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Abstract: The article deals with the effective design of vibro-diagnostics of sources caused
by self-excited vibrations of a high-speed spinning headstock bearing generated by residual
unbalance, the quality of production and assembly of high-speed spinning headstock com-
ponents. It also analyses the dynamic load from external vibration sources, primarily from the
guide and pressure pulleys of the drive belt, as well as the effect of the Eigen frequencies of
the Eigen modes of the test equipment. The article suggests the possibilities of analysing the
dynamic load of high-speed headstock bearings using diagnostic sensors and it also indi-
cates the calculation of the sound power level from the vibration velocity of the high-speed
spinning headstock and/or another analysed component. The aim of this article is therefore
to contribute to the reduction of energetic, dynamic (vibration and noise) and economic de-
mands using operational condition monitoring in the production of textile yarn by improving
the performance properties of high-speed bearings of spinning headstocks, which form an
essential part of spinning technology.

Keywords: high-speed spinning headstock, diagnostic sensor, vibration and noise reduction,

monitoring.
1. INTRODUCTION

Dynamic loading has a significant effect on
the lifetime of the high-speed spinning head-
stock bearings, as well as on increasing the
noise in the working environment, which neg-
atively affects the health and work perfor-
mance of employees [1, 2]. The operability and
lifetime of high-speed spinning headstocks
is increased if their dynamic load is reduced,
either from their primary source of vibration
and/or from external sources, such as the belt
drive, guide and idler pulleys and from the
natural frequency of the test equipment. For
high-speed spinning headstocks, the prima-
ry sources of vibration are the degree of bal-
ance of the bowl, since the centrifugal force
generated from the imbalance with the given
mass and geometric parameters is propor-
tional to the square of the angular velocity of
the rotor of the high-speed spinning unit [15].
Diagnostic sensors also analyse the influence
of the natural frequencies of the test equip-
ment components and by using the values of

1. UVOD

Dynamické zatazenie ma vyznamny vplyv na
zivotnost lozisk rotujiceho vretennika ako aj
na zvysovanie hluku v pracovnom prostred;,
ktory negativne vplyva na zdravie a pracov-
nu vykonnost zamestnancov [1, 2]. Prevadz-
kyschopnost a Zivotnost vysokorychlost-
nych spriadacich vretennikov sa zvysuje, ak
sa znizuje ich dynamické zatazenie, ¢i uz od
vlastného zdroja kmitania, alebo externych
zdrojov, ako je napriklad od pohonu reme-
nom, vodiacich a napinacich kladiek a od
vlastnej frekvencie skuSobného zariadenia.
Pre vysokorychlostné spriadacie vretenniky
sU primarne vlastné zdroje kmitania, a to pre-
dovsetkym stupen vyvazenia misky, ked'ze
generovana odstrediva sila od nevyvazku pri
danych hmotnostnych a geometrickych para-
metroch, je Umerna kvadratu uhlovej rychlosti
rotora spriadacej jednotky [15]. Diagnhostickeé
senzory analyzuju aj vplyv vlastnych frek-
vencii komponentov skuSobného zariadenia
a pomocou hodn6t zrychlenia kmitania na-
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the acceleration of vibration measured by the
sensor it is possible to calculate the sound
power level of the high-speed equipment and
thus also allow the calculation of the sound
power level of the spinning unit itself [14, 18].
Fora planned number of spinning headstocks,
the sound pressure level in any workplace can
be calculated from the calculated sound pow-
er levels of the spinning unit.

By reducing the dynamic load (vibration) of
the high-speed spinning unit bearings, with
respect to the surrounding environment and
people, the emissions of noise and mechani-
cal vibrations will be reduced, i.e. the working
environment will be improved and the main-
tenance-free lifetime will increase, which was
also the goal of the research. The previous
research employing dynamic analysis con-
firms that minimizing dynamic forces may be
achieved by a vibro-acoustic diagnosis based
on creation of diagnostic models and design-
ing diagnostic systems for determining the
quality of production of high-speed spinning
headstocks, or methods and techniques of
monitoring, determining their operational
status and measures to reduce vibration and
noise [6, 7, 11, 13].

In comparison to other diagnostic methods,
vibro-diagnostics makes it possible to de-
termine not only structural defects or faults,
but also their causes, namely ovality, exces-
sive clearance, fault to bearing elements, in-
sufficient and unprofessional technological
assembly, insufficient balance, wear, insuffi-
cient lubrication. In this case, the analysis of
the vibration of high-speed spinning head-
stocks is focused on the primary reduction of
dynamic load, that is, on detecting the causes
of increased dynamic load on the bearing of
high-speed spinning headstocks with the use
of diagnostic sensorsin ordertoincrease their
lifetime and reliability without the necessary
maintenance and re-lubrication during their
operational lifetime [4]. Based on a performed
long-term frequency analysis and the pro-
cessed trend characteristics using diagnos-
tic sensors, effective measures for increasing
the lifetime of high-speed spinning units were
proposed to the manufacturer and the opera-
tor. For the user, the advantage of trend char-
acteristics lay in the appropriate selection of
lubricants which extend the maintenance in-
terval and the bearing lifetime of high-speed
spinning headstocks.

meranych senzorom je mozné vypocditat hla-
dinu akustického vykonu vysokorychlostného
zariadenia a teda umoznuju aj vypocet hladi-
ny akustického vykonu samotnej spriadace;j
jednotky [14, 18]. Z vypocitanych hladin akus-
tického vykonu spriadacej jednotky mozZno
pre planovany pocet spriadacich vretennikov
vypocitat vyslednu hladinu akustického tlaku
na l'ubovolnom pracovnom mieste.

Znizovanim dynamického zatazenia (kmita-
nia) spriadacich jednotiek sa vzhladom na
okolité prostredie a cloveka znizia emisie
a imisie hluku a mechanického kmitania, teda
zlepsi sa pracovne prostredle a zvysi sa bez
udrzbova zivotnost, ¢o bol aj ciel vyskumu
DoterajSia dynamlcka analyza potvrdzuje, ze
prostriedkom minimalizacie dynamickych sil
je vibro-akusticka diagnostika spocivajuca
v tvorbe diagnostickych modelov, navrhovani
diagnostickych systémov na zistovanie kva-
lity vyroby vysokorychlostnych spriadacich
vretennikov, metdd a technik monitorovania,
urcovania ich prevadzkového stavu a opatreni
na znizovanie kmitania a hluku [6, 7, 11, 13].

Oproti inym dlagnostlckym metodam vibro-
diagnostika umoznuje stanovit nielen kon-
strukcny nedostatok alebo poskodenie, ale
aj ich pric¢iny, a to ovélnost, nadmernu volu,
poskodenie elementov I02|ska nedostato&ny
a neodbornu technologlcku montaz, nedo-
statocnu vyvazenost opotrebovanie, nedo-
stato¢né mazanie. V danom pripade sa analy-
za kmitania vysokorychlostnych spriadacich
vretennikov sustred'uje na primarne znizenie
dynamlckeho zatazenia, teda v detegovanl
pri¢in zvyseného dynamlckeho zatazenia lo-
ziska spriadacich vretennikov s vyuzitim diag-
nostlckych senzorov tak, aby sa zvysila ich
zivotnost a spolahhvost bez potrebnej udrzby
a domazavania pocas ich prevadzkovej zivot-
nosti [4]. Na zaklade vykonavanej dlhodobej
frekvencnej analyzy a spracovanych trendo-
vych charakteristik s vyuzitim diagnostickych
senzorov sa vyrobcovi a prevadzkovatelo-
vi navrhli efektivne opatrenia na zvysovanie
zivotnosti vysokorychlostnych spriadacich
Jednotlek Na strane druhej uzivatel moze Vy-
uzit trendové charakteristiky pre vhodny Vy-
ber mazadiel, ktoré predIZUJu ¢asovy interval
udrzby a zivotnost loziska vysokorychlost-
nych spriadacich vretennikov.
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2. GOAL, METHODOLOGY OF MEASURE-
MENT AND MEASURING EQUIPMENT
2.1. Objectives
The main aim of the experimental measure-
ments presented in this study is to determine
the magnitude of the dynamic load of the
high-speed spinning headstock bearings for
a given type of lubricant and a given operating
rotational frequency during its planned life-
time using diagnostic sensors that are in direct
contact with the outer ring of the bearing [4].
This method is based on the assumption that
adamaged or worn spinning headstock will
show a greater dynamic load (vibration, noise),
and therefore a greater power consumption.
In addition to the increased dynamic load on
the headstock bearing, this also results in an
increase in the temperature of the headstock
body, which has so far, been the only indicator
of the operating state of the high-speed spin-
ning units. The further aim of the experimental
measurements was also the analysis of the in-
fluence of external sources generating vibra-
tions affecting the dynamic load of the high-
speed spinning headstock bearing [5].
2.2. Methodology
The content of the article is also the elabo-
ration of the methodology of measurement
and monitoring of the operating condition of
manufactured and operated bearings of high-
speed spinning headstocks.
To measure the temperature and monitor
the operating condition of the headstock,
atemperature sensor mounted on the outer
ring of the headstock bearing has been used
so far. However, the temperature measure-
ment proved to be insufficient and therefore,
a methodology was developed to measure the
acceleration of the vibration, using a special
B&K 4518 accelerometer. The choice of the
measurement location has adecisive influ-
ence on the correctness of the vibration mea-
surement results too. This fact is confirmed
by Tab. 1, which shows the effective vibration
values for three different measurement loca-
tions. One is directly at the headstock bearing
and two measurement locations that had been
used before the measurement methodolo-
gy was developed at arelatively inaccessible
measurement location, are close to the head-
stock bearing [3, 9, 10, 14, 16]. From the mea-
sured values of vibration acceleration, alarge

2. CIELE, METODIKA MERANIA A MERACIA
TECHNIKA

2.1. Ciele

Ciel experlmentalnych merani je zistit velko-
st dynamického zatazenia lozisk vysokorych—
lostnych spriadacich vretennikov pri danom
druhu maziva a danej prevadzkovej frekven-
cie otacania pocas jeho planovanej zivotnosti
s vyuzitim diagnostickych senzorov, ktoré su
priamo v kontakte s vonkajsim kruzkom lozis-
ka [4]. Pri tejto metode sa vychadza z pred-
pokladu, ze poskodeny alebo opotrebeny
spriadaci vretenmk bude vykazovat vacsie
dynamlcke zatazenie (kmitanie, hluk) a teda
aj vacsi prlkon To sa okrem zvysSeného dyna-
mického zatazenia loziska vretennika preJaV|
aj narastom teploty telesa vretennika, ¢o bol
dosial' jediny ukazovatel prevédzkového stavu
spriadacich jednotiek. Ciel' experimentalnych
merani bola aj analyza vplyvu externych zdro-
jov generUJucmh kmitanie ovplyviujucich dy-
namické zatazenie loziska vysokorychlostné-
ho spriadacieho vretennika [5].

2.2. Metodika

Obsahom c¢lanku je aj spracovanie metodi-
Ky merania a monitorovania prevadzkového
stavu vyrabanych a prevadzkovanych lozisk
vysokorychlostnych spriadacich vretennikov.
Na meranie teploty a sledovanie prevadzko-
vého stavu vretennika, sa dosial pouzival sen-
zor teploty pripevneny na vonkajSom kruzku
loZiska vretennika. Ukdzalo sa vsak, Zze mera-
nie teploty nie je dostacujuce, a preto sa spra-
covala metodika na meranie zrychlenia kmi-
tania, kde sa pouzil Specialny akcelerometer
B&K 4518, ROZhOdUJUCI vplyv na spravnost vy-
sledkov merania kmitania ma vsak vyber me-
racieho miesta. Tuto skuto¢nost potvrdzuje aj
Tab. 1, kde sa uvadzaju efektivhe hodnoty kmi-
tania pre tri rézne meracie miesta, a to priamo
na lozisku vretennika a dve meracie miesta,
ktoré sa pouzivali pred spracovanim metodiky
merania, na relativne nepristupnom meracom
mieste, suvjeho blizkosti[3, 9,10, 14, 16]. Z na-
meranych hodnoét zrychlenia kmitania je vidiet
velky rozdiel pre jednotlivé meracie miesta.
V danom prlpade bol akcelerometer prlskrut—
kovany v zaistovace] skrutke loziska, na rdme
vretennika a na nosnom rame v blizkosti diag-
nostikovaného spriadacieho vretennika [14].
Meranie zrychlenia kmitania sa vykonalo pri
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difference can be observed for the individual
measurement points. In this case, the acceler-
ometer was screwed into the bearing locking
screw, on the frame of the headstock and on
the supporting frame in the vicinity of the diag-
nosed spinning headstock [14]. The vibration
acceleration was measured at a set rotational
frequency of 130 000 r/min with the sensor at-
tached directly to the bearing of the spinning
unit. However, due to belt slippage, the actual
rotational frequency was lower than the set
frequency. The methodology presented in this
article can also be used to measure other ro-
tating components as vibration sources, es-
pecially components with low mass for a given
vibration sensor attachment method.

It can be seen from Tab. 1that the differences
in the acceleration of the headstock bearing
vibration in the previous measurements are
approximately 20 to 100 times smaller than in
the direct measurement on the bearing, also
depending on the frequency range. Thus, the
previous measurements on the spinning unit
support structure did not represent the actual
load on the bearing of the high-speed spin-
ning headstock. This example clearly defines
the requirement for the correct choice of the
measurement location of the vibration of the
analysed component of the mechanical sys-
tem. The significant difference in the mea-
sured vibration acceleration values is mainly
due to the vibro-isolation of the headstock
bearing with respect to its supporting frame
structure in which the high-speed spinning
headstock is mounted [14].

nastavenej frekvencii otaCania 130 000 r/min
SO senzorom pripevnenym priamo na lozisku
spriadacej jednotky. V dosledku sklzu remena
vsak skuto€na frekvencia otaCania bola nizsia
ako nastavena frekvencia. Metodiku uvedenu
v ¢lanku je mozné pouzit aj na meranie inych
rotacnych komponentov ako zdrojov kmitania,
a to najma komponentov s malou hmotnostou
pri danom spdsobe pripevnenia senzora kmi-
tania.

Z tab. 1je vidiet, Ze rozdiely zrychlenia kmitania
loziska vretennika pri predchadzajucich mera-
niach dosahuju hodnoty priblizne 20 az 100 na-
sobne mensie, ako pri priamom merani na lozis-
ku, a to aj v zavislosti od frekvenc¢ného rozsahu.
Teda predchadzajuce merania na nosnej kon-
Strukcii spriadacej jednotky nereprezentovali
skutoéné zatazenie loziska vysokorychlostné-
ho spriadacieho vretennika. Tento priklad jasne
definuje poziadavku spravnej volby meracieho
miesta kmitania analyzovaného komponentu
mechanickej sustavy. Vyrazny rozdiel v hodno-
tdch meraného zrychlenia kmitania je sp6so-
beny najmé vibro-izolaciou loZiska vretennika
vzhladom na jeho nosnu ramovu konstrukeiu,
v ktorej je vysokorychlostny spriadaci vretennik
ulozeny [14].

Frequency Frekvencia (12 -12 800) Hz (2696 - 4 332) Hz 1636 Hz
Acceleration/ Zrychlenie m/s? m/s? m/s?
Bearing/LoZisko 141,251 84,416 23,156
Frame/Ram 4,468 191 1,259
Support frame/Nosny ram 5,951 3,243 0,233

Tab. I: Effective vibration acceleration values
measured directly on the headstock bearing, on
its frame and on the supporting frame

2.2. Measuring equipment
When measuring mechanical vibration, the

state-of-the-art measurement technique was
used from the renowned Bruel & Kjaer (B&K)

Tab. 1: Efektivne hodnoty zrychlenia kmitania
merané priamo na loZisku vretennika, na jeho
rdme a na nosnom rdme

2.2. Meraciatechnika

Pri merani mechanického kmitania sa pouzi-
la najmodernejsia meracia technika od reno-
movanej firmy Bruel & Kjaer (B&K), konkrétne
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company, namely the 12-channel B&K PULSE
measuring card. The system consisted of
piezoelectric accelerometers with ausable
frequency range from 1Hz to 20 kHz (am-
plitude =10 %) with a mass of 1.5 g, a modal
hammer and a display and memory module.
The modal hammer was used to find the Eigen
frequencies of the Eigen modes of the high-
speed spinning headstock support structure.
The attachment of the sensor (accelerometer)
to the investigated objects was in accordance
with the requirements of ISO 5348 [16] on the
accelerometer and this condition was also
met in previous experiments of the research-
ers[3, 8, 9,10, 12]. The aim was to ensure that
the accelerometer would correctly reproduce
the movement of the analysed component
without interfering with its sound. In addition
to the frequency range, it was also very im-
portant to choose a suitable averaging meth-
od for the signal type and the number of aver-
aging per time unit, as well as a suitable time
window [15, 17]. For this reason, the Hanning
window was chosen with linear averaging and
66.67 % overlap that provides completely uni-
form weighting, as it was deemed useful for
analysing generated signals.

3. DYNAMIC ANALYSIS OF HIGH-SPEED
SPINNING HEADSTOCKS

3.1. Time analysis

The recording of instantaneous vibration val-
ues versus time is usually analysed graphi-
cally to account for broadband signal peaks,
beats, modulation, or envelope analysis,
which is directed at the process of demod-
ulation of low-level components in a narrow
frequency band that are masked by high-level
broadband vibrations (e.g. impulse excitation
of the headstock bearing from the drive belt).
It should be noted that envelope detection
provides a means of detecting damage earlier
and with greater reliability.

The time histories of the dynamic bearing
load of the high-speed spinning headstock
(Fig. 1) taken at different times of operation (in
hours) represent the dynamic operating con-
dition shown by the vibration waveform at the
times of operation 4430 h and 4 900 h with
less pronounced peaks generated by the ini-
tial bearing damage (top).At the time of oper-
ation 6 000 h the peaks already reached sig-

12-kanalova meracia karta B&K PULSE. Sys-
tém sa sklada z piezoelektrickych akcelero-
metrov s vyuzitel'nym frekvencnym rozsahom
od 1 Hz do 20 kHz (amplituda £10 %) s hmot-
nostou 1,5 g, modalneho kladivka a zobra-
zovacieho a pamaéatového modulu. Modalne
kladivko sa pouzilo na zistenie vlastnych frek-
vencii vlastnych tvarov nosnej konstrukcie
vysokorychlostnych spriadacich vretennikov.
Pripevnenie senzora (akcelerometra) na sku-
mané objekty bolo v sulade s poziadavkami
normy ISO 5348 [16], ako aj v sulade s pred-
chadzajucimi skusenostami vyskumnikov [3,
8, 9, 10, 121. Ciel' bol zabezpedit, aby akcele-
rometer spravne reprodukoval pohyb analy-
zovanej suciastky bez rusivych vplyvov na jej
zvuk. Okrem frekvencnéhorozsahu bolo velmi
dolezité zvolit aj vhodnu metddu priemerova-
nia pre dany typ signalu a pocet priemerova-
ni za ¢asovu jednotku, ako aj vhodné Casové
okienko [15, 17]. Z tohto dbvodu bolo zvolené
Hanningovo okienko s linearnym priemerova-
nim a 66,67 % prekrytim, ktoré poskytuje upl-
ne rovnomerné vazenie, pretoze sa bralo do
Uvahy za uzitocné na analyzu generovanych
signalov.

3. DYNAMICKA ANALYZA VYSOKOOTACKO-
VYCH SPRIADACICH VRETENNIKOV

3.1. Casovaanalyza

Zaznam okamzitych hodnoét kmitania v zavis-
losti na ¢ase sa zvycCajne analyzuje graficky
s cielom za-znamenat vykmity ($picky) Siro-
kopasmového signalu, zachvevy, modulaciu
Ci obalkovu analyzu, ktora je nasmerovana
na proces demoduldcie nizkouroviiovych
zloziek v uzkom frekven¢nom pdsme, ktoré
sU zamaskované Sirokopasmovym kmitanim
s vysokou Urovhou (napr. impulzné budenie
loZiska vretennika od hnacieho remena). Tre-
ba podotknut, Ze detekcia obalky poskytuje
prostriedok na skorSie rozpoznanie poskode-
ni a s va¢Sou spolahlivostou.

Casové priebehy dynamického zatazenia lozis-
ka vysokorychlostného spriadacieho vretenni-
ka (Obr. 1), snimané v réznom Case prevadzky
(v hodinach), reprezentuju dynamicky pre-
vadzkovy stav zobrazeny priebehom kmitania
v Case prevadzky 4 430 h a4 900 h s menej vy-
raznymi vykmitmi (vrcholmi, Spickami) genero-
vanymi zac¢inajucim poskodenim loziska (hore)
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nificant values. These peaks indicate severe
faultto the spinning headstock bearing, which
needed to be replaced at that point. Thus, also
based on the time history it was possible to
determine the time for the replacement of the
spinning headstock bearing if the time his-
tory at 4 430 h of operation was taken as the
reference time history. As a rule, however, the
reference time history is taken to be the time
history after the bearing has run in.

T35 - 44300
T35 - 4900h
T35 - 6000h
[m/s?]

500

200+
100
50

20

35 44300
— 5. 5000n |

a v Case prevadzky 6 000 h vykmity uz dosahu-
ju vyraznych hodnot. Tieto vykmity signalizuju
silné poskodenie loZiska spriadacieho vreten-
nika, ktoré je uz potrebné vymenit. Teda, aj na
zaklade ¢asového priebehu je mozné stanovit
¢as vymeny loziska spriadacieho vretennika,
ak sa za referencny Casovy priebeh berie do
Uvahy Casovy priebeh pri 4 430 h prevadzky.
Spravidla sa vSak za referencny casovy priebeh
berie do Uvahy Casovy priebeh po zabehani lo-
ziska.

Fig. 1: Time history recorded on the bearing of
the high-speed spinning headstock after 4 900 h
of operation (top) and after 6 000 h of operation
(bottom) at a reference time history of 4430 h

1 1.2 14 16 *

Obr. 1: Casovy priebeh snimany na loZisku vysoko-
rychlostného spriadacieho vretennika po 4 900 h
prevddzky (hore) a po 6 000 h prevddzky (dole) pri
referencnom casovom priebehu po 4 430 h
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3.2. Frequency analysis

From the measured time history, a frequency
spectrum was processed to identify the exact
rotational frequency, which was 121 200 r/min
at the set rotational frequency of 130 000 r/
min. Based on the rotational frequency, the
characteristic frequencies attributed to the
individual bearing components were calculat-
ed and subsequently, their degree of damage
was identified, as shown in Fig. 2.

The parameter for comparison was chosen to
be the effective value of the acceleration of
thevibration for the selected frequency range.
Two frequency ranges were selected, namely
the full measured frequency range from 12 Hz
to 12 800 Hz, and a narrower frequency range
from 2696 Hz to 4 332 Hz. The second fre-
guency range was selected due to the most
common type of fault in the measured spin-
ning headstock bearings, namely outer ring
wear. The frequency range was chosen with
respect to the different operating conditions
to which the bearing was subjected (rotation-
al frequency, contact angle of the rolling ele-
ments and raceways). The frequency spectra
in Fig. 2 represent the operating condition
of the bearing at arotational frequency of
121200 r/min, which corresponds to a set ro-
tational frequency of 130 000 r/min.
" 35-4430h

35 - 4900h

35 - 6000h

[m/s2]
500

200
100
50
20
10

0 2k ' K 6k
[Hz]

Fig. 2: Frequency spectra of the analysed bearing

characterising the operating condition at diffe-
rent hours ofgopemtzon of the spinning unit

3.3. Monitoring of operational condition

As mentioned above, when monitoring the
operating condition, it is very important to

3.2. Frekvenc¢na analyza

Z nameraného ¢asoveého priebehu sa spraco-
valo frekvencné spektrum na urCenie presnej
frekvencie otacania, ktora bola 121 200 r/min
pri nastavenej frekvencii otdcania 130 000 r/
min. Na zaklade frekvencie otacania sa vypo-
Citali charakteristické frekvencie prislticha-
juce jednotlivym komponentom loziska a na-
sledne saidentifikoval ich stupen poskodenia,
ako je znadzornené na Obr. 2.

Parametrom pre porovnavanie sa vybrala
efektivna hodnota zrychlenia kmitania pre
zvoleny frekvencny rozsah. Vybrali sa dva
frekvencéné rozsahy, a to cely merany frek-
vencny rozsah od 12 Hz do 12 800 Hz a uzsi
frekvencny rozsah od 2 696 Hz do 4 332 Hz.
Druhy frekvencny rozsah sa vybral vzhladom
na najcastejsi druh poskodenia meranych lo-
Zisk spriadacich vretennikov, a to na opotre-
benie vonkajsieho kruzku. Frekvencny rozsah
sa vybral s ohladom na r6zne prevadzkové
podmienky, ktorym bolo lozisko vystavené
(frekvencia otacania, dotykovy uhol valivych
telies a drah). Frekvencné spektra na Obr. 2
reprezentuju prevadzkovy stav loziska pri frek-
vencii otacania 121 200 r/min, ktora zodpove-
da nastavenej frekvencii otaCania 130 000 r/
min.

Cursor values

X: 2.020k Hz

Y: 102.109 m/s?

Y: 556.030 m/fs2

Y: 32.000 m/s2

Z:

Tag Cursor

Tag Values:

Delta : 70.688 m/s?
Delta : 114.182 m/'s?
Delta : 264.210 m/s?

8k 10k 12k

Obr. 2: Frekvencné spektra analyzovaného loZis-
ka charakterizujiice prevadzkovy stav pri réznych
hodindch prevddzky spriadacej jednotky

3.3. Monitorovanie prevadzkového stavu

Ako sa uz vyssie uviedlo pri monitorovani pre-
vadzkového stavu je velmi délezité spravne
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correctly determine the measurement points,
which must be as close as possible to the ob-
served source of vibration. The objective of
the one-time measurements was the verifi-
cation of the proposed measurement meth-
odology for vibro-diagnostics of the bearing
spinning headstocks, as well as the analysis
of the operating state of the bearings near the
planned end of their lifetime. The sensing el-
ements, also called headstock diagnostic vi-
bration sensors [4], were mounted directly on
the bearing, which had not been done before.
However, the wavelength of the excited fre-
guency should also be considered in relation
to the maximum amplitude of the generated
vibration. Otherwise, a smaller or larger dis-
tortion of the useful signal occurs, see Tab. 1.

The principal purpose of vibration condition
monitoring of machinery is to provide in-
formation on the operating condition of the
machine for protection and predictive main-
tenance or component replacement. An inte-
gral part of this process is the evaluation of
the vibratory condition of the machine over
operating time. An example of the values from
the monitoring of the operating condition of
a high-speed spinning headstock is shown in
Tab. 2, where the effective values of the accel-
eration of the vibration have been measured
at aselected time interval, at the specified
number of operating hours, corresponding to
the frequency spectra of the analyzed bear-
ing of the spinning headstock.

uréit meracie body, ktoré musia byt ¢o najbliz-
Sie k sledovanému zdroju kmitania. Ciel' jed-
norazovych merani bol overenie navrhnutej
metodiky merania na vibrodiagnostiku lozisk
spriadacich jednotiek, ako aj analyza prevadz-
kového stavu lozisk v blizkosti planovaného
konca ich zivotnosti. Snimacie prvky, nazyva-
né aj diagnostické senzory kmitania vretenni-
ka [4] boli pripevnené priamo na lozisku, ¢o sa
doteraz nerobilo. M4 sa véak zohl'adnit aj vino-
véa dizka budenej frekvencie vo vztahu k ma-
ximalnej amplitude generovaného kmitania.
V opac¢nom pripade dochadza k mensiemu
alebo vacsiemu skresleniu uzitoéného signa-
lu, pozri Tab. 1.

Hlavny ciel' monitorovania stavu kmitania
strojného zariadenia je poskytnut informacie
o prevadzkovom stave stroja na jeho ochranu
a pre prediktivnu udrzbu alebo vymenu kom-
ponentu. Neoddelitelnou stc¢astou tohto pro-
cesu je vyhodnotenie vibracného stavu stroja
pocas jeho prevadzky. Priklad hodndt z moni-
torovania prevadzkového stavu vysokorych-
lostného spriadacieho vretennika sa uvadza
v Tab. 2, kde vo zvolenom Casovom interva-
le sa namerali efektivne hodnoty zrychlenia
kmitania, a to pri stanovenych poctoch pre-
vadzkovych hodin, ktoré zodpovedaju frek-
vencnym spektram analyzovaného loziska
spriadacieho vretennika.

Effective value of acceleration Acceleration value at .
Efektivna hodnota zrychlenia the measured rotational | Measured rotational
Time of operation frequency frequency
Cas prevadzky Hodnota zrychlenia Merana frekvencia
(12 -12 800) Hz (21696 - 4332) Hz pri meranej frekvencii otacania
otacania
NUE]O%%E ?]fogitlnurs m/s? m/s? m/s? Hz
4430 667,021 70,688 102,109 2020
4900 724,883 114,182 556,03 2020
6000 847713 264,21 670,293 2009

Tab. 2: Example of effective values obtained from
vibration acceleration measurements when mo-
nitoring the operating condition of spinning he-
adstocks

Tab. 2: Priklad efektivnych hodnét ziskanych
z merani zrychlenia kmitania pri monitorovania
prevddzkového stavu spriadacich vretennikov
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CONCLUSION

This article suggests the importance of the
correct way of monitoring and diagnosing
high-speed spinning headstocks. The results
presented in this article were based on exper-
imental tests of six randomly selected high-
speed spinning headstocks, and one of them
was selected for this paper. With the use of
diagnostic sensors, the analysis of data from
experimental tests showed a discrepancy be-
tween the temperature and dynamic parame-
ters. When diagnostic sensors were used, the
analysis of the experimental test data revealed
a discrepancy between the measured thermal
and dynamic parameters [13, 14]. Experimental
measurements of the diagnostics and moni-
toring of the operating condition of the high-
speed spinning headstocks clearly confirmed
the use of vibration sensors with their attach-
ment directly to the bearing of the spinning
headstock [4]. When diagnosing the operation-
al condition of machines and machine compo-
nents with the help of a diagnostic sensor, all
potential problems related to the operational
condition of machines and machine compo-
nents can be identified in time. Thus, the long-
term use of adiagnostic sensor also brings
significant financial benefits savings that typi-
cally reach up to 60 % of maintenance costs for
machine components [6, 15].
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