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Abstract

The researches considered the problem for anatigtermination of fatigue characteristic, treatingetmethods
as rapid and approximate estimation of true cun@slected two methods are presented. The selegdiermade on
the grounds of popularity of the proposal. True rettderistics were juxtapositioned with estimatecg®ntaken from
reaches published in the references. A critical parison of characteristics of both methods was médamlyses for
correct functioning of both methods were made endgtounds of researches on steel test samplesreEuét of the
researches is presented in quantitative as wetjusditative form.
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1. Problem formulation

Determination of Wohler curve for construction eésts or materials according to
recomendations of relevant standards e.qg. [7] pes/very precise result (which is an advantage
of the approach), but unfortunately, due to timeredlization for the resarches, it generates
considerable costs (which is a disadvantage ofméghod) . The standard [7] recomends resarches
on at least 5 levels of load, minimum 3 test sasy@ach with frequency of load change
5+ 100 Hz. It is also worth mentioning, that tlesult is very conservative as far as its connection
with conditions of reserches are concerned.

Such situation has lead in references to numeroagppsals of analytic methods as well as
analytic methods supported with simple experimaimbjng to estimated (rapid too) determination
of Wohler characteristics. The methods are mainly desidar enginerring use.

2. Presentation of selected methods

The following methods were selected for the ranfdiigh-cycle strength. They enable to
determine estimated fatigue curve after performangimple experiment (tensile strength test).
Another factor which influenced the selection af thethods was the ease of use for an engineer.



Recomended approach described in procedures of ETT({b]) assumes the use of general
knowledge on fatigue reaction of some groups ofenms in specified load conditions. Values on
- fig. 1 — depend on the type of stress dominatingng the fatigue process of destruction (m =5
for normal stress and m = 8 for tangential streBis¢ value of fatigue limit is determined for point
10° of cycles. The above mentioned regards steel {ditej austenic steel) and cast steel. For
other construction materials and already mentioaestenic steel, for the range of number of
cycles from18to 1G cycles, it is estimated to use,mespectively 15 and 25.
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Fig. 1. Fatigue curve - estimateditler curve according to [5] (designations as of gwurce work)
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Fig. 2. Fatigue curve — modified curve S-N accogdio [3] (designations as of the source work)

The work [3] presents the method where determinaiidhe line corresponding to limited
fatigue strength is based on the knowledge of teatpensile strength R The value is easy to
obtain via experimental methods, the data idemtgfythe precise construction material (batch,
delivery etc.). According to the data, one detemsipoints: §oo— on tensile axis and,fatigue
limit) connected with fatigue life expressed viséaumber of cycles.



S1000= Rm - W, 1)
where:

w; — depends on the type of material ans type of [8hd
Soe: Rm ) VVZ! (2)
where:

w, — depends on the type of material and is conneai¢itl indication on recomended base
number of cycles (on fig. 2 for example®}L[B].

Both presented methods take calculations for smiestirsamples (basic curves) into account
and for test samples (quasi-construction elemeavith)defined state of the surface, with respect to
the scale effect and the type of employed loads.ltiefly showed on figure 2.

3. The scope and verification method for analysedpgproaches

In order to perform verification of the above mentd methods, required data were defined to
enable determination of fatigue life according he procedures. After required information had
been obtained, determination of fatigue curves ifatividual materials was performed and
presented on one figure. The results were usecetionn quantitative analysis for methods of
determination of characteristics according to thethmdology from procedures of FITNET and
publications [3]. The quantitative analyses emptbyalues of unlimited fatigue life. Preliminary
verification employed data of the following matésia

— S235JR to raw state [6],

— S355J0 in raw state [4],

— 15Cr2 quenched and tempered [6],

— 34CrMo4 normalised [1],

— 42CrMo4 after plastic forming [1],

— C40normalised [1],

— C45 normalised [2],

— SAE 8630quenched and tempered [1].

4. Verification results

Verification results presented as follows. FiguBego 8 illustrate lines corresponding to
high-cycle fatigue characteristics for experimerdata and estimated characteristics according
both analysed methods.
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Fig. 3. Diagram presents comparison of estimatia@tihads for high-cycle fatigue strength
for 42CrMo4 steel after plastic forming
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Fig. 4 Diagram presents comparison of estimatiothoes for high-cycle fatigue strength
for C40 normalised steel



Stress amplitude (log) [Pa]

Stress amplitude (log) [Pa]

9
110

i

[

| = Test result [2]
— According to [5]
=== According to [3]
=== Yield stress
===- Tensile strength

1102 —
1x10° 1x10° 1x10° 1x10

Life, N, cycles (log)

Fig. 5 Diagram presents comparison of estimatiothoes for high-cycle fatigue strength
for C45 normalised steel
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Fig. 6 Diagram presents comparison of estimatiothmés for high-cycle fatigue strength
for 15Cr2 quenched and tempered steel
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Fig. 7 Diagram presents comparison of estimatiothoés for high-cycle fatigue strength
for 34CrMo4 normalised steel
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Fig. 8 Diagram presents comparison of estimatiothoés for high-cycle fatigue strength
S235JR raw state steel
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Fig. 9 Diagram presents comparison of estimatiothoés for high-cycle fatigue strength
for S355J0 raw state steel
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Fig. 10 Diagram presents comparison of estimatiathuods for high-cycle fatigue strength
for SAE 8630 quenched and tempered steel

5. Quantitative and qualitative analyses

Diagram line presented on figures 3- 8 enable tfopma qualitative analysis in the scope of
their interlocation (on the safe side +, on thegdairside -, crossing curves +/-). It is also pdssib
to perform qualitative analysis of curve line geadiin the scope of limited fatigue life (estimated



line gradient is near to curve line according tpexxmental data +, worse situation from the point
of view -). In the scope of unlimited fatigue lifequantitative analysis is possible (location @ th
estimated line below experimental data +, abovas-yell as the quantitative revealing average
percentage error. The results of analyses defmedceh way presented in charts 1 and 2.

Tab. 1 Qualitative analysis of determination methém high-cycle fatigue strength

A B C
Type of [3] [5] 3] [5] (3] 5]
steel / state
S235JR/ in raw + + + i + +
state
S355J0/ in raw + i + i + i
state
15Cr2/quenched ) - + i i +
and tempered
34CrM.o4/ + i + i + -
normalised
42CrM04/ after + - + i + +
plastic forming
C40/ normalised + - + - + -
C45/ normalised + - + - + -
SAE 8630/
quenched and - - + - - -
tempered
Legend:
A — Location of estimated curve line with respecekperimental linesa<Re),
(+) — below experimental line,
(-) — above experimental line,
(+/-) — crosses experimental line.
B — Gradient of part of the curve for limited faiiglife,
(+) — gradient near to experimental line gradient,
(-) — gradient noticeably different from experirtediine gradient.
C — Location of fatigue limit,
(+) — below the fatigue limit of the experiment,
(-) — above the fatigue limit of the experiment,
(+/-) — fatigue limit is almost even.




Tab. 2 Value of fatigue limit — presented as aed#fice between experimental fatigue limit and €etitimit
calculated in MPa

Type of [3] [5]
steel / state
S235JR/ in raw state 29,4 3,5
S355J0/ in raw state 42,1 -31,1
15Cr2/ quenched and tempered -37,5 27,5
34CrMo4/ normalised 83,6 -0,6
42CrMod4/ after plastic forming 78,9 78,9
C40/ normalised 23,8 -21,6
C45/ normalised 33,0 -12,5
SAE 8630 /quenched and 116.3 68,4
tempered

Data statement of the chart 1 shows specific terydéviery noticeable is that of the column
,B”, where the method described in [3] has gainsalresult of,+”. Conclusions on the analysis as
follows.

6. Summary

Performed analysis enables to conclude the follgwin
— location of the estimated fatigue life line, regagdthe group of materials for which the
analysis were made, is more beneficial for the wektkccording to the publication [3],
— performing the qualitative comparison of curve ggatin the scope of limited fatigue life,
the performed analysis shows estimation from pabbn [3] as more beneficial,
— as far as estimation of fatigue life is concerrmth methods are comparable,
— in the scope of the qualitative analysis deviabbmexperimental, defined fatigue limit and
limited fatigue life — average error values are enoeneficial for the FITNET method.
It shall be stressed that the statement of datdysis and its conclusions apply to limited
group of materials. Verification shows defined tency and indicates purposefulness to present a
wider group of materials.
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