Sila a
zrychlenie

Sila

slov. od 14. stor., Gsilie — .

LAT  vis (vis major, strength, force, power)
GB force (lat. fortis -> fr. force -> en. force)
DE Kraft

FR force
PL sita
HU eré

UA cuna [sila]
RU  cuna [sila]
Cz sila

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

9.3. Snimace sily

deformaéné ¢leny + snimanie :

mech. napétia - tenzometre

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

magnetoanizotropné

zmena elektrického odporu
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Sila

Sila je fyzikalna veli¢ina, ktora predstavuje velkost
vzéjomného posobenia telies.

Znacka F / jednotka Newton [N]

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

1N = kg.m.s?

2. Newtonov zdkon F=m.a
Presna definicia (aj vzhfadom na to, Ze je to jedna zo zékladnych veli¢in) nie je jednoducha.

Na makroskopickej irovni méZeme vzajomné pdsobenie telies (ktoré pozorujeme na zéklade
nasej skiisenosti) nastastie opisat jedinou a jednoduchou vektorovou veli¢inou.

9.3. Snimace sily - aplikacie
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Race Car Suspension
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Seat Testing Machine In-Motion Rall Weigh WTS Brake Pedal Force

Testing



9.3. Snimace sily - aplikacie

ALF304 Brake Pedal Force Sensor Measurement Range  Accuracy [%] Output Load direction
" 5% of F5. e Compression
for measuring brake

Massurement Rangs  Accuracy [%] Output Load direction
BN 4 o F5 Y or

ALF321 Gear Shift Force Sensor Measurement Rangs  Accuracy [%] Output Load dnaction
00N 10.5% of F5. e Bi-direct

lever farces required to achveve

ﬁ ALF313 Hand Brake Force Sensor Measurement Range  Accuracy (%] Output Load direction
] «0.05% of mpression
2 e cal solution ta measurement of

9.3. Snimace sily - W
e,

Deformacné ¢leny . =

Menia posobiacu silu na ina veli¢inu

.nosniky — deformacia, tenzometre
. pruziny — zmena polohy , snima¢ polohy (indukény, fotoelektricky)
. pruzné podlozky — zmena polohy

Diaphragm  Strain gauge

AN —
|- feromag.
i f
Applied
pressure

nosnik tenzomelre

Tenzometre

B

{wer ¢

dU —1—
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9.3. Snimace sily - aplikacie

Force-sensing: A third dimension in automotive touch controls

Synaptics demonstration of a steering wheel touchpad
with force sensing and haptics.

+ Txand Rx channels for 2D touch sensing
§ / +  Compressible elastomer

*  Pressure sensing Rx channels

9.3.1 Deformacéné ¢éleny
Tenzometer — Strain Gauge

Definition of strain, ¢

———1L | AL ¥

10

Tenzometre

Tab. 1 Prehl'ad vlastnosti nalepenych tenzometrov

Tenzometre Polovoedicovy
Tip KSP-2-E3
(Ran)
[ Odpor R [() 110+2%
Sacinitel deformalnef 211 2.141% 12443%
citlivosti K
Teplotny sacinitel
deformacnej citlivosti =0 =0 0.14%
o [17°C]
Teplotny sacinitel
elektrického adporu 1.8 1.8 13.8
Ao f /PG, 1. &°C
Sicinitel teplome] =0 =0 o2
rezrainosti materidlu
tenzometra
afpm/m/°Cf
Vyrobca Kyowa Tokyo Kyowa Tokyo Kyowa Tokyo
Max. relativne
reditenie & [anin +3000 +3000 +2000
DiZka aktivnej mrieiky 2 5 2
tepelna komp ia | tepelna komp ia pre
Pozndmka pre naméhany material- namahany material-
hlinik(23um/m/*C) hlinik(23 um/m//*C)

12




Membrane type gauges: typical pressure sensor

MEMS Tenzometre

Implantable strain gauge

TOP VIEW

SIDE VIEW
(CROSS SECTION)

13 14

Tenzometre

15 16

17 18

Tenzometre

Sila

RIGID BEAM FORCE

N me
R

R1 R3
s —

L 4

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

9.3. Snimace sily
Kapacitné snimace

Table 5.1 Fundamental types of capacitive force transducers (CFTs)

2 Flat Cylindrical Spherical
[2‘ Parallel Coaxial Concentric
- r-, 3
= g
] /)
7 ¥
- .
Dielectric Mednm /
=
E AT el o _dmeann
5 d In(ry /1) n=n
e 2 2




9.3. Snimace sily PPS -
TactArray

Kanarcitnéd enimyge

Active Area Sizes  Array Sizes

/

/" 520 ;
2/ i
| o2 En by

CTA's are

le and can

be molded over complex
shapes like a head

SENSOR MODELS & METRICS

320 o i 30 I

1.5 Ibs (650 g)
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9.3. Snimace s#y zrychlenia
Piezoelektrické snimace

. teliesko so zndmou hmot-nostou m, pri pdsobeni ¢
. F=ma
.— snhimac zrychlenia

. meranie vibrécii, diagnostika, monitc

0)

{ﬂ

Appliod Accoloraon (a)

e O Mass (m)
P—— i CRYSTAL
Matarial — |

L

N
SN
L7

[Tt

i

=
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9.3. Snimace sily
Magnetoanizotropné snimace

i F
‘pledl% l

i
U g
primar

- skrdt

hranol z feromagn. materidly ! 1
(permalloy) + dve vinutia w
prevlecené cez otvory s navza- = @,
jom L osami, tvoria transformator

bez posobenia sily sekundar neviaze ziadny mag. tok, U2 je nulové
pri silovej deformécii nastanu tieto javy (obecne) :

tah — +0o (prediZenie) — r stlpa — mag tok @ stipa
tlak — - o (skratenie) — prklesd — mag tok @ klesa

23

9.3. Snimace sily
Piezoelektrické snimace

. vyuzivaja vznik naboja pri
p6sobenisily (U=QIC)

.smer polarizacie - smer citlivosti Slektiody, F

. statické merania [T

. - naboj po ¢ase "zmizne" = —

—>  vektor polarizicie

. material — piezokeramika

20

9.3. Snimace sily
Piezoelektrické snimace
= P /es g A

13

Typical Performance
Linearity (Error) < +33;

Repealabilily < £ 2.5% of Full Scale
Fysteresls <4 5% of Full Scale

Drift < 55 per Logarithmic Time Scale
‘Response Time = 5psec

Operaling 15°F - 140°F (9°C - 60°C)
Temperature

9.3. Snimace sily
Magnetoanizotropné snimace

snimac pre F = 5000 kN FIRST INTERNATIONAL INSTREMENT EXPOSITION PHILADELPHIA
(fy ASEA Svédsko) T —~ .

. linearita, presnost 0,5 %
. hysteréza

. stlaCenie

. pretazenie

. rozsah teplot

. napdjacia f




9.3. Snimace sily
Zmena elektrického odporu

.vodiva guma
. plastické hmoty (polyuretan)

Materialy vykazuji zmenu odporu pri stlacani
Miera stlacenia umerna sile (niekedy pomocna pruzina)

Poznamka: Materialy majd zna¢nl casovu a teplotni chybu r
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Experiments and Results
DNA Detection Mechanism
|
|
!
s |
__/ . T v
Blank gold surface
(IT) Exposure to 1.0 mM Mercapto-Hexanol in aqueous solution
(I1I) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HCI
1.0 mM EDTA)
B T 57 [[# e EXEEETNTE
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Experiments and Results
DNA Detection Mechanism
Blank gold surface
(IT) Exposure to 1.0 mM Mercapto-Hexanol in agueous solution
(IIT) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HC|
1.0 mM EDTA)
B » oo e
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9.3.2 Rezonanéné 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
3 Exposure to 1.0 mM MCH in
aqueous solution
O saturation is reached after 1hr

MCH Molecule

Resonance Frequency (MHz)
]
3800 ppm

° P
Time (min)
| S Apo. | s6 Q |
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Experiments and Results
DNA Detection Mechanism
]
y
A
1
i #
' /'
AN
—gy
Blank gold surface
(II) Exposure to 1.0 mM Mercapto-Hexanol in aqueous solution
(III) Hybridization with Complementary DNA Solution (1.0 uM/1.0 M NaCl Tris-HCl
1.0 mM EDTA)
B s fe—
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