensor

Detector

(Photo-Transistor) Emitter

]

Optical proximity sensing

» Incremental optical sensing

, Emitter (LED)

s € .

Detector

» Position measurement on system level
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Day 5a: Digital Control

The different parts of a digital controlled system

» Introduction

» Digital control loop TRt p e
+
P ‘ - DA . 3 H Motor Hw I(J*s*s) I——»

» Quantization
@ Encoder
@ ADC

» Digital to analog conversion (DAC)

Encoder
O

» Sample frequency and calculation delay
s Setpoint generation and feedforward
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» Wide Format Printer case

» EXxplanation during introduction (day 1a)

» Participants work in 3-4 groups on improvements
» Flip-over presentation of results

mechatronics
T academy

%\ THE HIGH TECH INSTITUTE

Mechatronics System Design (part 1 and part 2) - Overview .\\‘ NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Adrian M. Rankers

brainport



mechatronics
uk academy

brainport

Day 6a: CD-case / Dynamics / Modes
» Compact Disc Player Case L

+  Some Historical Background @T@ \
»  Optical Metrology for Sensing s
» Actuator Principle

» Dynamics made simple
” Simple mass sprint system
v Modal description & mode shapes

» Three fundamental dynamics issues incl. Do's & Don'ts

_ 1oAava oxOvip Hann
I 1

FREQ RESE_
5 T v

> Internal actuator flexibility " i ;
v Flexibility of guiding system Cr T —— :
: : A SR S S Y
» Non-0 Ri gi d6 found ™ T N\ W
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Day 6Db:

» Basic modelling of PiD controlled motion device
» Basics of 20-Sim as modelling tool
» Tuning of PID

+ Requirements => bandwidth

+  Stability margins

» Effect of dynamics

=10l x| =loi=|
Ele Wiew Properties Help ?‘é!‘ew Eﬂ%ms imu\;m Tools Help o — =
. ESCEIE A2 AN S A
BB /K]0
model
ControllenMy -= Gaintinput y
2100 2e-008
2 5 \ 42008
El
Z -0 o012 - gp
=
1 1 10 100 1000
Fraguency (Hz»

= [
2 60 time {s}
B .
w e L ] Output
@ 20
o Sinnuk ing. ~
[ E ed after d Model calculations: 1 ber of output
L) Finished Simulation - 0 0 ———— ~

1 10 100 1000 - I 3

Frequency (Hz) 20-sim 4.1 {c) 2009 Controllab Products B.Y.
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Day /a. Applied Linear Motor Design

» Introduction & Application Examples
» Classification of Motors

» Design Criteria

» Basic Properties

» Short-Range Systems

» Long-Range Systems

» Case Study
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