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Isaac Newton: Principia Mathematica, 1687.
https://la.wikipedia.org/wiki/Leges_motus_Newtoni

Sila 9.3. Snimace sily

« Sila je fyzikalna veli€ina, ktora predstavuje velkost
vzajomného pbsobenia telies.

« deformacné ¢leny + snimanie :

* mech. napatia - tenzometre

e zmeny polohy - malé vychylky [mm, um]
« piezoelektrické - nevhodné pre statické merania
* kapacitné

2. Newtonov zdkon F=m.a » magnetoanizotropné

* zmena elektrického odporu

*Znacka F / jednotka Newton [N]

* 1 newton je sila, ktora udeli telesu s hmotnostou 1 kg
zrychlenie jeden meter za sekundu na druhu.

*1N = kg.m.s?

Presna definicia (aj vzhladom na to, Ze je to jedna zo zakladnych veligin) nie je jednoducha.

Na makroskopickej irovni mdézeme vzajomné posobenie telies (ktoré pozorujeme na zaklade
nasej skisenosti) nastastie opisat jedinou a jednoduchou vektorovou veli¢inou.

9.3. Snimace sily - aplikacie 9.3. Snimace sily - aplikacie

o - . ALF304 Brake Pedal Force Sensor Measurement Range  Accuracy [%] Output Load direction
e ) ) B 25kN 20.05% of FS. myv Compression
et % = Compact, low profile loadcell for measuring brake
£ @ i T 0 st cion | pedal application forces
Losacets
e m m
ALF305 Seat Belt Tension Force Sensor Measurement Range  Accuracy [%] Output Load direction
. Race Car Suspenglon 16kN 3% of FS. mvv Tension
Pedal Force Testing Bolt Fastening Force and P High performance loadcell for measuring seat belt
Torque Testing tension forces

WTS-AM-1E Module An excellent technical solution to measurement of

I I I I I I WSS oy ALF319 Hand Brake Force Sensor Measurement Range  Accuracy [%] Output e ek
kN 40.05% of F.S. mvNV Compression
- oW = —] /

Tracks (A an ergonomic force
3
= D Supplied Software / b/
(oE=p - I I Lol Y / ALF321 Gear Shift Force Sensor Measurement Range  Accuracy [%] Output Load direction
e necan-tiss e - £ 200N 05% of FS. myv Bi-directional
Measures gear lever forces required to achieve
Seat Testing Machine In-Motion Rail Weigh gear selection

WTS Brake Pedal Force
Testing




9.3. Snimace sily - aplikacie 9.3. Snimage sily

.
Force-sensing: A third dimension in automotive touch controls D efo rm aé n é é I e n y
, S £ % ;
3 : Menia pdésobiacu silu na int veli¢inu \%

* nosniky — deformacia, tenzometre

e pruziny — zmena polohy , snimac polohy (indukény, fotoelektricky)
¢ pruzné podlozky — zmena polohy

Synaptics demonstration of a steering wheel touchpad

' i Diaphragm  Strain gauge
with force sensing and haptics. o " gl :

Ay
* Txand Rxchannels for 2D touch sensing
o feromag.
/ * Compressible elastomer jadro t
/ *  Pressure sensing Rx channels ;\ Applied
pressure

nosnik tenzometre cievka

Membrane type gauges: typical pressure sensor

Tenzometre MEMS Tenzometre

Implantable strain gauge

Suture Loop

Ohmic Contacts

| TOP VIEW

L/ I
N fim SIDE VIEW
60pum (CROSS SECTION)
%17 4 s
P, 1.7 mm
C v.o W4 B T
v,
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Sila

RIGID BEAM FORCE

R1 R3

R2 R4

Figure 3.83: A beam force sensor using a strain gage bridge




9.3. Snimace sily 9.3. Snimace sily PPS - TactArray
Kapacitné snimace Kapacitné snimace

SENSOR MODELS & METRICS

Active Area Sizes Array Sizes
PR 320 7 3
Table 5.1 Fundamental types of capacitive force transducers (CFTs) / e
/ i ERHEEIE
é Flat Cylindrical Spherical iy 7 320 EFHf 32
= Parallel Coaxial Concentric A
32 :"2 i
CTA's are flexible and can | units mm. *Not to scale  units number of sensor
be molded over complex elements
o d shapes like a head
=
2
>
S
Dielectric Mad ium Sensor Characteristics & Performance”
<
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9.3. Snimace sily
Piezoelektrické snimace

* vyuzivaju vznik naboja pri
posobeni sily (U= Q/C)

9.3. Snimace sily zrychlenia
Piezoelektrické snimace

« teliesko so znamou hmot-

nost'ou m, pri pésobeni sily
F=m.a

* smer polarizacie - smer citlivosti elektrédy, F — snimag¢ zrychlenia

« statické merania
- naboj po €ase "zmizne"

* meranie vibracii, diagnostika,
monitoring

* material — piezokeramika

Applied Acceleration (a)

Bousog e Mass (m)
+ Signal
Piezoelectric >y — Leads
Material

elektrédy

9.3. Snimace sily \;,1; 9.3. Snimace sily
Piezoelektrické snimace %Cwe Magnetoanizotropné snimace
S L

o
el f ‘é"

Ul g:

primér

hranol z feromagn. materialu
(permalloy) + dve vinutia
previe€ené cez otvory s navza-
jom L osami, tvoria transformator

Typical Performance

Linearity (Error) < +3%
Repeatability <+ 2 59% of Full Scale

bez poésobenia sily sekundar neviaze Zziadny mag. tok, U2 je nulové

Hysteresis < 4 59, of Full Scale

Drift <5% per Logarithmic Time Scale pri silovej deformacii nastand tieto javy (obecne) :

Response Time < 5psec tah — +0 (prediZenie) — pr stipa — mag tok @ stipa
Operating 15°F - 140°F (-9°C - 60°C) tlak — - o (skratenie) — prklesd — mag tok ® klesa

Temperature




9.3. Snimace sily
Magnetoanizotropné snimace

snimac pre F = 5000 kN FIRST INTERNATIONAL INSTRUMENT EXPOSITION PHILADELPHEA
(fy ASEA Svédsko) O, O

« linearita, presnost 0,5 %

« hysteréza 0,2 %

« stlaCenie 0,05 mm

« pretazenie 200 %

* rozsah tepl6t +20 + +80 °C
* napajacia f 50, 60, 400 Hz

SEA

9.3.2 Rezonan¢éné snimace sily

Detekcia DNA

Piezoelectric Disk Resonators for
Direct Molecular Sensing

O Rotational mode disk resonators are demonstrated as direct
real-time bio-molecule monitors
O Exposure to 1.0 mM MCH in
aqueous solution

U Saturation is reached after 1hr

Resonance Frequency (MHz)
NN NN ~
ML L oW oW N
g8 8 8 L 8
¥ g2 8 8 8 3

~
&

0 20 a0 60
Time (min)

.nmvx‘ixm 56

Experiments and Results

DNA Detection Mechanism

Blank gold surface
(IT) Exposure to 1.0 mM Mercapto-Hexanol in aqueous solution

(ITI) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HCI
1.0 mM EDTA)

ﬂmm ‘R i

il ) NV ipous| 5

9.3. Snimace sily
Zmena elektrického odporu

*vodiva guma
* plastické hmoty (polyuretan)

Materialy vykazuju zmenu odporu pri stlac¢ani
Miera stla¢enia imerna sile (niekedy pomocna pruzina)

Poznéamka: Materialy maju znacnt Easovu a teplotnt chybu F

Experiments and Results

DNA Detection Mechanism

\ ’-/ /-
’ —V
Blank gold surface

(IT) Exposure to 1.0 mM Mercapto-Hexanol in aqueous solution
(ITI) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HCI

1.0 MM EDTA)
mD'l N‘Vl“l(- 57 ﬁw‘i

Experiments and Results

DNA Detection Mechanism
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Blank gold surface

(IT) Exposure to 1.0 mM Mercapto-Hexanol in agueous solution

(ITI) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HCI
1.0 mM EDTA)

R snsors 20131
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9.4. Snimace zrychlenia

. Av dv s
a=lim — = —
At—0 At dt

Sl jednotka je rTl/S2

T ~— Tt
F=m-a
a
F=Fk Ax ) "
|-|—|_| Tt
a= ﬁAI Zdola nahor:
T m M Casovy priebeh zrychlenia a(t),
ay = x— integral zrychlenia je rychlost’ v(t),
R? a integrovanim rychlosti ziskame
priebeh drahy s(t).

9,764 — 9,834 m/s?

— akcelerometre

Acceleration

piezoresistivity

W

—
" Beam (Seismic mass)

Piezoelektrické

Shear Effect

T

Piezorezistivne TN

R

9. 4. Meranie zrychlenia

7
Electromechanical Transduction
Displacement has to be converted into electrical signal
Most common sensing mechanisms:
o *
- Piezoelectric Piezoresistive Electrostatic
Most popular: electrostatic (capacitive) sensing
Parallel Plate Comb Structure - l g
o
dC _ ew-t (4 dC _e-2n't T
dx (g, -x) e
m% &)ualrr 8o 1: thickness, n: # of fingers QIEEE m

9.4. Snimace zrychlenia

e Zrychlenie a =dv/dt
* Newtonov zakon F = m.a

Pri znamej hmotnosti telesa m je sila Fmeritkom zrychlenia a.

3. pruZiny +Ad
5 ] tuhosti &
y 6
N m
P - .
N i 2 U ¢
£ - ;
Obr. 3.77 Tenzometricky |
snimac zry:hleni Obr. 3.78h tlumici ole +A) kmitajici
téleso M
Piezoelekricky tlakovy

Obr. 3.79

snimac zrychleni
Indukénostni snimaé zrychleni

9. 4. Meranie zrychlenia
Applications of MEMS Accelerometers

Industrial

+ Platform stabilization
= Qil drilling orientation
* Robotic telepresence

i Automotive
* Airbag deployment
* Rollover, anti-skid control

Consumer

* Interactive gaming

¢ Free-fall dete.t.:tio{\ Military (
* Camera Sta_b“l%ﬁhon «  Aircraft flight control

;. Indoor navigation + Dead- reckonmg
Gograla Qualtr LLE SENSORS 2013 |

9. 4. Meranie zrychlenia
MEMS akcelerometer

ADXL202: £2 g Dual Axis Accelerometer

Features

» X'and Y Axis on a single chip = Small size and lower cost

» 250uA per Axis = Low power battery operation

» 3.0V to 5.0V Operation = Low power battery operation

« Surface mount package = Small size and ease of use

* High resolution PWM converter = Direct interface to micro (No A/D)
* iIMEMS = Low cost AND high performance

TEEVIEV!

7 B cor sl

RESPONDING TO AN APPLIED ACCELERATION
SENSGR ATREST (MOVEMENY SHOWN IS GREATLY



9. 4. Meranie zrychlenia

MEMS akcelerometer

1.3 Micron Gap

125 Micron
Overlap

2 Microns Thick

9. 4. Meranie zrychlenia

MEMS akcelerometer

ADXL 202: acceleration sensor

SMT Package 1 cm? Beams 1uym Feature Size

ARIAL
ANALOG

ADXL202

Micromachined

i 2
IC Chip 2 mm Sensor 400 um?

9. 4. Meranie zrychlenia

Evolution of MEMS Accelerometers

= Analog Devices Accelerometer (Automotive)
ADXLS0 (1994)
T i §

31 ADXL78 (2001)
ADXL180 (2008}

R

2.5mm?

« STMicroelectronics Accelerometer (Consumer)
(2008)

(2013)

Source: Yole Développement, “MEMS Packaging sample report™; 2012 LIS2DH

2x2%0.9 mm?

9. 4. Meranie zrychlenia
MEMS akcelerometer

ADXL 202: Micromachined Beam

Tether (Spring)
Anchor Point

30 Sensing cells per axis
1.3 pm gaps

1.0 pm feature size

60 fF Source Capacitance

400um

2um Thick Polysilicon
structure suspended 1.6um
above the wafer

10 kHz Resonant
Frequency

00 um 4
! 400 ur

Deflection due to 2 g Acceleration = 5 nm = 250aF (250x10-'¢ F)
ini lvable Deflecti = 0.04Angstroms = 90zF (90x102' F)
Bearw Deflects 0.4% of gap under a 2 g Force

9. 4. Meranie zrychlenia

MEMS akcelerometer

XL50 XL150 XL250 XL202

First Airbag Sensor 2nd Gen Airbag 2nd Gen Airbag 2 Axis 2g

50g Analog Output 50g Analog Out 2 Axis 50g Analog  Digital Output

1993 Saab out 1.2X XL150
Side Impact

9. 4. Meranie zrychlenia
MEMS Capacitive Accelerometers

+ Conventional MEMS accelerometer architecture

Lumped-Element Model
it S Sl Sl

i Steady state response:

Direction of g;,

YR SENSORS 2013 |



9. 4. Meranie zrychlenia

MEMS akcelerometer

9. 4. Meranie zrychlenia

MEMS akcelerometer

C——

CLOCK A

— MOVABLE BEV [

;
;

O

(|
|

ACCELERATION
-—
. l

P>-pas

CLOCK B

3

1)

RECTFIED VOLTAGE OUTPUT

o
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P

4

SYNCHRONOUS DEMOOULATOR

9. 4. Meranie zrychlenia

MEMS akcelerometer

C, a C, tvoria impedanc¢ny

(O 4 H%ﬂF—l—(_L

1MHz oscillator

Vs
\’Y
a; >0 EFI:Fb"
Vi
Va
¥ 1

4 buffer
C H>—T—b demodulator
180° 1 4HFFH——T %

jUd:bI napatovy deli¢
Vour~AC
ksd
a=———Vg.
mVy *

V

out

out

out

]

out

!T

9. 4. Meranie zrychlenia
RAFAAD

9. 4. Meranie zrychlenia

MEMS akcelerometer

base (substrate)

motion, ¥ ﬁled outer " "
plates
e N =eq4— = =Gy —AC,
‘movable plates Cr=ea PRI e Co — AL,
| —
n— (e — C1 = C11 Il C12 Il C1n
14 _ —
—
[ =" v P ac_ AC
e ! Pvlri:):fal;l:ss: @ e oy
=
C, a C, tvoria impedanc¢ny
- napatovy deli¢
o rRrH— |
i G v buffer 5 .
1MHz oscillator = R Aomaditiatai ow ~AC
c >_T_.V B
180° 1 ¢ —— ?

9. 4. Meranie zrychlenia

MEMS akcelerometer

X Out

Y Qut

T

me=c5c00
5




9. 4. Meranie zrychlenia

MEMS akcelerometer

* Piezoresistive MEMS accelerometer

— Operating Principle: a proof mass attached to a silicon
housing through a short flexural element. The implantation of
a piezoresistive material on the upper surface of the flexural
element. The strain experienced by a piezoresistive material
causes a position change of its internal atoms, resulting in the
change of its electrical resistance

— low-noise property at high frequencies

Heavily Implanted
Conductors

Chip Surface

Light
Foied
Piezoresistor

Courtesy of JP Lynch, U Mich.

AUTOMOBILE AIRBAG GasGenerator Reaction | Reactants | Products \
AIRBAG VOLUME: 2.3 cubic feet e | W | oy |
N N E0
AIRBAG FILLING TIME: 0.030 seconds g K0, e
4 ; 7‘5‘/0 alkaline silicate
Chemical Reaction: R o @)
2 NaN;, —> 2Na+3 N, (gas)
sodium azide
Steering
“Wheel AlrBag
Figure 11.
e
@ .
Airbag MNitrogen
gas
® o |
L
o

This control unit triggers the infl@libn device, which generates nitrog@jgas by igniting a mixture of
sodium azide (NaN3) and potasSttim nitrate (KNO3). The time betw Air Bag Inflation Device

complete deployment of the airbag is approximately 0.05 seconds. T )
mph, which itself can be harmful in certain cases. Nigggen

Filters _

Most systems use a weight sensor in the front passenger seat to detsm.:.vf\

If it is not, the passenger airbag will not deploy. The weight sensor c: -

children and adults who may be occupying the seat.
https://cecas.clemson.edu/cvel/auto/systems/airbag_deployment.h
http://allaboutairbagdeployment.weebly.com/part-three.html

Igniter -

9. 4. Meranie zrychlenia

MEMS MX2125 hot bubble

A H. PARROTT AND H. ROUND.
At CUSHION,

1,331,359, Tatented Feb, 17, 1920, >

Harold Round &
Arthur Parrott
Birmingham dentists,
and pioneers of early

airbags patented
1919

Figl

United States patent submitted in John Hetrick's original airbag design from 1953
1919 by two dentists, Harold Round Aug. 18, 1953, w. vermics 2649311

& Arthur Parrott of Birmingham, England B ke n v

Allen K. Breed (1927-2000),
who developed a variety of
different ways of triggering
the explosion of gas inside
an airbag just before the
impact of a crash.

Bellis, Mary. "The History of Airbags." ThoughtCo,
Feb. 11, 2020, thoughtco.com/history-of-airbags-
1991232.

vaTor
John W, Hetrick

W @xplainthatstuff com

Mechanické




Acceleration (g), Speed (km/h)

Sensing Plate
(Gold Plated)

Mechanické

Cylinder Seal

Pole Piece

Plastic Terminal

Housing

Figure 1. Structural components to an
Inertia sensor. Source: Duffy, J.E.
(2001). I-Car Professional Automotive
Collision Repair. New York: Delmar, a
division of Thomas Learning.

Magnet

Terminal

Foil Spinning
Weight (Electrical Contact)

Figure 2. Functional principle to a typical roller type airbag sensor. Source: Erjavec, J. (2010).
Automotive Technology: A Systems Approach. New York: Delmar, Cengage Learning.

https://www.azosensors.com/article.aspx?ArticlelD=40

Airbagy — deploy or not deploy?

Longitudinal Speed, Acceleration & Jerk
Offset Head-on Crash Test - Bullet Vehicle (2016 Crash Test #2)

da d*v d3x
l erk = E = dtz = ﬁ ~———Acceleration (g) 2000
~Speed (km/h)

——derk (g/s)

30 1 1000
0
101 -1000
-2000
0020
10 | -3000
20 1 T -4000

L2 Depioyment Separation
Contact TP 1

30

-5000

Jerk (g/s)

STAGE 1
INITIAL CONTACT

STAGE 2

MAXIMUM ENGAGEMENT FINAL REST

STAGE 3
SEPARATION =

the airbag deployment decision depends upon acceleration and jerk

Accelerometer 3 in x-direction

+50g T
Pre impact Impact Post impact
’ "
Mean value: Mean value: Mean value:
0.0041 —1.3652 5.
50g I I I I I
0 0.1 02 03 04 05 06

time [s]



