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new measurement method for the determination of friction conditions
within journal slide bearings by using the Acoustic Emission Method is
presented. The measurements were taking out using basic oil SN 500.
Hardness and roughness of the cooperating surfaces are the same as in the
measurements which were presented in papers [L. 4, 5] a year ago.
During the measurements the temperature is taken into account. The
Acoustic Emission Analysis is (in opposite to the aforementioned friction
power measurement) a relative method, which means that the absolute
amount of a RMS-Value depends on the measuring chain. The results are
compared and discussed with other results obtained during experiments
performed at the Maritime University Gdynia.

REMARKS ABOUT THE PERFORMED MEASUREMENTS
AT UNIVERSITY OF APPLIED SCIENCES
GIESSEN-FRIEDBERG

The test series were carried out by using the basic oil SN 500. The
description of the test stand, the test parameter as well as the Acoustic
Emission Analysis were presented in other papers [L. 1, 4, 5]. For better
understanding of the presented measurements the scope of used load
bearing and angular velocities of the journal bearings was established in
Table 1.

In the experiments we used three constant bearing loads: 100 N, 80 N
and 60 N but different angular velocities from 15 s to 40 s™ of the
bearing journal and temperatures of the oil from 51°C to 53 C.
Additionally the comparisons between the measured RMS-Values and
the synchronicaly measured Friction forces for various bearing loads and
angular velocities for basic oil SN 500 are presented. Sommerfeld
number and other bearing operating parameters which are necessary for
the experiments have been calculated from literature.

In previous authors papers [L. 4, 5] the dependences between
constant journal velocity of 310 rpm of the bearing journal, temperatures
from 21°C to 35'C and two constant bearing loads of 90 N and 120 N in
different time are presented.
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Table 1. Contains the range of anticipated angular velocities, the bearing loads,
the measured oil temperatures and the belonging calculated Sommerfeld
Numbers

Tabela 1. Zakres przewidywanych predkosci katowych dla obciazen tozyska oraz przy-
nalezne warto$ci obliczonych liczb Sommerfelda dla przyporzadkowanych
temperatur wystgpujacych podczas pomiaréw

Angular velocity ® [s]

£ Fy.-III = 100N
o Bserc [°C1 | 30.8 31.5 32.3 33.1 34.5 .
5 F,.-II = 80N
;:0 So [-] 0.052 | 0.042 | 0.035 | 0.030 | 0.028 c
% Bsarc [°C] | 29.9 30.4 31.0 32.1 33.4 =
M F;-I = 60N

So [-] 0.038 | 0.029 | 0.024 | 0.022 | 0.020

Vs = Start temperature of each measurement point.

So = The dynamic viscosity values used for the calculation of the Sommerfeld numbers depend
on the aforementioned measured oil temperatures

TEST SERIES WITH CONSTANT BEARING LOAD AND
DIFFERENT TEMPERATURES AND ANGULAR VELOCITIES

In Fig. 1 to Fig. 3 one can see the RMS-Values and the Friction
forces at constant bearing load but different angular velocities and
different temperatures. We used basic oil SN 500 in these test series. The
angular velocities were reduced by some steps beginning at 50s~ down to
15 s and we increased the temperature from 29.9'C to 53.3 C. The
RMS-Values spreaded from 20 mV to 140 mV, the values of the Friction
forces from 4 N to 35 N. Because of the nearly inertia free reaction of the
Acoustic Emission system, any change of the friction conditions within
the hydrodynamic journal bearing will be shown faster than in case of the
Friction force measurement. This difference will be shown most clearly
at low bearing loads and high angular velocities. The aforementioned
working conditions lead to oscillations at the bearing because of the low
hydrodynamic capacity. A decrease of the bearing load (Fig. 1-3) from
100 N to 60 N causes lower hydrodynamic capacities and therefore a
poore stable operation behavior of the journal slide bearing [L. 2, 3].
Point A in Fig. 3 denotes according to author’s opinion additionaly
generated Acoustic Emission caused by weak solid body contact.
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Fig. 1. Dependences between RMS measurement values and Friction forces for
constant load 100 N and basic oil SN 500 versus different angular velocities
and temperatures

Rys. 1. Zalezno$¢ pomigdzy pomierzonymi warto$§ciami RMS (wynikajacymi z emisji
akustycznej) a sitami tarcia dla statego obciazenia 100 N w przypadku stosowa-
nia oleju bazowego SN 500 przy zmiennych predkosciach katowych watu oraz
przy zmiennych temperaturach
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Fig. 2. Dependences between RMS measurement values and Friction forces for
constant load 80 N and basic oil SN 500 versus different angular velocities
and temperatures

Rys. 2. Zalezno$¢ pomigdzy pomierzonymi warto§ciami RMS (wynikajacymi z emisji
akustycznej) a sitami tarcia dla stalego obciazenia 80 N w przypadku stosowa-
nia oleju bazowego SN 500 przy zmiennych predkosciach katowych watu oraz
przy zmiennych temperaturach
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Fig. 3. Dependences between RMS measurement values and Friction forces for
constant load 60 N and basic oil SN 500 versus different angular velocities
and temperatures

Rys. 3. Zalezno$¢ pomigdzy pomierzonymi warto§ciami RMS (wynikajacymi z emisji
akustycznej) a sitami tarcia dla stalego obciazenia 60 N w przypadku stosowa-
nia oleju bazowego SN 500 przy zmiennych predkosciach katowych watu oraz
przy zmiennych temperaturach

COMPARISONS BETWEEN RMS-VALUES AND
FRICTION FORCES FOR VARIOUS BEARING LOADS,
TEMPERATURES AND SOMMERFELD NUMBERS

In this chapter the comparisons between RMS-Values and Friction forces
for different bearing loads, temperatures and Sommerfeld numbers are
presented using the basic oil SN 500. Fig. 4 respectively Fig. S5 show the
established dependences.

The point A in Fig. 4 describes the lowest angular velocity of the
bearing journal in the case of bearing load equal to 60 N. This point
equals chapter 1 Fig. 3 point A, where additional Acoustic Emission due
to weak solid body contact is generated.

In Fig. 5 one can see that the lowest temperature implies an increase
of the friction force. This effect of the increasing of the friction force is
caused by the small oil temperatures can be explained by the increasing
of the dynamic viscosity and therfore increasing friction forces between
oil particles.
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Fig. 4. Distributions of measured RMS-Values versus calculated Sommerfeld

Rys. 4.

numbers according to the results contained in Fig. 1, 2 and 3 for basic oil
SN 500 and different loads and temperatures

Rozktady pomierzonych warto§ci RMS jako funkcja obliczonych liczb Som-
merfelda zgodnie z wynikami prezentowanymi na Rys. 1, 2 i 3 dla oleju bazo-
wego SN 500 przy zmieniajacych sie¢ obciazeniach tozyska oraz zmiennych
warto$ciach temperatur
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Fig. 5. Distributions of obtained values of Friction forces versus calculated
Sommerfeld numbers according to the results contained in Fig. 1, 2 and 3
for basic oil SN 500 and different loads and temperatures
Rys. 5. Rozktady uzyskanych wartosci sity tarcia jako funkcja obliczonych liczb

Sommerfelda zgodnie z wynikami prezentowanymi na Rys. 1, 2 i 3 dla oleju
bazowego SN 500 przy zmieniajacych si¢ obciazeniach tozyska oraz zmiennych
warto$ciach temperatur
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CONCLUSIONS

This report describes the use of the Acoustic Emission Analysis as an

indicator of the friction conditions at journal slide bearings. These results

of this paper are connected with the investigations described in the Papers

[L. 4, 5]. The investigations were made at two different test stands. The

test stand at Maritime University Gdynia covers the hydrodynamic

operation range with common engine oil and constant oil temperatures.

The test stand at University of Applied Sciences Giessen operates with

baisc oil and different oil temperatures.

The following conclusions can be deduced:

e If the oil temperature increases, the friction forces decrease. This
relation affects the generated RMS-Values during the acoustic
emission performances.

e If angular velocity decreases, the friction forces will decrease, too.
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Streszczenie

Niniejsza praca przedstawia nowe rezultaty badan eksperymental-
nych zwigzanych z pomiarami sil tarcia w fozyskach slizgowych me-
toda emisji akustycznej przeprowadzonych w okresie od 2008 do
2009 roku na Uniwersytecie Nauk Stosowanych w Giessen. Opisane
zostaly kolejne kroki pomiaréw wartosci tarcia hydrodynamicznego
metoda emisji akustycznej na odpowiednio dostosowanym stanowi-
sku badawczym w Giessen z uwzgl¢dnieniem pomiarow w zakresie
tarcia mieszanego. W badaniach tych uwidoczniony zostal wplyw
obnizajacej si¢ temperatury na wzrost sit tarcia w trakcie eksploata-
cji fozyska slizgowego.

Twardo$¢ i chropowato$s¢ wspélpracujacych powierzchni
w obecnych badaniach jest identyczna z twardoscia i chropowatoscia
wystepujaca w poprzednich badaniach, ktére zostaly szczegétowo
opisane w pracach [L. 4, 5]. Sily tarcia oraz ich warunki brzegowe
zostaly szczegétowo pomierzone na stanowisku badawczym dla nie-
wielkich obcigzen. Dokonano pomiaru zaleznosci pomiedzy sitami
tarcia a ré6znymi wartosciami liczb Sommerfelda. Podczas pomiaréw
metodq emisji akustycznej zostala szczegétowo uwzgledniona tempe-
ratura. Strong korzystng metody dokonywanych pomiardow jest fakt,
Ze mozna pomierzy¢ absolutne wartosci sily tarcia. Pomiar sit tarcia
dokonany metoda emisji akustycznej uzewnetrznia zaleznos¢ pomie-
dzy wysokimi czg¢stotliwosciami oscylacji mierzonych wartosci powo-
dowanych przez tarcie hydrodynamiczne pomig¢dzy molekutami ole-
ju. Korzystna strong tej metody jest fakt, ze oscylacje moga by¢ wy-
znaczone bezposrednio od zrédia do czujnika, a ten fakt umozliwia
pomiary ,,online”. Analiza emisji akustycznej w przeciwienstwie do
pomiaréw mocy tarcia wykonywanych na stanowisku badawczym
w Akademii Morskiej w Gdyni pokazuje, ze wartosci pomocnicze
RMS wyrazone w mV zaleza od kolejno$ci pomiaréw.

Rezultaty badan wartosci sil tarcia zostaly przedyskutowane
oraz poré6wnane z innymi wartosciami uzyskanymi na drodze ekspe-
rymentalnej przy wykorzystaniu innego stanowiska badawczego
zbudowanego w Akademii Morskiej w Gdyni.



