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An Experimental Investigation of Hydrodynamic Journal Bearing with

Different Oil Grades

Nour Marey
ABSTRACT

Journal bearings are known to be intrinsic components in different marine applications. They are regarded as the most
instrumental means by which large loads could be transmitted at mean speed of rotation. Hydrodynamic journal bearing, based
on hydrodynand lubrication,hasundoubtedly proved to be among the most effective types of journal bearings designs,
commonly used in marine applications. In hydrodynamic lubrication, +teetaktal contact could be prevented via a separation
between the load carryirgurfaces of the bearing, that could be attained by means of a relatively thick film of lubricant.
Extending bearing life in marine propulsion systems, auxiliary equipment and diesel engines, reducing friction energy losses
and wear, minimizing maintenanegpenses and downtime of machinery due to frequent bearing failure are the most important
objectives being born in mind on launching the bearing design procedures.

In the study at hand, an attempt has been made to perform a study of pressure distribution within hydrodynamic journal
bearing on experimental bases. The experimental study has entailed the use of versatile lubrication oils, among of which
comprised SEA 20/50, SEA 10W40 and SEA 5W30, for the sake of identifying their individual role in determining the

condition of | ubrication Ahydrodynamic or hydrostaticbo.
of different lubricants within th hydrodynamic journal bearing, at different speeds ranging from 50 to 400 RPM at constant
|l oads. For accurately testing the 105 mm internal di amet
has been made of the universal journallbei ng test ri g AUJBTRO. Pressure distrib

under constant loading, with operating at different journal rotational speeds.

Keywords: Hydrodynamic Journal Bearing, Viscosity, between the friction factor and the lubrication parameter or
Pressure Distribution, SAE Gradéidls, Universal Journal ration. There iS, hOWEVGr, a reverse relation, noted on the
Bearing Test Ri g iUuJBTRO,left sidg Qf the euave, pejween thepfticipp fagtos ang the .
Shafting SystenPlain Bearing l ubrication parameter or ratio

1. INTRODUCTION This condition could be attributéd lying in the boundary

lubricatign. region. This region. features si n|f|cant or

'?]‘ Jf?grnaltb?gmng_c;c;]gld beco I&t éBe?tgcoﬁtgctbtwéeﬁtlﬁééh sk oh8r
shatto, rotating wi N Witdd P likefinBod of°tle Sri2tfofnet® contBet Gels" P € 2
In order that they could pressurize a lubricant, which is hlgher in the boundary lubrication region, where the oit fil

supplied between the stationary surface and the movin er tends to be |nterm|ttent Low viscosity, high load and

surface, rinfadt Biesa,rimphodu 100 wsﬂ@éd%r@ gm%ng ﬁwé‘rﬁan?a&o‘?s creating this situation.
surface contact and bear the external load, hydrodynamlcrhe stable lubrication could be identified through the
journal bearings use the rotation of the journal, S||d|ng comparison held between the boundary lubrication and the
:ugrlca;ed surfaces can be dbrok?n tt?ovgt] bmt(;v threehydrodynamlc lubriation. Finally, the mixed lubrication

ubrication regimes, corresponding to the Stribeckveu region represents starting up and partial load support from

shown below in figure (1). - . : .
. . . .. the lubricating fluid and partial load support from asperit
The curve illustrates the relation between the friction contact 9 P PP penty

factor being represented by theertical axis and the
lubrication parametguN/P featured on théorizontalaxis, fl =

where | is the dynamic viscosity, N is the shaft speed and H R
is the external load. On analyzing the curve, a number of| ©-2 Hioh LonDs
outcomes could be drawn. On the right side of the curve, it
is obvious that in the presence of high dynamic viscosity,
high speed ed low loads, the highest friction condition
between the oil molecules or rather the squeeze conditior |
tends to show signs with the subsequent result of increasing °-°°¢ \5
the friction factor. The region in the curve where this |o.002 !
condition occurs is called the hydtynamic lubrication or
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the fluidfilm lubrication region. Hence, there is a positive | ©-°° o
relation -
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Problem statement;Among thedifferent problems, that  potential solutions could ultimately help promote the
would constitute major obstacles in the way of the final product reliability and could as well optimize journal
aspired goal of promoting the thrust force relating to ships,bearing design. The author stressed the need of a thorough
wear is regarded as the most notably complicated probleminvestigation and a comprehensive understanding of that
High friction conditions often arise as a result of thirect wear so that bearing life could be improved and costs could
contact between the journal and the bearing. That, in turnbe reduced. Using lubrication additives as well as enhanced
would ultimately lead the bearing liner to wear. In an materials were just but a few of the solutions recommended
attempt to overcome or minimize the undesirable effects ofon the road to reachinghe aspired optimal working
wear in marine propulsion system, the introduction of conditions. (Pickering, 2011).
lubrication fluid,in journal bearing designs, is essential so . -
that it would decrease the friction between the two surfaces AIImale.r et al. 201]have Iaunched a belzn'eflmal. gnd a
iJournal Shaft and Journa |.Sy5te§‘%“8 Ee?e%rfq? ét’v'.th the gim gf pr.%d'8“|”%fﬁ'°F°8 3
however, not an ultimate one, as contact between the twéOurnal eanngs. that was carried out in'a reliable and an
surfaces would still exist even in theesence of lubrication. accurate way based oalidated comparisons held between

- . . simulation results and experimental measurements. Two
The endeavor towards attaining the final aspired goal of”. .
enhancing the thrust force, relating to ships, would dﬁi;egééoagst;\iﬁéz Sﬁ:\'/id‘ Ti\%ﬂy’tﬁ; agf?ezgv'(\a/lr?ezghoef
necessitates effecting a reduction in relation to the speed og timum . viscosit Iubricantsp as opposed to other index
the propeller. Reducing speed in the journal bearing would P y PP

ubricants in relation to helping ensuring friction reduction.
however, have unfavourable consequences and WOU|(% ping 9

eventually interfere with the final goal reaching the effective n other words, the results showed that red.ucm.g friction
performance of the lubrication oil film. Investigating the was, to a greqt ext_ent, dependent on selecting recas
other factors, affecting the ggsure profile and which work with reduced viscosity. (Allmaiget al. 2011).

side by side the spd factor, is thus an essential task to be  Studying the lubrication and theperation of the journal
carried out. Those other factors would comprise the bearing together with its design have been the main focus of
viscosity, the density and temperature relating to the journalstudy in the research carried out by Simmons, 2013.
bearing lubricating oil. Besides, there ought to be a thoroughSuggestions were made to improve the robustness of
investigation into that issue fohé sake of reducing and equipment and to overcome the obstacles resulting from the
overcoming the negative repercussions incurred as &ffectsof wear and tear on machines. That improvement, if

consequence. made, would ensure the usefulness of the equipment in the
future applications. Results showed that changing from a
2. LITERATURE REVIEW traditional mineral oil to a high viscosity index oil of much

Evaluating the behaviour of conventional and new |ower base viscosity gradmuld reduce power loss while
bearing designs together with synthetic lubricants in keeping the bearings minimum film thickness. The author
operating parameters has been the maincern of the  proved that reduction of power loss and maintaining safe
researchrsSimmons et al,2011.Synthetic lubricants were  machine operation were all attainable goals that could be
proved to be superior to their mineral based counterpartsachieved through the selection of high viscosity index
characterized by higher viscosity grade. High VI 1ISO VG32 synthetic lubricants. Furthermore, the author supposed that
synthetic ester lubricant has proved its effectiveness anchew lubricants, materials and adjustments in operational
successn replacing 1ISO VG32 mineral oil. While keeping methods could enhance the performance of the journal
an equivalent lubricant film thickness, it could as well effect bearings. To increase viscosity index and reduce friction at
a reduction in power loss. The results obtained havestart up, the author remomended the use of select additives

ascertained the efficiency of such lubricants in improving as well as select p0|ymer bearing materials. (Simmonsi
performance if compared withé mineral based lubricants  2013).

at both high and low speeds. It could reduce power loss and

offered an equivalent film thickness. Also, greater power N another study, Baskar and Sriram, 2014, worked on
loss was noted at high speeds as a result of toleethiilm understanding and investigating the tribological behaviour
it provided. (Simmons, et a2011). of journal bearing material under differenbticants. Wear

tests were carried out using three different lubricating oils.

Examining he tribological characteristics concerning They were carried out at maximum load of 200N and sliding
journal bearings, under boundary and mixed lubrication speeds of 20 m/s. The results illustrated that the sliding
conditions during shaft startup, shutdown and low speedsconditions and lubricating oils would cause a change to the
has been the incentive that pushed forward the researcliction and wear behaviour of the journal bearing. The
presented by Pickering, 2011. On tacklingitiseie of wear,  journal bearing material tended to have a lower friction
it was proved that performance and pressure loads woulttoefficient for the chemically modified rapeseed
negatively be affected in the existence of wear. To oil(CMRO) with Nano Cuo. It was found out that Nano Cuo
overcome the undesirable consequences of wear onubricating oil could outweigh the lo¢r types tested upon
performance, some suggestions have been made. Suchnd could as well be preferred for the lubrication purpose in
solutions have involved surfadrdening, polymer liners  journal bearing applications. (Baskar and Sriram, 2014).
in addition to using lubrication fluids with additives. The
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Sander et al 2015, focused on the impact of high pressurénfluence on friction in mixed lubrication regime. (Sander,
and shear thinning on journal bearing friction. Thosdiegl et al, 2016)
aimed at predicting the friction power losses for journal

bearings under both mode rate (50 MPa peak load) and higmﬂuence of surface from deviations on friction in mixed
dynamic loads (100 MPa peak load). Extensive

measurements on a journal bearing test rig with a IOWIubr|cat|on. The overall from deviation of thest bearing

viscosity muligr ade | ub®ocwat e @wa \gas mqa§ure% §|g1aulat|on results have shown a noticeable

found out that a complete description of the rheological gg?ﬁ:)u?i];r:hgf tiuer Iu%eiic]:l)r:?q a?\?jwr?e“r(l):; ointhtgesizpere;? ;:g
lubricant properties was crucial to achieve a very close f

agreement with the experimental data. The study stresse@iﬁgigtgrggtﬁﬁruaeﬁ:é %?Ssljiltrsfac:;eerr}%?;t rﬁfﬁ;ﬂ?ﬁ;hﬁ;etﬁv: >
the need to consider viscosity in modern viscosity engine oil

and considered it as the key parameter to describe Iubricateé)earing surface on the friction force of journal bearings. The
contacts. (Sander et al. 2015) Study explained that reducing the influence of the surface

form deviations depended on increasing the journal bearing
Singh, 2015, conducted an experimental study of pressurelearance. (Fricke, et al, 28).

distribution on hydrodynamic journal bearing with twin

groove A5mMmMoO using thr meg 03'r ELfA(.Bpg'ﬁ‘TIONSypes OHf | u‘]lg;“l?cat

oils, namely, SAE 15 W40, 20 W40 and refined oil. The =~ EXPERIMENTAL DESIGN AND SETUP

researcher filled the space between the shaft and the bearingFigure (2) sheds light on the journal bearing test rig

h In 2018, Fricke, et al, had an interest in tracing the

with oil. Pressure distribution was studied by applyingonefi J BT R0 , designed and manuf ac

unloading and three loading conditions, with operating at comprising its different components working together to
journal rotationalspeed of 1120 rpm. The results showed fulfil the aspired goals and tasks fohich the experiments
that pressure tended to increase with the increase in load angre being held, and for any other potential tests, that could
followed sinusoidal form at the periphery of bearing. be conducted in the future in case any advanced marine
(Singh, 2015). applications are introduced and the need a rises for more
In 2015, Sriniv, et al worked on performing an evaluation reliable tests, proofs and outcomes. Table 1, provides the
of hydrodynamic journal bearing by using two different .y onted on the upper part of the test rig. It functions as
types of oil. An e_lttempt_ has t_)een_ made _to present_ twog supplier of lubricating oil flowing through the oil inlet port
different commercial lubricant oils with the aim of studying i, the nearing clearance. On the vertical center line of the
and_ de.tectmg their role |determ|n|ng 'ghe condition of bearing there is an inlet port through which the lubricant is
Iubrlcatlon,.the type of_pressure dlstr!butlon and the stresse%upp“ed to the bearing. The inside pressure, induced as a
developed in the b.e"ﬂ!””g under varying I_oad_s anq speeds. fesult of the rotation of the journal, is measured by means of
was noted that variation of pressure distribution with respecty, . 1o, pressure transmitters, distributed around the

to angle of rotation fqr both SAE 20 Waihd SAE 90 qils ircumference of thelain bearing, and is hence displayed
revealed a pressure increase from 0 to 800 of rotation ancg

then decreased for the remaining rotation of bearing. Tha
clearly indicated the presence of a hydrodynamic
lubrication which meant the need of high speed journal
bearing. (Srinivet al, 2015).

results could be ensured, several comparisons were to be
held, to prove their consistency and aclamce with their
previously derived theoretical counterparts. Hence, the
Researching into the field concerned with studying the journal bearing test rig could safely be deemed as valid for
effect of surface texturing on the steady state performancéhe potential experiments that are most likely to be
characteristics of highly loaded journal bearing lubricated conducted on it in the future, as pointed out in reference,
with a contaminated lubricant has been the targastidy ~ (Marey.Nour, et al, 2018)
caried out Dadouche and conlon, 2016. Bronze journal
bearings were found out to have the ability to endure a
considerable quantity of hard particle contaminants.
Providing the size of the particles was lower than the
minimum film thickness and the bearirgnrwith minimal
misalignment. The study made it clear that lightly surface
texturing together with tighter manufacturing tolerances
could results in better contaminant allowance in bearing
lubrication system. (Dadouche and conlon, 2016).

In 2016, a study @as carried out by sander, et al, with the
aim of studying the friction behaviour of journal bearings.
Operating from hydrodynamic to mixed lubrication regime
where severe met#h-metal contact occurred. It was found
out that the surface texture of jourtmdarings had a major

Figure 2: An outline of the whole structure of JBTR. [6]
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registered one by one, in a separate way and individually. In
this way it was possible to identify the optimal lubricating
oil inside the bearing, in the liglaf the acquired pressure
distribution data. It was found out that certain criteria such
as the correct selection of lubricant as well as suitable
running conditions were among the most crucial grounds
relating to the tribological characteristics of theurjual
bearings. The most effective and beneficial lubricating oil
was, as a consequence, determined on the basis of its
effectiveness in as far as hydrodynamic lubrication was
concerned. Oil pressure distribution and relations between
the different lubricting oils could be elaborated, exposed
and explained in detail through the following polar graphs.

5. DESCRIPTION OF THE LUBRICATION

E)&PERIMESI%%%Y TESTED

Y

Bea{i ng

Jour nal

Figure3: The TO”‘ i
' Tatﬁes(z : Properges onf V\%O grade oil.
Table [1]: The dimensional data concerning the journal
bearing test rig. SAE 20W50 Parameters | Specification | Test Method
i . — Density @ 15 0.895 g/ml | ASTM D-1298
No LA (9] Specification Kinematic Viscosity at 40 °C 153 mn¥/s | ASTM D- 445
1 L, bearing length 58 mm Kinematic Viscosity at 100 °C| 17.0 mi/s | ASTM D- 445
2  d,inner diameter for plain bearin  105.05 mm Viscosity index 120 ASTM D-2270
3 As shaft diame! 104.97 mm Flash point 230 ASTM D-92
4 W, Weight of journal shaft 727.65 N Pour point 21 ASTM D-97
5 0, total cleai 0.08mm ) )
: Table (3) Properties of SAE 10W40 grade oil.
6 C, radial clearance 0.04 mm
2 LD ratio 05 SAE 20W50 Parameters Specification | Test Method
_ _ _ Density @ 15 0.862 g/ml | ASTM D-7042
8  Bearingmaterial White metal _ _ _
_ Kinematic Viscosity at 40 °C | 93.0 mm2/s | ASTM D-7042
o Qg Spee 2lLRRD e Kinematic Viscosity at 100 °C| 14.2 mm2/s | ASTM D-7042
4. EXPERIMENTAL SETUP AND Viscosity index 156 ASTM D-7042
' Flash point 236 ASTM D-92
PROCEDURES :
The process concerning the design and set up of the tesfour point 27 ASTM D-97

rig was primarily motivated by the urgent need, arising from

the desire therein of procuring a structure, characterized byrapje (4) Properties of SAE 5W30 grade oil.

as much validity and accuracy as possible. A discipline

marked by the esseat efficiency required for conducting SAE 20W50 Parameters | Specification | Test Method
spe(_:|al tests, re_latlng to the oil pressure dlstrlbujuon W|t_h|r Density @ 15 0.855 g/ml | ASTM D-7042
the journal bearing, of the type single groove plain bearing. _ _ _

Tests thatvereintended to be performed at the time or that| Kinematic Viscosity at 40 °C | 61.7 mm2/s | ASTM D-7042
were more likely to be concead and conducted in the [Kinematic Viscosity at 100 °C| 11.0 mm2/s | ASTM D-7042
future utilizing the bearing at hand. The measurement ta kV_ s N0 ASTV D043
has required experimenting on three different types of Iscosity index i
commercial oils, SAE 20W50, SAE 10W40 and SAE 5W30, Flash point 230 ASTM D-92
each of whose properties are to be more elaborately pointegs - point a2 ASTM D-97
out inthe tables 2, 3 & 4 that are to be shown later below

The tests were to be carried out under different rotating

speeds, rangingfrom50 t o 400 RPM&. It was put into much

consideration that the procedures were to be implemented

under constant loads. Thearings, relating to the pressure
distribution of each lubricating oil, were also to be taken and
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6. RESULTS AND DISCUSSION

The following is an illustration of outcomes, fed by the

pertainingdiscussions, made view of the experimentally
conducted operations on the journal bearing test rig

fi J B Twith SAE 20W50, SAE 10W40 and SAE 5W30 at

constant load and varying speeds. Pressure distribution

profile relating to each type of lubricating oil is individually

shown below.

6.1 Polar pressure distribution curve for SEA
20W50
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Figures 4. Representation pdlar curve for SEA 20W50.
6.2 Polar pressure distribution curve for SEA
10W40 [6]
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6.3 Polar pressure distribution curve for SEA 5W30
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mean = 0.7932
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std = 1.0157 :| i bar
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Figures 5:An outlineof polar curve for SEA 10W40.
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mode = 0,0011 std = 0.761 range = 2,3329

Figures 6Polar curve for SEA 5W30

Based on the polar diagrams provided, a number of
conclusions could be drawn in light of the values obtained
and registered. Th&AE 5W30 lubricating oilfi F i

tended to score the least values, in as far as lubrication

characteristics profile was regaddd-urther, it appeared to

effect the best performance on operating the journal bearing

test rig at lower speeds ranging to 15PM. The
performance is, however, inclined to feature a gradual
decline when operating at n@top varying lower speed
revolutions starting from 15RPM until 400 RPM. In
comparison, thdubricating oil of the typeSAE 20W50
AFi gwabsonoted to secure promoted operation

between the ibmolecules.The evidence that indicatehe
existence of hydrodynamic lubrication.

Besides, it has been noted that the maximum presgskre P
in all of the operating conditions in the course of
experimenting on each of the tested utilizedeailded to be
at the pressure transmittey, At an angle of 144whereas
the position of the terminating film pressurewas at the
pressure transmittesAt an angle of 1#8and it remained
permanently fixed in position throughout the experimenting
procedures.

In addition, the values relating tihhe maximum film
pressure ratio #Pmax for the lubrication oils being tested,
that is, SEA 20W50, SEA 10W40 and SEA 5W30 at
maximum speed of 400 RPM were 0.2, 0.6 and 0.3
respectively.

7. Conclusion

Having carried out veatile tests and calculatigns
relating to thepressure distribution of thieibricating oils
within the journal bearing under study, a number of
conclusions could safely be drawon the basis of the
credibility and validityto whichthose conducted tedbear
witness. In addition to the previously mentioned
observationsandby focusing on the right side of the lower
half of the journal bearing of the type single groove bearing
where higher values regarding the oil film pressure
distributionare observedt is obvious that the pressure of
the lubrication oil tends to increase at the pressure
transmitters B P, and B whose positions were at the angles
of 108, 144 and 180 respectivelywhich means that there
is a positive increase relation corresporglio the increase

g énoeach of the following

The oil viscosityfrom SEA5W30 to SEA 10W40
andup till SEA 20W50.

The journal shaft revolution speed ranging from 50
RPM up to 200RPM. The oil pressure recorded
tended tobe constant after the speed200 RPM,

due to the increasaccurring inthe oil lubrication
escape rate through the clearance therein between
the journal shaft and the journal bearing.

2.

Thus, the study illustrates the extent of the positive increase

performance values on being tested at speeds ranging frofterrelationof the oil film pressure distoution with each

150 RPM until 400RPM. The performance was otherwise

of therotation speed and the oil viscosity. In other words,

on the decline trend on experimenting at all speeds lowereffecting an increase in the pressuedatingto one of them

than 150RPM. Furthermore, the SAE 104 lubricating

or both togetherwould not induce a comparative increase

oil i Fi ghastassumed, what could be described as, thgesylting from the pressure incurred from the lubricating oil

optimal values regarding the operating conditions when
experimenting at speed limits ranging from F#@M to 250
RPM subsequentlyFurthermore, it was observed that
effecting a gradual increase in the spemaglution from 50
RPM to 400RPM, the lubricating oil pressure tended to
feature a comparatively significant risélence, itis

squeeze, which might potentially be crucial on adding extra
loads on the journal shaft in the studies to come. It is as well
a hard anda practicallycosly task to conduct testsising
different gradeoil viscosity of values much less than those
found in the markets. That is why, it has become a must to
conduct the required future experimertig means of the

discerned that increasing revolution speed according to thg;omputational fluid dynamic techniques CFBread of

lubrication parameters would result in better squeeze
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appropriate required ratipgor the sake of attaining the
optimum degree of stabilifyn as far as the oil film pressure
distribution at varying speeds is concerned.

Nomenclature

C Radial Clearancémm)

Ho Total Clearanc€mm)

CFD Computational Fluid Dynamics

d Inner Diameter For Plain Bearing
JBTR Journal Bearing Test Rig

L Bearing Lengtimm)

N Speed (rpm)

P Load

Po Terminating Film Pressur@a)
Prax Maximum FilmPressuréPa)
Po/Prmax Maximum Film Pressure Ratio
UJBTR  Universal Journal Bearing Test Ri¢
W, Weightof Journal ShafN)

AS Shaft Diametefmm)

u Dynamic viscosity
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MH3KOF wYAgbPB Uyg WYPHFPHPTC HtHTr 3 3BFj] rOF WCr K

wy Ar K EDBY ¢ dK
FrO WOM G0 IaFT dgHBRHY IOFF XH blr B 2BFj rtOF WCr KY ChNb
.AFpMCKF wWKOBH BbBHHIB C3KR/WDy 3blIlOF dbHT j OF 34Yx cT ppHj B pM
2y blyBF 3T p MEDRCHNA KOFy 3yeT ZBeBKPH r FOF WCr KF _ fl xw WObLIT pgw
QF Uy 3T glOF ¢T wBCPglrlOF dryryr hgatOF eB pI3uyF WUFHXUF c¢c 9K F
ShY OHIIOMMPRE Y ACNe We aCMle WFblscw eB CjF eblrtT CUM . wyTt Jj
M3LUF MB UyTO3IOF UTC eB eyplpr D wUYIA XAb?D LWOMM 3BFjr OF WCr
eK wtbfp3lOF wUFTFTOF gFCUYT 3yd4bm WTCHOF wsH33B OrK CsB WFK
WM 39bm Y9buyF Or K ORUM wxfFy hOF CyIfF blhb 3ydA4Yb FMbm 3BbYg IOF
. _FI®XuFm 6yr halOF C3K WpFysKw 4t
WCr KY 293Fp BNUIF NTCHsWOTwy Ar K whFpp _ FOtw wlOmMfFjBs 6b wsCt
MFHXY wXelX aFCbkPghY? WOMM Uy TOI3IHF dHTC eB wYAsbs UWFHXY a
SEA20W50, SEA10W40 &SEAW30 6 k M WwWTpfr Tt 3OF 9H T OIOF esB
dy 1 93 OF wiOF ¢ CtCjb <¢T FNn3B. b pwmp c AK PONs3 OF Kon> L
WCr KY 93 Fp BMNUIF NocEupCPNHOB IO whFp CIOF dCssw CLUM FpMmk
400 OB UMFO3h wYAsbwn KAFXsFRH rCOK wYAsbr IOF du T DIOF
GEOBIOF @B KMCIOF OIMYKOF ck 3BrjriOF dr YHbBFHB UxFb . w4y UCIKF ¢ T
bHALFWB FaMye U F 4 CNBIOE OskODOME 3 hr IOF M 6 B
NTCub wHKE P v DMWY GBF K Ue Pm Srj r IOF
AFpMp YfF KD 4@xHK WM Gydryjs UyTOd3lOF 4t € BNY
. W3TF 398
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