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Summary

Fatigue resistance of a three-layer slide bearagldeen investigated on
the MWO test stand in which rotary loading to test bearing is gener-
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ated. The bearing material consisted of the brq@d”b22Sn3 + thin
overlay of SnCu6 plated) sintered to the steellsk&lch of the tested
bearing was subjected to the standard 20—houwted#r conditions of
full fluid lubrication. The methodology of the expaents, metallurgical
test results and fractographic description of timnd) crack—zone are
presented. The values of the fatigue strength petershwere estimated
as well.

INTRODUCTION

Among the most popular sliding material, used fgraimically loaded IC
engine bearings, there are alloys known as leadaalzb, composed of
cooper, lead, tin and small amount of the othermibal elements. The
slide bearing surface layer made of that matesialsually covered with
very thin overlay of soft alloy for improving cosin resistance and
protection against seizure. The mechanical praggsedf the coating and
the main alloy are quite different so the behawbisuch a three-layer
type bearing under working conditions with dynarhicading should be
experimentally evaluated.

The object investigated in this work for fatigusistance was a rep-
resentative of such a three-layer type bearing vatioper-lead-tin
(CuPb22Sn3) layer being sintered to the steel simellfinally galvanized
very thin of tin-cooper (SnCu6) coating of the slglrface. Thickness of
the coating was about 0,013 mm.

SUBJECT OF INVESTIGATION, TEST STAND AND THE
TEST ARRANGEMENT

The shape of the standard half-bearing is presentedjure 1. To adopt
this bearing to test requirement the standard bgasi modified by un-
der-cutting the slide bearing layer at both edgesntke the working
slide surface smaller. The thickness of the beasimgll is measured in
three sections (A, B and CFKig. 1). A preliminary selection is made ob-
serving the same circumferential outer length ofhblealf-bearings as
well as their spread R — measured before andtafies.
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Fig. 1. Half-bearing standard measurement before ahafter testing on the MWO
machine: g — bearing shell thickness, R — spready — overlap

Rys. 1. Standardowe pomiary potpanwiyskowej przed i po teie na stanowisku
MWO: g — grubé¢ potpanwi, R — rozmgz, w — przekrycie

Investigation of the fatigue strength of the begrhms been per-
formed on the dynamic MWO machine with rotary leadilL. 1].
A scheme of the testing head unit of the machirsldsvn inFigure 2.

2

Fig. 2. Scheme of head unit of the MWO machine withrotating load vector:
1 — investigated bearing, 2 — shaft, 3 — unbalancerhasses, 4 — bearing ho-
using, 5 — Cardan universal joint, 6 — stabilisingbar, 7 — flexible joint,
8 — ball joint

Rys. 2. Schemat glowicy badawczej maszyny MWO zujadym obcizeniem:
1 — badane tgysko, 2 — wal, 3 — niewywane masy, 4 — oprawadgska,
5 — sprzgto Cardana, 6 — stabilizator, 7 — zawieszenistgtane, 8 — podpar-
cie kulowe

Two model bearings 1 housed in the supports 4 iaraltsineously
investigated. Bearing loading is produced by rotabf a dynamically
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unbalanced shaft 2 with masses 3. Load can bedtleakrby proper se-
lection of masses 3 and rotational speed of th&# 8h&earing housings
are fixed to a stabilising bar 6 supported on jmatit 8 and four flexible
joints 7. Bearings are fed with lubricating oildligh the system of holes
in the shaft.

Table 1. Geometry and hardness of the investigatdzbarings
Tabela 1. Parametry geometryczne i twaédmadanych taysk

Bear-

. : Bearing : Journal
Inner Effective Bearing . . ing e
. ) . Bearing alloy | sliding . sliding
diaD bearing Relative bear- shell . journal
. . . layer thick- layer surface
of the full axial ing clearance thick- ness roudh- surface roudh-
bearing length ARR ness 9 hard- 9
gs [mm] ness Ra ness Ra
[mm] L[mm] g[mm] [um] ness [um]
H [HRC] H
52,784—
52,796 14,2 0,0019-0,0021 1,820 0,240-0,312 0,20 60+2 0,16

Test parameters were as follows: rotational spekdhe shaft
n = 4000 rpm, fatigue test basis 3,6 ¥ I@ading cycles (test duration
t = 20 hours), lubricant inlet pressurg p 5 x 16 [N/m?, lubricant:
Selectol SAE 20W/30 mineral oil. During the test following parame-
ters were controlled and recorded: rotating loadarge, the tested bear-
ings temperature, the temperature and pressuhe déibricant at the inlet
to the bearing and ambient temperature.

TEST RESULTS

Each of the 20-hour tests has been divided into I®&dour sections.
After completing the section the careful examinatad the sliding sur-
face has been performed in order to find out ptesddiigue cracks. The
slide layer has been recognized as destroyed igyéaif a net of fatigue
cracks is observed on the surface, even if thexenarlosses of bearing
material. For the test result assessments the owd-ptrategy I[. 2] is
adopted which is presented graphicallyigure 3.
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Fig. 3. Sequence of fatigue tests for SnCu6 materi@/D = 0.266, n = 4000 rpm, rela-
tive clearanceAR/R = 0,0019, bearing temperature increas&T = 70°C)

Rys. 3. Sekwencja testow zozeniowych dla materiatu SnCu6 (L/D = 0,266,
n = 4000 obr./min, luz wzgtiny AR/R = 0,0019, przyrost temperaturyyska
AT =70°C)

Picture of the fatigue cracks on bearing surfater &st is presented
in Fig. 4.

Fig. 4. Fatigue cracks of the SnCu6 surface layefftar test on the MWO stand
Rys. 4. Rkniecia zrmeczeniowe zewgtrznej warstwy powtoki SnCu6 po éee na
stanowisku MWO

The position of the cracked area is reflecting stress distribution
(being the result of bearing elastic housing dgsigrthe bearing alloy.
The cracks initiation can start at any time ofgaé process but it can be
detected only after first or second test sectidte (a0 or 20 hours). It
results in lower precision of the determinationtloé cracks initiation
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point on the bearing surface. The picture of tleecks net that is visible
on the slide surface allows concluding that axiadl aircumferential
normal alternating stresses are developing indhiase layer of the over-
lay (coating).

RESULTS OF PHYSICAL METALLURGY AND
FRACTOGRAPHY INVESTIGATIONS

The chemical composition of the slide layers, taedhess measurement
results of the particular regions of the slide acek as well as measured
on the slide layer cross-section, together witmsoey of that area, have
been investigated. The slide layer chemical contijposiwas examined
with the use of energy dispersive X-ray appara®iS B0OO, working with
scanning electron microscope (Hitachi S-300N-JAPAN)e results of
those measurements are showilable 2

Table 2. Chemical element composition of the SnCubating
Tabela 2. Sktad chemiczny powtoki ShCu6
N-K 0-K Ca-K Ni-K Cu-K Sn-L
pr3 4.87 1.13 6.10 87.90
pré 0.00 3.53 0.91 6.38 89.18

It results from the table that the share of thenelets other than Sn
and Cu in the coating differs from attest specifaa delivered by the
manufacturer (Bimet-Federal Mogul).

The thickness of bearing lining is equal to 0.388,nmcluding the
galvanized overlay. Hardness measurement was pegtbmwith the ap-
plication of Vickers’ method. Average value of brenlayer micro-
hardness is equal 112 HV while micro-hardness eélsthell is about
180 HV.

Micro and macro observation of the slide surface warformed
using Reichert type of metallographic microscoplkee Picture of slide
surface cracks (after bearing test) in scanningasope is visible in
Figure 5 in form of not oriented net. Because of small khiess of
outer, galvanized soft layer the crack net develepntould be associ-
ated with local spalling.
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Fig. 5. Cracks on the SnCu6 slide surface — afteesting on MWO stand (enlarge-
ment x500)

Rys. 5. Rknigcia na powierzchnglizgowej SnCu6 po teie na stanowisku MWO
(pow. x500)

In Figure 6 a transverse section of slide layer is shown. Elggon
of cracks was limited only to the thin soft coatihgno case of damaged
bearings cracks were passing through the main &lab22Sn3) of the
slide layer.

Fatigue damages of SnCu6 alloy at developed stegenainly of
structural nature. Development of arterial cracles warely observed. In
this case the cracks were going also only throadhadioy and it usually
happened at lower loadings. It could be explaireed arocess of initiat-
ing of the cracks development, before delaminatiiiipe soft layer.

Fig. 6. Transverse section of the bearing slide lay — after test on the MWO
stand (magnification 250x)

Rys. 6. Przekr6j poprzeczny warstwiizgowej tozyska — po técie na stanowisku
MWO (pow. 250x%)
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In Figure 7 the other types of fatigue cracks are presentbdy B&re
developing in so called dam layer (or interlayer) bétween soft and
main alloys of the lining. They have structuralnfiowith spalling. It can
be concluded that this interlayer could be the waakctural area of the
investigated bearing.

.A'm ‘
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Fig. 7. Cracks in the dam layer (Ni) of the bearindining after test on the MWO
stand (enlarg. 1000x)

Rys.7. Rkniecia w warstwie zaporowej (Ni) po éde na stanowisku MWO (po-
w.1000x)

STATISTICAL RESULT ASSESSMENT

As a statistical basis of standard test a numb8&réok 16 loading cycles
was adopted. In the experiments a factprsSinderstood as a maximum
value of the cyclic pressurey(Pmax On the bearing sliding surface under
which P x 100% tested bearings are subject tetince fatigue dam-
age, after reaching the specified number of loadipge. Probability
level P, to determine,Jactor, is usually taken as 0.50. So the value of
So 50 corresponds to the median of critical stress idigtion for bearing
that is subject to 3.6 x f@oading cycles. Justification for adopting the
median value as an estimate of bearing layer ndnfaimue critical
stress is explained in literaturke. [2] in detail. $ 50 factor value is em-
pirically evaluated by the application of the twohgt sequence method.
Results of statistic parameters calculations orbdss of the fatigue test
results presented graphicallyfigure 3 are shown iable 3.
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Table 3. Assessment of the statistic parameters fahe SnCu6 coating fatigue

strength
Tabela 3. Oszacowanie parametrOw statystycznychzywilaici zmeczeniowej po-
witoki SnCu6
Slide material Statistic parameter estimation
Sos50 [MPa] 27.16
s(S) [MPa} 1.082
s(So50) [MPa} 0.442
95%-confidence interval for So,s0
— lower limit 26.28
SnCub — upper limit 28.04
95%-confidence interval for S
— lower limit 25.04
— upper limit 29.28
Total number of tests 21
Corrected Sos0 [MPa] value 35.86

Assembly clearance as well as the change in temyeraf the
tested objectAT = 90°C above the assembly temperature) were taken
into account for introducing they & factor correctionlf. 3]. Corrected
So 50 factor can be treated as quantitative estimatoslfde bearing layer
fatigue resistance providing that the test resadéssubject to the normal
distribution and the width of the confidence intdrnis the same as the
one experimentally evaluated.

BOUNDARY STRESS CALCULATIONS

The boundary stresses have been calculated folo#tteng conditions
described by the corrected sp value. A calculation procedure based on
the computer programme ANSYS has been applied.calamilation re-
sults are presented irable 4.
The calculated value of critical circumferentiaess amplitude has ap-
peared to be higher than absolute value of (corsipg)smean stress. Thus
the stress cycle is characterized by stress ratiooRn/omax = —1.77 which
means that the circumferential stresses, thatertagether with oil pressure
on surface of bearing tested in the MWO machinangl from compression
to tension. The radial stresses (practically etputde local oil film pressure)
are characterized by stress ratio B/omax = —©.
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Table 4. Boundary stress amplitude value that is coesponding to the 5o factor
Tabela 4. Graniczna amplituda napmn obwodowych odpowiadaga wskanikowi

S0,50
Boundary circumferential stress amplitude Boundary normal stress amplitude that are
reduced according to the Huber method
Stress ratio R = omin/omax= —1.77 Stress ratioR=0
Amplitude stress [MPa] | Mean stress [MPa] | Amplitude stress [MPa] Mean stress [MPa]
33.1 -9.2 414 414

CONCLUSIONS

For the loading pattern that is characteristictfar test devices such as
the MWO machine the mechanism of cracks generahenause of the
alternating normal stresses in the damage arefd beuexplained as fol-
lows:

— Soft bearing material as the SnCu6 alloy is lmomore sensitive to
the tensile loading than to the compressive orgeaally in the area
that is weaken by empty spaces. That might bedagson for cracks
generation. Additionally in the case of the thinHvkearing shell, as-
sembled in the elastic housing, the circumferdgtahd axially ori-
ented cracks can appear owing to elastic defleactfdhe support. It
has been observed for bearing loading appliedarMWO tester.

— Mainly structural cracks can be noticed whealying the metal-
lographic description. It is related to the porpsit the SnCu6 alloy
structure. This is different from other much strengtructure as, for
example, the aluminum alloy where arterial type coficks was
dominant [. 3].

— The fatigue damage is manifested by appearahtiee dense small
cracks and voids of pitting nature. The slide stefés a place of
cracks nucleation. But when in slide layer theeelagger soft mate-
rial concentrations or voids it is also possibleohserve generation
of cracks in any place of the bulk thicknegs 4]. During conse-
guent development of the process the micro-crakesspreading out
and going to the next defected parts of the alldyese cracks can
reach the inter-boundary of the damaged lalyag. (7). The continu-
ous surface of separation is then developed wieiatid to delamina-
ting the overlay. The micro-cracks space net thdypical for this
kind of damage is not precisely oriented but ratteardom. The
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eventually oriented fracture is due to the notamif structure of the
alloy.
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Streszczenie

Odpornos¢ trojwarstwowego tozyska slizgowego na zmgczenie ba-
dano na stanowisku MWO, w ktorym generowane jest wuj ace ob-
cigzenie badanego obiektu. Materiat tayskowy skiadat s¢ z brazu
CuPb22Sn3 pokrytego cienlf powioka ze stopu SnCu6. Baz
spiekany byt na stalowej tusce. K&de z badanych taysk poddane
byto standardowemu 20-godzinnemu testowi w warunkdc petnego
smarowania hydrodynamicznego. Przedstawiono metodgk badan
doswiadczalnych, wyniki badai metaloznawczych i analig frak-
tograficzng uszkodzonych obszarow warstwy powierzchniowej ky-
ska. Oszacowano wartfci parametrow charakteryzujacych wytrzy-
matosé zmeczeniowa obiektu badan.








