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When vyou take two glasses
between vyour fingers, they
sometimes emit a particular sound
containing a frequency sweep.
Investigate the phenomenon.

Video from 6000 fps camera

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup



Mechanics problem 2

/ <];> Multi collision is observed

@) Frequency sweep is heard

3 Finger between glasses
affect the sound sweeping

= | Effect is not
| observed
without
finger
between
glasses

Effect occurs with finger between glasses

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup




Acoustic pr()blem Background noise is 0 dB 3

@ Main questions .

What is the sound of one | =«
impact?
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Why are the collisions no
longer distinguishable?
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How can we determine
area changing time?
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FFT spectrogram

in Python matplotlib:
Sample rate =44 100 Hz
Window size = 1024 units
Window step = 128 units
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Introduction * First observations * Frequency sweep
* Fingersrole * Experimental setup



Experimental setup 4

Different rods wit different radiuses

Rod

Rubs for
hanging

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup



Camera parameters

Camera view

Camera
Evercam F 2800-8-C
Up to 80 000 fps

Ah Ah

—~ 4%
h

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup




Microphone parameters 6
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External sound card Condenser microphone
Focusrite Scarlett 2nd gen solo AKG P120 (cardioid pattern)
44 100 Hz discretization 20 Hz to 20 kHz response

Signal from sound card VS. Time

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup




Electrical parameters 7
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Power supply Digital oscilloscope
GPS-2303 GW INSTEK AKIP-72204A
Output voltage resolution 100mV Discretization up to 100 MHz

Signal from oscilloscope VS. Time

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup




Sputtering conductor onto glasses 8
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Sputtering setup Sputtered glasses Wires (cold soldered with gold)
Aluminum 2um+30nm Copper 100um+5um

. * First observations * Frequency sweep
@ Introduction * Fingersrole * Experimental setup




Investigation plan 9

* FFT window size
* Psychoacoustic experiment

* Fingers role problem
@ Introduction * Collisions distinction problem
e Experimental setup
e Pendulum analogy
»@ Multi collision ‘ * Finger force \ diameter role
e Restitution coefficient
* Palmgren’s contact model
Contact moment + Time of contact
 FEM impact modelling
* Eigenfrequencies
@ System frequencies ‘ * FEM frequency modelling
e Oscillator frequency

* Oscillations frequency
Pendulum analogy simulation @ System acoustics

Also we have appendix slides for different questions



Qualitative pendulum model 10

Force acting on each Oscillation strain Initial strain
pendulum: Rubs in Hooke's law

F — _kX — f application area

Simple harmonic motion

Pendulums collide before equilibrium

Collision
coordinate

2 (I - 1:equlibrium—impact) :é(ﬂ- —2arcsin ))
4

Constant angular Current
frequency amplitude

Time between collisions:

@ MU|t| CO”iSiOn : Qualitative pendulum model < Time between collisions

2hd Newton’s law model e Restitution coefficient measurement




AmphtUde Cha ng|ng Time between collisions: 11
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Restitution coefficient, units

0 =0,82+0,02
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Collision number, units

Restitution coefficient is constant for different collisions.

. S  (Qualitative pendulum model ¢ Time between collisions
Multi collision P > D€ !
. * Restitution coefficient measurement

2"d Newton’s law model




Time between

Time between collisions: 1 2

[ ] [ ] [ ] T 1 . x
collisions changing > ) =7 (72000
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@ 0015 " " We cannot neglect the air resistance
=
g 0,01 - ]
) u
£ . .
|
0,005 u H
0
1 2 3 4 5 6 7 8 9 10 11 12 13
Collision number, units
: P Qualitative pendulum model < Time between collisions
@ M U Itl COI I 510N 2"d Newton’s law model e Restitution coefficient measurement




Non-harmonic motion 13

Air resistance coefficient Small-angles

Elasticity coefficient Re >> 1 model

e =-M <k

a +K gr” —mglsina

Hooke's

Solve the system by Wolfram Mathematica

NDSolve with Runge-Kutta:

Ui+1 — _qUi : after COI I |S|On Comparison with the real experiment:

@ Multi collision

Qualitative pendulum model < Time between collisions
2hd Newton’s law model e Restitution coefficient measurement



Time of collisions VS. Rod radius 14

2’5 ° . o ege . .
A T| me’ S — theory Initial angle about 5 degrees, initial force 4 N, diameter 6,8 sm, height 8 sm

Attenuation in 5 times ® experiment

—

1,5

Theory describes experiment well!

0,5

Radius, mm
0 >
0 2 4 6 8 10 12 14 16
. S e Qualitative pendulum model <+ Time between collisions
Multi collision © ™ P - ¢ v
e 2" Newton’s law model e Restitution coefficient measurement



Time of collisions VS. Initial elasticity force 15

4

2 rubs | 3 rubs

>4 Time, s

Attenuation in 5 times
3 \
2,5 .
2
s | TN
— theory e X
1 ® experiment TTes—lITIoogT——TTTmeeeeo ; ------------
0,5 Change elasticity by changing rubs count o
Initial angle about 5 degrees, diameter 6,8 sm, height 8 sm, rod 10 mm E I aSt|C|ty fO rce, N
0 >

4 6 8 10 12

0 2
@ MUItl CO”iSiOn : Qualitative pendulum model < Time between collisions

2hd Newton’s law model e Restitution coefficient measurement




Investigation plan 16

Ny * Fingers role problem
@ Introduction Collisions distinction problem

Experimental setup
@ Multi collision

* Palmgren’s contact model
-® Contact moment ‘ * Time of contact

 FEM impact modelling
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Pendulum analogy
Finger force \ diameter role
Restitution coefficient

* Eigenfrequencies

@ System frequencies ‘ * FEM frequency modelling
e Oscillator frequency

* Oscillations frequency
* FFT window size
* Psychoacoustic experiment

FEM mesh

Also we have appendix slides for different questions



Palmgren’s cylinder contact model |

T A Harris and M N Kotzalas,. Rolling bearing analysis, New York, NY: Wiley (2001).

Stiffness 10
parameter Nonlinear power n=
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@ Contact moment | F2merens model

 Time of contact

* FEM contact modelling

e Restitution coefficient calculation



Palmgren’s cylinder contact model [ - 18

W. Yufang and T. Zhongfang. Sound radiated from the impact of two cylinders, % %
Journal of Sound and Vibration, 159 (2) (1992) 295-303.

By Newton’s law application with Yufang and Zhongfang corrections:

2
5max (5 mglaSS V )5 ‘where VO :i
38 K Vi
B Mo 2. 20, j d(6/ S
( VO ) contact v 5
8 K 0 0\/1—(5/5max)2 ---------------
We can assume: / 2
) T
F = Foax SINOL| e 0, =—— ~—
contact

@ Contact moment ) Pfi|mgren's model * FEM contact modelling

 Time of contact e Restitution coefficient calculation




Contact force VS. Time 19
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@ Contact moment * Palmgren’s model * FEM contact modelling

Time of contact e Restitution coefficient calculation




FEM modelling comparison 20

Yinggang Li*, Tianning Chen, Xiaopeng Wang, Kunpeng Yu and Chao Zhang, Theoretical and numerical investigation on impact
noise radiated by collision of two cylinders, Journal of Mechanical Science and Technology 28 (6) (2014) 2017~2024
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= -8000f .
= m— FEM
& -10000¢ === Modified model |
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S -12000+ .
14000} | Digital oscilloscope data
-16000} .
t oy = 0,4120,1ms
-18000 i i contact theory
0 0.05 0.1 0.15
Time(ms)

@ Contact moment * Palmgren’s model * FEM contact modelling

 Time of contact e Restitution coefficient calculation



Time of contact VS. Velocity 21
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@ Contact moment * Palmgren’s model * FEM contact modelling

Time of contact e Restitution coefficient calculation




Investigation plan 22

* Fingers role problem
] @ Introduction Collisions distinction problem
Experimental setup
e Pendulum analogy
@ Multi collision * Finger force \ diameter role
e Restitution coefficient

Palmgren’s contact model
Time of contact
FEM impact modelling

@ Contact moment y
Eigenfrequencies

#@ System frequencies ‘ FEM frequency modelling
e Oscillator frequency

@ System acoustics ‘

Eigenfrequncies simulation

Oscillations frequency
FFT window size
Psychoacoustic experiment

Also we have appendix slides for different questions



FEM eigenfrequencies modelling 23

Flexural waves system, eigenfrequencies model:

Displacement field Volume energy density

_pa)zu/: V . S /Vibration part

~—

L Hga

Eigenfrequency Analysis, COMSOL Multiphysics

_|a) — ﬂy Attenuation part e

a0z 7

m 0.02 0.02

-0.02

Check our model by Fast Fourier Transform

COMSOL meshing

physics-controlled mesh

@ System frequencies * Eigenfrequencies

* Oscillator frequency

* FEM frequency modelling
* Experimental prove



Eigenfrequencies comparison

Eigenfrequency=2427.5 Hz

24

Surface: Total displacement (m)
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Comparison with single glass impact
SVStem frequenCies * Eigenfrequencies * FEM frequency modelling
* Oscillator frequency ¢ Experimental prove



Our system frequency 25
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in Python matplotlib: 1000 W
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@ System frequencies . Sgertreduencies = FEM frequency modelling

* Oscillator frequency Experimental prove




Specific frequency

Ball sound team of Russia solution IYPT 2014:

- Q0

K. Mehraby, H. Khademhosseini
C _ Beheshti,* and M. Poursina, Impact noise
f alr radiated by collision of two spheres:
-~ - Comparison between numerical
d simulations, experiments and analytical
glass results, Journal of Mechanical Science and
Technology 25 (7) (2011) 1675~1685
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- * Eigenfrequencies
@ SVStem frequenCles * Oscillator frequency

FEM frequency modelling
Experimental prove



Frequency VS. Diameter of glasses 27
500 | Frequency, Hz A
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@ System frequencies * Eigenfrequencies * FEM frequency modelling

* Oscillator frequency ¢ Experimental prove




Investigation plan

4.000 Hz
Basilarmembran

@ Introduction

T
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Fingers role problem

Collisions distinction problem
Experimental setup

D
W

\
\\\\\

2 @ Multi collision

Pendulum analogy

Finger force \ diameter role
Restitution coefficient

TN
S

* Palmgren’s contact model
@ Contact moment y

Time of contact

FEM impact modelling

* Eigenfrequencies
INSTITUTE OF @ System frequenciesy
ACOUSTICS AND *
SPEECH b s 000 Hz
COMMUNICATION

FEM frequency modelling

DRESDEN

Oscillator frequency

s #@ System acoustics ‘
Fenster

Oscillations frequency
FFT window size

Psychoacoustic experiment

Also we have appendix slides for different questions



Area changing time 29

- 70

We describe all of the

impact mechanics 00

-60

. . . 3500
Time between oscillations

. 3000
Contact time

. | Frequency )
System frequencies g DiStinCt COIIiSionS Sweep 40%
We also can describe * darea dlféa ==
final sweep sound: ¥00
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Time, s

@ System aCOUStiCS * Fast Fourier Transform ¢ Oscillations sound

* Signal model * Psychoacoustic experiment



Area changing time depends 30
on the window size of
Fast Fourier Transform

FFT spectrogram in Python matplotlib: 1020 unics [ SR RERIIN - T
Sample rate = 44 100 Hz £ : bbbl ==
Window step = 128 units

Hamming window sizunis t. b b b b

2048 units PSSR RS-

A A A o8

Higher window size earlier
frequency sweep!
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* Fast Fourier Transform ¢ Oscillations sound

@ SVStem aCOUSt|CS * Signal model * Psychoacoustic experiment




Fourier transform — Dirac comb 31

Each collision is delta function

One delta function per
window - Rectangle

Periodic delta function structure

per window — Dirac comb
(frequency of periodic structure
and overtones)

Window time affect the
spectrogram view!

Model describes
experiment well
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@ System aCOUStiCS * Fast Fourier Transform ¢ Oscillations sound

* Signal model * Psychoacoustic experiment



Psychoacoustic experiment 32

Interesting model: Our ears — Fourier Transform Filter (wavelet)

4.000 Hz

We ask: What is thg time where sound aamrnse ‘\\\‘}“l“,l'l'lz/l/”"’////
frequency increases? ol /////////’//4

Hz

211 participants, 13 — 40 years old

Control group with immediately frequency changing
(20 participants)

Results: Window size of human ear about 512 units §\§
(if we assume 44100 Hz discretization) . §§
Fenster ‘\\\\
Musician = Man = Woman \‘Uv\

run

.000 Hz

INSTITUTE OF ACOUSTICS AND SPEECH COMMUNICATION DRESDEN Fenster

@ System aCOUStiCS * Fast Fourier Transform ¢ Oscillations sound

* Signal model * Psychoacoustic experiment




Conclusions

Experimental setup wie
IS constructed. | =

It consists of:
Video equipment
Audio equipment

Electrical equipment

i Evercam F 2800-8-C
"\ Upto 80000 fps
e

A—hz4%
h

. * First observations * Frequency sweep
@ Introduction * Fingersrole . Experimentalsetup’




Conclusions 34

Glasses multi collision is described.
According to pendulum analogy
time between collisions decreases by time.

Pendulum analogy
simulation

@ MUItl CO”iSiOn : Qualitative pendulum model < Time between collisions J

2hd Newton’s law model e Restitution coefficient measurement




Conclusions 35

Contact time we can predict well by Palmgren’s
model as well as restitution coefficient.

0 0,1 0,2 0,3 0,4 0,5

200 "~ -

:283 = E N q _ Ubefore Time, ms . . WTHHHW o
Poe Cotheory O 390+ 0 OO |ms
:1288 qexp = 0’ 82+ 01 02 Digital oscilloscope data
o004 Force, N Oreor =0,8520,05 ¢ ~0,41+0,1ms

contact theory

@ Contact moment ) Pfi|mgren's model * FEM contact modelling

Time of contact e Restitution coefficient calculation




Conclusions

We can hear not only eigenfrequencies, but also
specific system frequency.

36

@ System frequencies . Sgentreduencies - ® FEM frequency modelling

* Oscillator frequency ¢ Experimental prove



Conclusions GENERATED SOUND 37

- — {J

Frequency sweep
sound is generated

Further research:

* Prediction of oscillator frequency coefficient
* Detailed attenuation investigation < Detailed material investigation

@ SVStem aCOUStiCS * Fast Fourier Transform < Oscillations sound J

Signal model * Psychoacoustic experiment
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Eigenfrequency=8742.4 Hz Surface: Total displacement (m)

Also investigated: e o
« Parameters measurement: Ly
* Elasticity modulus
* Hooke’s coefficient

* Resistance coefficient
* Poisson coefficient
e Sound attenuation L]

o i 7 I Questions?

* Restitution coefficient . s
(velocity dependence) L.

[~ -0.04
' 0.08

¥ - | Thank you!

[ 0.04 m

Also we have appendix slides for different questions



