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DKcnepuMeHmanbHo UCCIe008aH0 HAKONIEHUE NOBPENCOCHUI 68 30He MPEHUS CKObIHCEHUS MEMall—
Memann npu mpuboyCmanioCmHulX UCHBIMAHUAX C UCNONIb308AHUEM aKmusHol mpubocucmemvl. Onu-
CaHa IKCnepumMenmanbras memoouxa. Ilonyuenvl sKcnepuMeHmanbHbvle 3HAYEeHUs XapAKMepucmux
CONPOMUGIEHUs MEMaiia mpuboycmanocmu 6 uccie0yeMom ysne mpenus. IIpoananuzuposamsi
nonyuenHvle pe3ynbmanvl U npugedeHsbl Hogvle OaHHble NO 0Opamuomy d¢p@exmy npu mpuboycma-
JIOCMHBIX UCHLIMAHUAX CMANU 45 ¢ UCNONb308AHUEM CULYMUHOBOU AKMUBHOU MPUOOCUCTIEMBL.

Knrwouesvie cnosa: TpubOyCcTanocTb, TPEHUE CKOJIbKEHHS, 00paTHBIN 3¢ddekT.

Introduction. The back effect is defined as change of a friction and wear
process characteristics due to repeated stresses effect [1]. The experiment including
two stages has been planned:

sliding friction (sliding fatigue) test;

wear-fatigue (mechano-sliding fatigue) test.

At the first stage of tests it is necessary to find the regularities of wear
processes for the next it comparison with the test results on the second stage.

1. Methods of Research.

1.1. Sliding Fatigue Tests. The model of an active system for sliding fatigue
tests is shown in Fig. 1. The specimen / made of a 0.45% carbon steel with a test
portion diameter of 10 mm is cantilever fixed in a spindle 2 of a testing machine
UKI-6000-2 and rotate with frequency of 3000 min~!. The counterspecimen 3
with a width of 4 mm, made of siluminum is pressed to dangerous cross section of
the specimen / with the force F, which magnitude is supported a stationary
value during the tests of each friction pair the specimen/counterspecimen. The
lubricant — universal all-weather engine oil SuperLuxoil SAE 15W-40 is brought in
a friction region by the dropwise method. The measuring of magnitude of the

* Report on International Colloquium “Mechanical Fatigue of Metals” (13—15 September 2010,
Opole, Poland).
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cumulative linear wear i of friction pair with the precision of 2 um in the local
points /—8 uniformly proportioned on ambit of dangerous cross section of the
specimen is made periodically (Fig. 1b).

a b

Fig. 1. Scheme of sliding fatigue tests (a) and scheme of the wear i measuring (b).

The cumulative wear of a friction pair specimen/counterspecimen ij}m =

100 m has been accepted as the limiting state. We used 107 cycles as the base of

tests according to the state standard of Belarus STB 1448-2004 [2]. Let’s consider
some results of tests of the examined frictional pair at a contact loading F =280 N
as example. The circle diagram of wear i, um, for each of 8 points uniformly
proportioned on ambit of dangerous cross section of the specimen is shown in
Fig. 2. Values i in these local points at the given number of cycles N of loading
we connected by direct lines. It is visible, that wear process occurs nonuniformly
on ambit of the specimen, and the greatest irregularity is observed at the initial
stage (diagram a in Fig. 2). Irregularity decreases with the growth of number of
cycles. The greatest wear occurred at N =6.5+ 108 cycles for the local points 5 and
6 (101 and 103 um).

Irregularity of the wear process is caused primarily by difference of physics-
and-mechanical properties of the surface blanket of metal.
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Fig. 2. The circle diagram of wear at contact load F,, =280 N for number of cycles: (a) 0.2- 10%;
(b) 0.51-10% (c) L0-10%; (d) 2.2-10°; (¢) 6.5-10°.
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The kinetics of wear for the local points 7, 2, 5, and 6 is presented in Fig. 3. It
is fixed, that the experimental points are well featured by degree dependence of a

type i=aN b4 ¢. Values of coefficients a, b, and ¢ and a coefficient of

correlation k are determined with the help of the MathCAD system and reduced in
Table 1.

b '})hle eChlaracteristics of the Equations of Regression of the Wear for the Local Points
Coefficients Number of point
1 2 3 4 5 6 7 8
a 1.995 2.945 2.030 1.851 0.522 0.444 0.218 0.985
b 0.251 0.228 0.252 0.257 0.337 0.348 0.390 0.295
c —-4.307 | —=5.107 | —=5.150 | —3.882 | —2.468 | —1.695 | —2.231 | —3.328
k 0.986 0.985 0.986 0.986 0.978 0.976 0.969 0.983
I, pm
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Fig. 3. The kinetic curves of wear in local points /, 2, 5, and 6 at F,, =280 N.

Figure 3 visually displays the most intensive wear process occurs at the given
contact load during the first 700-800 thousand cycles of loading. This period is
term as a running-in stage. It is caused by cutting of microprotuberances of a
surface. As a result the area of contact of friction surfaces and the linear wear
intensity decrease (curves in Fig. 3 after 800 thousand cycles of a loading become
more gently sloping).

It is fixed that regularities of wear process are saved at other values of a
contact load, and its magnitude makes major impact on wear intensity.
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1.2. Mechano-Sliding Fatigue Tests. The model of an active system for the
mechano-sliding fatigue tests is shown in Fig. 4. The bending load Q is affixed to
free end of specimen /. It provides the amplitude of the cyclic bending stresses o
for a dangerous section of specimen. Other test specifications remained invariable.

The magnitude o, supported on a fixed level (o, =160 MPa) for the first
series of wear-fatigue tests.

a

Fig. 4. Scheme of the mechano-sliding fatigue tests.

Tests result at contact load F,;, =300 N and at amplitude of the cyclic stresses
o, =160 MPa is displayed in the circle diagram of wear (Fig. 5) and in the kinetic
curves of wear in local points (Fig. 6). Wear process occurs nonuniformly on ambit
of the specimen as well as in other cases.

Fig. 5. The circle diagrams of wear at /'y, =300 N and o, =160 for number of cycles: (a) 0.4 - 10°;
(b) 13-10%; () 2.8-10°; (d) 5.2-10%; (e) 7.7-10°.

From the Fig. 6 it is visible, that the active system has the greatest wear
intensity during the first 80-90 thousand of cycles. The wear-fatigue tests for an
active system has been realized at o, =256 MPa (next series) also. Character of
irregularity and wear intensity is saved.

2. Results of Experiments and Discussion. Comparison of the some tests
results is introduced in Fig. 7. Wear intensity decreases at Fp =410 N if the
amplitude of the cyclic bending stresses for a specimen critical section increases.

62 ISSN 0556-171X. IIpobnemsr npounocmu, 2011, Ne 4



Experimental Research of Back Effect for Mechano-Sliding Fatigue ...

11Q =

e A
9 e XL\ i
8 J/’S//Af ”}/"/j; -
2l
1 o= rearal
#M B8 point2 | |

Ne
&51

©C  point 3

20 _ ||
AA point6

1

) 5 5 5 5 5 5

0 -1 2:10  3-10 410 5100 6-10 N, cycles

Fig. 6. The kinetic curves of wear in local points /, 2, 3, and 6 at Fy =300N and o, =160 MPa.

I, pm
110 |

6,=0 | |aa:160MPa
7 — iy

100 / A -
B fe ol ¢JY‘ ]
90 7 7 = —-A‘"
. Ar’_‘a‘—'ﬂ' /
) j }\ ] /
70 - =
£ i el
60 P AA Fy=250N
o 66 Fy=410N

40 1 I
£ W 2. — 256 MPa
¥ ] (]

30 ‘, /
d A

cuaucoce Am-=="]
20 PPa) [cAmeemreBE -
& e
1offr e ===
0
0 1-10° 2.10° N, cycles

Fig. 7. The kinetic curves of wear (mean values).

However, at constant contact load F; =250 N wear intensity increases when the
amplitude of the cyclic bending stresses o, for a specimen critical section
increases from 0 to 160 MPa, and wear intensity decreases sharply if the amplitude
of the cyclic stresses o, grows to 256 MPa.

The 16 active systems are tested at various contact loads over the range from
140 to 450 N in total.
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The sliding fatigue curve (curve / in Fig. 8) is built in half-logarithmic
coordinates contact load Fy —long time N defined as the logarithm of number of

cycles before reaching of wear magnitude i?”l on tests results. The similar curves

built by sliding fatigue tests results of the other materials are given in [1, 2].
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Fig. 8. The experimental sliding (/) and mechano-sliding (2, 3) fatigue curves for the 0.45% carbon
steel-siluminum pairs of friction and active systems.

It has appeared that the curve / has three characteristic sections: (I) the field
of quasistatic fracture (approximately to N =4.2- 10° cycles at region of contact

loads F =320-450 N), (II) and (III) the fields of low-cyclic and multicyclic
fracture (Fy = 150-320 N), respectively. The boundary between fields II and III
isn’t determined, therefore the experimental points are approximated by one line. It
is visible from Fig. 8 the sliding fatigue curve / has two branches: left with the big
inclination and right which is situated almost vertically. The contact load
corresponding to a sliding fatigue limit for the investigated pair of a friction is
F, =150 N.

Mechano-sliding fatigue curves (curves 2 and 3 in Fig. 8) are built analogously.

The values of sliding and mechano-sliding fatigue characteristics for the
0,45% carbon steel-siluminum active systems are introduced in Table 2. They
correspond to [2].

As we can see from Fig. 8 and Table 2 the mechano-sliding fatigue curve 2 is
built on tests results at contact loads over the range from 200 to 450 N and at the
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Table 2
The Sliding and Mechano-Sliding Fatigue Characteristics
for the 0.45% Carbon Steel-Siluminum Active Systems
Characteristics Characteristic’s value
sliding fatigue curve mechano-sliding fatigue curve
N(Fy) N(Fy,0, =160 MPa) | N (Fy ,0, =256 MPa)

Fatigue limit, N Fp =150 Fp =240 F =260
Turning point of fatigue | N, =50-10° N g =10-10° N gy =63-10°
curve, cycles
Fatigue curve exponent my = 0.05 mg; =019 mg; =051

amplitude of the cyclic bending stresses for a critical section of specimen 160 MPa,
the mechano-sliding fatigue curve 3 is built on tests results at contact loads at
F,y =250-410 N and at the amplitude of the cyclic stresses o, =256 MPa.

The contact load corresponding to a mechano-sliding fatigue limit for the
examined active system is compounded Fjg =240 N (at 0, =160 MPa) and
Fy =260N (at 0, =256 MPa) that is accordingly in 1.6 and 1.7 times exceeds
value of the contact load corresponding to a sliding fatigue limit ', =150 N.

The field of quasistatic fracture is detected only on a sliding fatigue curve /
(Fig. 8). Probably this field for curves 2 and 3 is located above the peak value of a
contact load (F =450 N) accepted for these tests.

The increasing of fatigue curve exponents my and myp, in the fields of
low-cyclic and multicyclic fracture with increasing of the amplitude of the cyclic
bending stresses o, is observed.

Thus, new regularities of a back effect for mechano-sliding fatigue of the
0.45% carbon steel-siluminum active systems are found.

Peszome

ExcrniepuMeHTanbHO JOCHTIHKEHO HAKOIMYECHHS MOIIKO/KEHb Y 30H1 TEPTS KOB3aH-
HSl METaJ—MeTal MpH TPHOOBTOMHUX BHUIIPOOYBAHHSX 13 BUKOPUCTAHHIM aKTHBHOL
Tpubocucremu. ONUCaHO €KCHEPUMEHTAIbHY METOOUKY. OTpHMaHO eKCIIepUMEH-
TanbHi 3HAYCHHS XapaKTEPUCTHK OMOpPY MeTaly TPHOOBTOMI B JOCIIIKYBaHOMY
By37i TepTs. [IpoananizoBaHo oTpuMaHi pe3yJIbTaTH Ta MPUBEICHO HOBI JaHi M0/10
3BOPOTHOr0 €(eKTy Npu TPUOOBTOMHHMX BUIPOOYBAaHHSIX cTaii 45 3 BUKOpHC-
TaHHSM CHJIyMIHOBOI aKTHBHOI TPUOOCHCTEMHU.

1. L. A. Sosnovskiy, Tribo-Fatigue. Wear-Fatigue Damage and Its Prediction
(Foundation of Engineering Mechanics), Springer (2004).

2. Tribo-Fatigue. Wear-Fatigue Tests Methods. Sliding-Mechanics Fatigue Tests
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