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Principy meéreni vibraci

e VibraCni teorie a parametry

e Razy
e Posuzovani - hodnoceni vibraci
— Typy signalu

— Parametry méreni signall
— Tridéni informaci

e Merici retezec
— Snimac
— Predzesilovac - uprava signalu
— Mereni a analyza
Zaznam informaci
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Definice

Vibrace jsou oscilace, kde kvantita (pocet
oscilaci) je parametrem definujicim pohyb
mechanického systemu.

Oscilace je zména popsana Casem a
amplitudou poctu - frekvence vztazena na
referenci, kdy amplituda kolisa (je vétsi, Ci
mensi) kolem reference.
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Vibrace v kazdodennim zivote
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Uzitecné vibrace




Mechanické parametry a slozky

Vychylka Rychlost Zrychleni
(tuhost) (poddajr;_,o‘st - elasticita) (motnost)

‘F=kxdl ‘F=cxvl ‘F=mxal

Mechanické systémy sestavaji z pruzin, tlumiéu a hmot ...
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Nejjednodussi forma vibraci...

Vychylka ’
f d = D sino, t LG

3
\/ c“;as=

1 Frekvence'
T (kmito&et)

Perioda, T v [S]

K
% Frekvence, f = %v [Hz = 1/s]
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Volné vibrace

Z Z 7

Pfeména - pfenos energie mezi potencialni a kinetickou formou
(za predpokladu bez tlumeni)

A kinetické energie = - A potencialni energie
omV2=12kD?,aV = (2rf)D

/2 m (2nf)? D? = /2 k D?

e 1k
27 \'m
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Hmota a pruzina

A

v

cas

m+m,

Veétsi hmota = snizeni
frekvence

Il it
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Hmota, pruzina a tlumeni

y
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Zvyseni tlumeni =
snizeni amplitudy m

=
K C,+C,

il

VIB1_uvod_cz, 10 Bruel & Kjar S




Buzeneé - vynucené vibrace

Vychylka
Amplituda
,l I\
A
d. =d e GLEEEEETEEEEE
FAaz Frekvence
+90°
OO
-90° . . >
Frekvence
I
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Vice stupnu volnosti - sdruzené odezvy

Amplituda ,
=—d;+ d,
=L
Frekvence
m
IS d1
Faze , .

rekvence
N = dF o >

-180

F N\
OO
180°
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Odezvovy model struktur

Jeden stupen volnosti Vice stupiu volnosti
Single Degree of Freedom Multi Degree of Freedom
SDOF MDOF
A =
.

1 zJé =

Amplituda Amplituda t F

A

» »

f Frekvence Frekvence
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Odezva v “realném svete”

Amplituda
Rotor
T L
Lozisko Lozisko
 Zaklady

S

Frekvence
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Sily a vibrace

LN
%%
A:(ﬂ \// \%Qo
0 Budici
sily
A n_
I 8 dB

Frekvence
Priciny sil:
e nevyvaha

razy

uvolnéni

VIB1_uvod_cz, 15891875

»
»

-

R R

o
e treni (opotrebeni)
o

Odezva
systému
(pohyblivos -
. poddajnost)

Ty [

Frekvence

Strukturalni

parametry:
e hmota
e tuhost
e tlumeni

»
»

Vibrace

nI 8 dB

»
»

Frekvence
Vibraéni
parametry:
e zrychleni

e rychlost
e vychylka
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Pro¢ mérime vibrace?

e Pro overeni dynamickeho zatizeni
stroje (napriklad pro posouzeni dle
Wohlerovych krivek)

e Zabranéni vybuzeni rezonanci v
dulezitych Castech stroje

e Pro moznost lokalizovat a dale
tlumit Ci izolovat zdroje vibraci

e Pro provadéni bezdemontazni
diagnostiky, monitorovani
provozniho stavu stroje

e Pro moznost pocitacového
< modelovani a ovéreni (analyza
= systéemu)
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Ja kvantifikujeme vibrace?

e Provedeni méreni

e Analyza vysledku (urovné a frekvence)

Pred provadenim analyz je nutno nejprve
specifikovat typy a projevy vibracnich signall a
metodach jejich mereni.
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Typy signalu

Stacionarni signaly Nestacionarni signaly

Deterministické Nahodné Kontinualni Prechodové
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Deterministické signaly

Amplituda Amplituda
A A C D

B
A

Cas

»
»

Frekvence

E Vibrace
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Deterministické signaly harmonickeé

v/

Cas

N/

AN
/ N\ cas

\VANFA

/ \J

\/
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Cas

»
|

2f, Frekvence

Frekvence

»
»

2f, Frekvence
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Harmonicke

Generator A

'_I_I_I_u'\)u/\/\)vvv

(@)
v

as |

I »

»

fo 3f1 5f 1 Frekvence

|

fo 2f, 3f, 4f, 5f, Frekvence
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Nahodnéeé signaly

Cas

Frekvence
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Razy, impulsy, otresy
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Jaky parametr popisu csového signalu pouzit

Peak - Vykmit

Peak-Peak - Dvojamplituda, rozkmit
Average - Prumérna, stfedni hodnota
RMS - Stredni efektivni hodnota
Crest Factor - Krest faktor

Periodicity/Repetition Rate - uroven (mira)
opakovani

e Duration - Trvani, doba jevu
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Popis ¢asového signalu

Amplituda
A |<
Peak- Cas
Peak
A T | . Peak
RMS = \/;JO(X (t)dt Average= T jo x|t Crest Factor: NS
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Popis ¢asového signalu

ItUdaﬂ """ Peak- |Peak
M
Wu LG

1 o7 1 ¢7
RMS\/;IO (x?(t)dt Average= ?,[0 X|dt | Crest Factor: E:/Ia;

)
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Porovnani linearniho a periodického pohybu

Displacement

Detroit | D /\ R
35 Mil \/ \/Time

Rychlostni A Velocity

omezeni /N Tv /\ ‘
S /N \UTime

TEST
0-60 M/h Accele_ration

za 8.6 “N\1a /" \
sekund >

\/ Time

I
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Prevod z vychylky na zrychleni

Vychylka, d1 e

ID /\ | d = Dsinwt
T\ e [e0]

dd
Rychlost, v V = e Do cos wt

‘V:D(D=D2ﬂ:f I
Time

d*d

t2

\/ Time ‘a:DcoZ:D4n2f2 I
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Prevod za zrychleni na vychylku

Zrychleni, al  ~c----- a = Asin ot
A/ N\
g a=A
\/ \/ Time

V = jadt = —Acosa)t

[

Rychlost, v 1 o
A\ | A
V = =
Time o 2nf
A
Vychylka, d 1 d = jj adtdt = — i ot
, d = _
Time 0 4n’f’
I
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Prevod pomoci nomogramu

NOMOGRAM for conversion between acceleration, velocity and Displacement
displacement of RMS vibration levels (or peak levels) at discrete
frequencies. With two known parameters, the other two can be found. AL
Example: If frequency and acceleration level are known, go into the Z hl f ,
nomogram as shown and read the corresponding velocity 1 ryC en I VyCh yI ka
and displacement levels off the respective scales. 10 A A
Acceleration Displacement
d . 1072
_ Velocity J A
v s Velocity 7/
a_> . « i ms " 7
/
10 -4 10 7/ . - —
Accelerzzation > Frequency 1 ./’/’ - V
- _5 ———————
ms t i 10 a . Rychlost
10° -1
NNV AF AT | 4esg” |
104 7 e =] /‘/ 4 7_4102 :
| |~ | 10
103 A > el ] 8 4103 I
10° ] 8 9 410" >
// // // /7 10 HZ
10 %// / /A/ 7/ /A 10 10-5
| | | | 10°
y / / 4 / p y P
/// 7 // // 1021410
Ch 7/ /é? /A/ 4 Q1024 107 f
7 7 7 |
0B | / y ] p " ’ . .
A A 1A 10 Poznamka pro kalibraci:
-3 A y R .
Y AX AN AT AT 210 Pro f=159,2Hz je
-4 A 2 y
" / »d L P d -1
-5 //4 L A0 |/|||| // 111 [ a) — IOOOS
07472775 10 20 50 100 200 500 1k 2k 5k 10k 20k | reduency —
1 10 100 1k 10k RPM
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Meérici retezec

Snimac PredzesilovaC Frekvencni Vystup
a uprava analyza
signalu

SN e £ e —— | fi]
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GIGO

Garbage In = Garbage Out
GIGO

Smeti dovnitr - smeti ven
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