-.zrychlenie

9.4. Snimace zrychlenia

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

Pri zndmej hmotnosti telesa m je sila Fmeritkom zrychlenia a.

>
2
y 6
w i
n R
KB
0Obr. 3.77 Tenzometricky n
snimat zrychleni Obr. 3.78b tlumie olej] £ Ay i
Piezoelektricky tlakovy el
snimac zrychleni Obe 3.79
Indukénostni snimaé zrychleni

9. 4. Meranie zrychlenia
Applications of MEMS Accelerometers

Industrial

* Platform stabilization

* Qil drilling orientation

* Robotic telepresence
. Alrbag deploymen!
* Rollover, anti-skid control

Consumer

* Interactive gaming

+ Free-fall detection

* Camera stabilization « Aircraft flight control

* Indoor navigation + Dead-reckoning
eyl

e & Quaitr

9.4. Snimace zrychlenia

a— lim Av dv s
=lim — =22
a0 At dt

Sljednotkaje  M/S2

~———
F=m-a
o
=k Ax "
TLI T
a= i T Zdola nahor:
Tm M &asovy 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?

9.4. Snimace zrychlenia
— akcelerometre

/" ciasomaisivity

Piezoelektrické

Piezorezistivne

9. 4. Meranie zrychlenia

Electromechanical Transduction

« Displacement has to be converted into electrical signal

* Most common sensing mechanisms:
+ *

- Piezoelectric C Piezoresistive Electrostatic

+ Most popular: electrostatic (capacitive) sensing

Parallel Plate Comb Structure

L 4c &2t
dx  (gy-x) &
-~

p— (R & £ thickness, n: # of fingers PO NSORS 2013 |

e
&



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

reevew
.
moceues i
2 B
e secsz
A = oo

RESPONDING TO AN APPLIED ACCELERATION
(MOVEMENT SHOWIM 16 GREATLY

9. 4. Meranie zrychlenia

MEMS akcelerometer

ADXL 202: Micromachined Beam

Tether (Spring)
Anchor Point

30 Sensing cells per axis
1.3 um gaps

1.0 pm feature size

60 fF Source Capacitance

2um Thick Polysilicon
structure suspended 1.6um
above the wafer

10 kHz Resonant
Frequency

4 U
dueto 2g ion = 5nm = 250aF (250x107¢ F)
0. = 90zF (90x102' F)

Beam Deflects 0.4% of gap under a 2 g Force

9. 4. Meranie zrychlenia

MEMS akcelerometer

First Airbag Sensor 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

11

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; Pack.ag_e _1 (-:m2 Beams 1uym Feature Size

N »_ 7 :
" Micromachined
2
10/ Chip:2imm Sensor 400 pm?
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9. 4. Meranie zrychlenia

Evolution of MEMS Accelerometers

* Analog Devices Accelerometer (Automotive)
ADXLS0 (1994)

3] ADXL78 (2001)

ey ADXLISO (2006)

« STMicroelectronics Accelerometer (Consumer)
(2008)

(2010)

4.7mm? (2013)

= 1.0 mm?

2x2x0.9 mm*

12



9. 4. Meranie zrychlenia
MEMS Capacitive Accelerometers

+ Conventional MEMS accelerometer architecture

Lumped-Element Model

Steady state response:
ma, =-kx

¥ X m

a, k |

in

A
Direction of a;,

RS Sensors 2013 ]
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9. 4. Meranie zrychlenia

RAr-AR A/~ _ 0o - 1
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9. 4. Meranie zrychlenia

MEMS akcelerometer

base (substratc)

fized outer
plates 1
Cr=¢1—=¢

! o S

C=CyullCpll - I1Cyy

— AT
T (ﬂﬂ(‘:n‘A_(
— £A Cy

C, a C, tvoria impedan¢ny
A napatovy deli¢

00 1 P

IMHz oscillator

1807 1 $HHH

17
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9. 4. Meranie zrychlenia

MEMS akcelerometer

14

9. 4. Meranie zrychlenia

MEMS akcelerometer

C——— Qo

[m|
,..m...y I [

| SN

g PO .

ACCELERATION

RECTIFIED VoL TAGE OUTPUT TN (
- .
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9. 4. Meranie zrychlenia
MEMS akcelerometer

C, a C, tvoria impedanc¢ny
FH napatovy delic

O 3—.H:F|:|"-—l—(_|_ )

IMHz oscillator

1807 1; 4t

18



9. 4. Meranie zrychlenia

MEMS akcelerometer

X Out

|‘-o—==co|
%

Y Out

et
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9. 4. Meranie zrychlenia

MEMS MX2125 hot bubble

21

1381360, ™ e o 7,
Harold Round &

Arthur Parrott
Birm:

United States patent submitted in John Hetrick's original airbag design from 1953

1919 by two dentists, Harold Round
& Arthur Parrott of Birmingham, England

Aug. 18, 1953 w. wermcx 2640311
T b s o WAt S
il b e

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, tHét

John W. Hetrick

23

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

Courtesy of JP Lynch, U Mich.
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MOBI IRBA

GasGenerator Reaction  Reactmps  Products

AIRBAG VOLUME: 2.3 cubic feet s | M NG
. X0
AIRBAG FILLING TIME: 0.030 seconds et Medles 0, boerd

z 3 Final Reaction. N0 ¥
Chemical Reaction: i = o)

2 NaN, —— 2 Na +3 N, (gas)

sodium azide

Figure 11.

Sensor

Airbag

This control unit triggers the infl@ion device, which generates nitro prspd o

Nitrogen
Gas

Filters. W
Most systems use a weight sensor in the front passenger seat to d %’ = r d

Igniter
https://cecas.clemson.edu/cvel/auto/systems/airbag_deployment e
http://allaboutairbagdeployment.weebly.com/part-three.html

%

24


https://cecas.clemson.edu/cvel/auto/systems/airbag_deployment.html
http://allaboutairbagdeployment.weebly.com/part-three.html

Mechanické

25

(= (9=

STAGE 1 STAGE 2 STAGE 3
INITIAL CONTACT ~ MAXIMUM ENGAGEMENT SEPARATION ) FINAL REST

the airbag deployment decision depends upon acceleration and jerk

Accelerometer 3 in x-direction
T T T T T

50
Pre impact Tmpact Post impact

Mean value: Mean value: Mean value:
0.0041 0.5161

s0g L L L L L

03
time [s]
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 Terminal

v(“.,,..“"‘m Figure 1. Structural components to an Inert

Foil Spinning
Weight  (Electrical Contact)

= ‘J/

Contact

Figure 2. Functional principle to a typical roller type airbag sensor. Source: Erjavec, J. (2010). Au

https://www.azosensors.com/article.aspx?ArticlelD=40
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Airbagy — deploy or not deploy?

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

da d?v d3x
Jerk = —

dt a2~ ar f 20

| ao00
L Deployment ‘Maximum ‘Separation

Contact OS] 1 Engagoment

30 Avek 5000

28
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