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Weighting functions and trigger conditions
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« Both the weighting function and the trigger condition depend
on the excitation signal used.
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Mechatronics Training Curriculum
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Mechatronics Academy

@ In the past, many trainings were developed within Philips to
train own staff, but the training center CTT stopped.

@ Mechatronics Academy B.V. has been setup to provide
continuity of the existing trainings and develop new
trainings in the field of precision mechatronics. It is founded

and run by:
@ Prof. Maarten Steinbuch
@ Prof. Jan van Eijk
@ Dr. Adrian Rankers

@ We cooperate in the High Tech Institute consortium that
provides sales, marketing and back office functions.
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Course Directors / Trainers

Course Director(s) / Trainers
 Dr.ir. Pieter Nuij (MaDyCon)
* Prof.Dr.ir. Bert Rozen (Novic)

 Dr.ir. Adrian M. Rankers (Mechatronics Academy)
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Global Program

1 9.00-12.30 Introduction, Dynamics/modal analysis theory Adrian Rankers
Discrete time signals (incl. intro Siglab) Bert Roozen + Pieter Nuij
Frequency analysis Pieter Nuij + Bert Roozen
13.30-16.30 Frequency analysis Pieter Nuij + Bert Roozen
System analysis Bert Roozen + Pieter Nulij
2 9.00-12.30 Excitation Techniques Pieter Nuij + Bert Roozen

- Theory / Demonstration / Exercises
- Discussion/demonstration of error sources

13.30-16.30 Sensors & Calibration Pieter Nuij + Bert Roozen
- Theory / Demonstration / Exercises
- Discussion/demonstration of error sources

3 9.00-12.30 Modal Parameter Estimation Bert Roozen + Pieter Nuij + Adrian Rankers
- Curve Fitting (general)
- Theory of Quadrature Peak Pick and Polynomial
Exercise (“manual”) Quadrature Peak Pick
13.30-16.30 Exercise (“manual”) Quadrature Peak Pick — continued
Measurement Validation Approaches / Paperwork Adrian Rankers + Bert Roozen + Pieter Nuij

Quiz / Lessons-Learned Adrian Rankers + Bert Roozen + Pieter Nuij

Wrap-Up Adrian Rankers + Bert Roozen + Pieter Nuij

mechatr:mcs 5855 HIGH TECH
” == [ dCademy Experimental Techniques in Mechatronics — overview J0ooos INSTITUTE

- ‘Qooof
St t=1

brainport



= = J i
x x-u— e
" S e | votal tme ve;";
q = . Experimental Modal Analysis
I . 1+ The “ART" of measuring & reconstruction !
A _\ | 1 Proper support condiions
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6. Paperwork
- - - s [ + Check, Check, Check. Check 11!
s Introduction, Dynamics/modal analysis theory
» Discrete time signals (incl. intro Siglab) P S
* High frequencies (>f,/2) may cause errors in the spectrum
H H H H H = Different interpretation of samples possible = recons
» Discrete vs. continuous time, Sampling, Nyquist| - e Aneiog AAER
o L . (6th order elliptic) = &\ |
s Aliasing, Anti aliasing filters e 2 13 ]
Taquencies 1 Filter efficiency =
- L] * f,=512kHz -
. M M M et - fue = 25.6 kHz (Nyquist . . .
= ADC, dynamic range, signal to noise ratio £l o Quantization noise
s.“muﬂ“Lm“mum:;“ event aliasing ‘E r‘; R Quantization noise amplitude (s)is proportional to A/D stepsize (2 %)
» Frequency analysis
Parameter Relations
[ — .. . Pl
Memory 1 FFT Finite observation and Leakage
I 'H" af Notperiudlc‘ln Trud A . . .
e e omaton Selection of Weighting Functions
|‘ l o Time | | ! N N ::a\;:ad Rectangular window:
Tl N frequency Only in leakage-free conditions, . 4 5 p
between i.e. analysis of periodic signals only consistin| ExerC|Se U ncerta|nty Pr|nC|p|e
b available lines frequencies coinciding with the FFT analysis
Hanning window: i conti0I\ L [olx
U=y N=Numberofd  Nicely periodicin Most commonly used. bibacailpoi i =
1 T = Record timd opsewal\on Compromise; amplitude correct — good frequl 45 scate, zoom
at= T AfxT=1 Dt = Sampling in window High side lobes may mask neighboring frequ
N f. = Sampling fr > Analysed amplitude.
f, = NxAf Df = Frequency frequency Kaiser-Bessel:
ﬁ?gr;cndes vith Good selectivity (low side lobes): measure cl
True sian] with large amplitude differences.
. rcr P ——— igna
Flat top window:
For precise amplitude measurements of dete|
© Uacratroncsacasamy 81, ExparimaniTacrmiaus n asrmvenic raauans Arais components, for instance for calibration.
Very bad frequency selectivity.
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Day 1 (afternoon)

* Frequency analysis (continued)

« System analysis

Signal Analysis
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Experimental Techniquesin Mechatronics - System Analysis E
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SigLab

Dynamic signal analysis system

Auto spectrum

Guxx(f) =X(f)- X{(1)

Properties: Real valued and positive;
Only amplitude information, o phase information;
Units: V2, (mis?F,

Averages all spectral components to their average power value

Cross spectrum

Gxy(f) =X'(1)- Y()

Properties: Complex valued
Phase is a relative phase (of x with respact to y);
Stresses common frequency components in bath
signals, with consistent phase relationship

» the latter property means.
uncorrelated signal components averages to zero:
cormelated signal companents averages fo average value.

The Coherence Function

G ()
'G“(fHG” (f)

7*(f)=

« It is a real-valued function of frequency;

« It expresses degree of linear relationship between y(f) and x(f);
0<y2(H< 1
uncorrelated correlated
« Coherent power Gyy y2 = part of the signal coherent with reference;

« The coherence only provides useful information when Gy,/(f) and
Gy f) are estimates, i.e. averaged over more than one record.
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Day 2 (morning)

» Excitation Techniques

|
Random Excitation |

Pseudo Random Excitatig i is it
« Random signal: Characterized by power spect . Swept/Stepped Sme’ what is it
(Ger)) [V2/Hz] and amplitude probability densi| * Block of a random signal repeated every T

Impact Excitation

»+ Sinusoidal excitation signal F(t) =
H - max — i
4, iy — \ T . LR A Frequency range inversely
e T T i T it T = proportional to the pulse il
+ Can be band limited according to frequency ra| i N \/ duration. d\ ]
b . . + Serial analysis, using a
interest. + Time period equal to record length T ’ A
Dusdtend e « Li t inciding with analyzer lines tracking bandpass fiiter on Hard tip: I
Ine spectrum coinciding Y: input and output (can be ara tp:
! + No leakage leakage free) narrow pulse
Ee T e * No averaging of non-linearities + Measures only the broad spectrum
+ Signal not periodic in analysis time = Leakagg fundamental component of Soft tip:
estimates. the excitation signal and the broad pulse
system response. TR
narrow spectrum (]

©uechanmnsacssamy BV Expari e Tachniotsin MachaTonics  ExcRason Tachnius

|
Weighting functions and tngger-conc Bias due to mass of tip . .
for FFT system analysis Instrumentation for Modal Analysis
= Both the weighting function and the trigger condition] F =F Mhammer + Mlip i
on the excitation signal used. input = measured e Double hit
INPUT RESPONSE
SXOIATION | cHANNEL CHANNEL | 1K) MEASURED - Rebound of the construction at the hammer
WEIGHTING | WEIGHTING . : : :
T causing a second impact outside the transient
Noise Hanning Hanning Frd el window. -
Chirp Rectangular Rectang Gerl
) F inpul= F, llu’ﬂSllr(’d+F inertial
Impact Force Exponential Input
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Day 2 (afternoon)

Sensors & Calibration

©Mechatronics Acadermy B.V.

Qutline

+ Piezo Force and Acceleration Transducers
+ Laser Doppler Vibrometer

+ Calibration of piezo sensors

+ Hands-on exercises

Experimentsl Techniques n Mechatronics- Sensors and Calibation

Piezo type sensor with charge output

Principle: Charge generation due to deformation of a piezo
effect crystal

F Generated
charge q ~F
Force e I
transducer
Output voltage
T ! Ly s
| V~ForX
i
i
Generated |
Acceleration charge q ~ Charge amplifier
H
transducer i
i

©Machstronics Academy B.V. Experimentsl TechniquesinMechatronics- Sensors and Calbration
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© Machatronics Academy B..

Piezo sensor noise sources (1)

Ground Loop Noise

Equivalent
charge noise

* | Howto cope with ground loop noise
1. Insulation
2. Floating amplifier
3. Differential configuration
4

. Line-drive system

© Mechstrorics Academy 3. Experimental Tachriques in Mechaarics. Sansors snd Calibation

Piezo sensor noise sources (2)

Triboelectric noise

* How to cope with triboelectric
noise?
— Line-drive system
— Low-noise cables

Equivalent
charge noise

© Mechatrorics Academy BV, Experimental Techniques inMechatronis - Sensors and Calibation

Boundary conditions

Soft springs, bungee cords

Free condition: highest rigid
body mode frequency is 10-20%
of the lowest bending mode

Orawing rom: Ewins, D J, Modal Tessng: Thecey and Pracce

© Mechatronics Academy B Experimentsl TechriquesinMechsmonics - Exciation Techriaues
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System identification

D ay 3 (m O rn I n g) ‘ |deMn$al parameter identification

— Damped natural frequencies

— Damping
H . — Mode shapes

» Modal Parameter Estimation oot ™[

modes of vibration \JTFI}

»  Curve Fitting (general) of the structure [W L\

» Quadrature Peak Pick and Polynomial

_ ] | Residuals
» Exercise Quadrature Peak Pick s e L
_ I A —
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- AN ®
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;‘::;es E {E:Iuding
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1234~ N EEER ] stiffness
30 100 30 residuals
Frequency (Hz)

Quadrature picking

Vibrating Beam

« Figure shows the
imaginary part of
the accelerance (or
compliance)
between some
(arbitrary) excitation
point, and the
response points

FRF‘[X"] FRF-{X“’J
AT

Damping and frequency — same at each measurement point
Mode shape — obtained at same frequency from all measurement points

-\ Imaginary
~ Partof FRFs
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Day 3 (afternoon)

» Exercise Quadrature Peak Pick (continued)

» Measurement Validation Approaches

» lestReport
» Special Topics

Cummulatlve Power Spectrum (CPS)
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Periodogram

[Pxx,w] = periodogram(x) returns the power spectral density (PSD)
estimate Pxx of the sequence x using a periodogram. The power spectral
density is calculated in units of power per radians per sample. The

vector of wis in radians per
sample, and has the same length as Pxx

+ Areakvalued input vector x produces a full power one-sided (in frequency)
PSD (by default), while a complex-valued x produces a two-sided PSD

+ Ingeneral, the length N of the FFT and the values of the input x determine the
length of Pxx and the range of the corresponding normalized frequencies. For
this syntax, the (defaull) length N of the FFT is the larger of 256 and the next
power of 2 greater than the length of x The folowing table indicates the
length of Pxx and the range of the corresponding normalized frequencies for
this syntax.

mechatronics

brainport

academy

Pwelch

Welch's method, named after P.D. Welch, is an improvement on the standard
periodogram spectrum estimating method in that it reduces noise in the
power spectra in for reducing the

[Pxx.w] = pwelch(x) estimates the power spectral density Pxx of the input signal
vector x using Welch's method. Welch's method splits the data into overlapping
modified ofthe and
averages the resulting periodograms to produce the power spectral density
estimate.

« The vector x is segmented into eight sections of equal length, each with 50%
overlap

« Any remaining (trailing) entries in x that cannot be included in the eight segments of
equal length are discarded

+ Each segment is windowed with a Hamming window that is the same length as the
segment

Experimental Techniques in Mechatronics

*« WHY ?

+ WHAT ?
+ HOW ?

Measurement Validation Techniques

* WHEN ?

— overview

Test Report

General Guidelines of TAR (TestAcceptance Report)

PLUS:

— List of measurement equipment + ID's

— Photo of measurement setup

- Analyzer Settings

— Driving point FRF of reference mass

— Driving point FRF of system

- Coherence (if meaningful - depending on type of excitation)

— Curve Fits of Modal Parameter Estimation (especially D.P. FRF)
— Modal results (modal mass/stiffness/damping + shapes)
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Sign-up for this training

Via the website of our partner
High Tech Institute

Experimental Techniques in Mechatronics — overview
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